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Abstract—Inresponseto the increasing demands placed
on educational institutions, there is a clear need for
technological advancements that can enhance the student
experience while maintaining data security. This article
describes the development of a Virtual Queueing System
(VQS) specifically designed for the Durban University of
Technology (DUT) to tackle these challenges strategically.
The proposed system aims to minimize physical waiting
times, ultimately enhancing the overall student experience.
To ensure studentinformationremains private andsecure,
the system incorporates a robust multi-layered security
protocol. The goal of this research is to provide
recommendations for enhancing service quality, ensuring
data security, and reducing wait times across various
industries that utilize virtual queuing systems. The
findings from this research demonstrate the potential of
digital solutions in positively transforming educational
institutions.

Keywords—Virtual Queuing, University, Realtime-
Queueing, Scalability, Data Security.

I INTRODUCTION

A virtual queue system is a digital solution that helps manage
waitlists, enabling users to wait for a service without having to
physically stand in line. Users receive electronic notifications
regarding their turn or waiting status, which helps reduce
physical waiting times and improves the overall user
experience [1]. Virtual queue systems, also referred to as
queueing systems, have brought about a transformation in the
way waiting processes are managed across various industries.
These digital solutions have eliminated the need for queues by
enabling customers to join queues through their devices and
even schedule appointments. This has resulted in enhanced
efficiency and improved customer experiences [2]. Real-time
queue monitoring refers to the ongoing and dynamic tracking
and analysis of queue statuses and activities.

Real-time notifications and alerts keep customers well
informed about their position in the queue while data analytics
assist businesses in optimizing resource allocation [3].
Additionally, they gather feedback and data, for enhancements
leading to higher customer satisfaction and reduced
abandonment rates. As a result, waiting in line becomes more
convenient and enjoyable overall [4].

With systems becoming more common in universities, it is
important to make sure they deliver on their promise of
reducing student wait times and improving service quality [5].
This means addressing challenges like allocating resources
which involves assigning staff and resources to different
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queues in a smooth manner. Solving these problems is
essential for universities to fully harness the benefits of
queuing systems while providing a seamless and secure
experience for their students.

Research Question

What strategies and technologies optimize online queues for
enhanced efficiency, student experience, and secure
scalability?

Effectively managing and optimizing queuing systems
requires the implementation of advanced algorithms for
resource allocation, mechanisms for dynamic scalability
measures to ensure stringent data security user-friendly
interfaces, and real-time analytics [8]. The authentication of
users, communication with customers, and feedback
mechanisms are crucial in enhancing the overall customer
experience. Furthermore, continuous training for staff and
customers alike along with system optimization ensures that
these systems deliver on their promise of reducing wait times
and improving service quality [7].

Additionally, insights will be gathered by intentionally
selecting experienced stakeholders for participation [4]. To
analyze the data, techniques and thematic coding will be
appliedto gain a comprehensive understanding of optimizing
virtual queuing systems [3]. Throughout the study, strict
adherence to guidelines will be maintained. The goal of this
research is to provide recommendations for enhancing service
quality, ensuring data security, and reducing wait times across
various industries that utilize virtual queuing systems [11].

II. LITERATURE REVIEW

The context of this study is to investigate the virtual queuing
system using a South African University as a case study.
Durban University of Technology rough estimated student
population is 33,000 [15]. Examples of student services where
physical queues are used are in the Card protection department,
and finance department, and waiting in lines has long been a
problem, in both private sectors. It does affect students, staff,
and customers. Also poses a challenge for service-oriented
establishments. Accordingto a study by [10] these lines often
lead to frustration and exhaustion among customers, which
significantly impacts their experience. In today’s business
landscape, where the quality of service and customer
satisfaction are crucial service providers need to address this
issue.

Traditionally businesses and organizations have used paper
ticketing kiosks on site to manage customer arrivals and
facilitate access to services. While these systems are somewhat
effective, they are gradually being replaced by customer-
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friendly alternatives [12]. One such innovation is the adoption
of virtual queue management systems. These systems allow
customers to join a queue without waiting in line, providing a
convenient experience for everyone involved. These systems
have been adopted by numerous sectors including the banking
sector and reaching fast-food chains such as KFC and
McDonalds.

The shifttowards virtual queue management systemsrepresents
a development in how businesses approach customer service
[8]. These systems use technology to streamline the waiting
process, giving customers flexibility and control over their time
while ensuring they are guided promptly toward their service
points [13]. Moreover, these systems frequently incorporate
functionalities, like notifications and timely updates regarding
queue durations enabling customers to organize their schedules
while waiting. As technology continues to advance, the
integration of virtual queue management systems is likely to
become more widespread across various industries [11]. This
transition not only benefits customers by enhancing their
overall experience but also enables businesses to optimize their
operations, improve service efficiency, and gather valuable data
for performance analysis and service improvement [14].

The groundbreaking study conducted in 2023 explores the idea
of using a mobile application along with geofencing
technologies to create an advanced and responsive smart
queuing system [13]. This system aims to improve distancing
practices. The research provides detailed insights into its
various components.

The objective of the study is to dive into the intricacies of this
novel system explaining how it works and highlighting its
benefits. Physical tokens or papertickets are typically used in
queues this system introduces a digital ticketing approach. The
main objective is to minimize contactand reduce the spread of
germs, which is crucial, in ourhealth-conscious world [ 14]. The
authors explain how this ticketing system functions
emphasizing its user-friendly features and seamless integration
with a mobile app. Additionally, the research paper thoroughly
examines the queuing model focusing on optimizing user
experience. The development of a user-centric queuing model
is a multifaceted process that demands careful consideration of
various elements. Through this advancement, they aim to not
only ensure a safer environment for individuals but also
improve the overall efficiency and convenience of queuing
processes.

Using real-time information to improve and customize the
queuing experience. The goal is to create a system that reduces
waiting times and makes users happier. The advantages of
online queueing systems are that both students and instructors
can gain from the systems. These systems offer accessibility
ensuring that students can easily access resources and
assistance they need. Furthermore, these systems introduce
flexibility in terms of space utilization allowing for
optimization of spaces for educational purposes.

Observed situations where people chose to bypass the queue
disregarding the "come first serve" principle. This blatant
disregard for the established order and priorities in a queue can
have an impact on the fairness and efficiency of the queuing
process [5]. Such actions pose a threat to maintaining integrity
and effectiveness in queue systems.

The issue of individuals deviating from queuing etiquette has
been acknowledged by [11]. In various contexts necessitating a
reassessment of existing queuing mechanisms. These
deviations do not cause frustration among those who abide by
the rules but also introduce inefficiencies and biases into the
system, ultimately affecting service quality [7].

Advanced systems have the potential to tackle the problem of
peoplenot following the established order by using methods to
ensure that everyone respects the rules of the queue. This will
not maintain efficiency and fairness [9].

Potential Gaps and Areas of Disagreement

The research conducted for this study emphasizes the benefits
of using payment transactions and the importance of havinga
reliable queueing system. However, it is worth noting that
previous studies have not extensively explored the potential of
utilizing technology and fintech solutions to improve payment
methods [4]. The main goal of the discussed queuing system is
to manage and monitor an individual’s position in the queue
while they engage in transactions.

To addressa gap, in the existing literature, this study’s authors
focused on integrating Online Cashiering with fintech
technology as a payment method. Additionally, they developed
a queueing system to enhance user's overall experience and
provide insights related to previous research [11].

While many studies have thoroughly examined the operational
aspects of queuing systemsthereremains research on how users
perceive,react to,and are affected by their position, in an online
queue estimated waitingtimes, and their overall experience [9].
Understanding these reactions, in-depth has the potential to
open doors, for user-oriented designs for online queuing
systems. Ultimately implementing enhancements can improve
user satisfaction and foster loyalty. Contribute to the ongoing
growth and success of online transaction systems.

In times there has been interest in studying online queue
management systems focusing not only on their operational
efficiency but also their broader economic and social impacts.
[3] point out a gap in our understanding highlighting that while
there is progress in optimizing queuing systems, research has
largely overlooked their effects on sales, customer loyalty, and
brand perception. These factors are crucial in determining the
success of businesses utilizing queuing systems thus
necessitating research to explore these interconnected aspects.

Furthermore, as the digital landscape evolves rapidly concerns
regarding data privacy and cybersecurity have become more
critical than before. Understanding how users perceive data
protection whilewaitingin queues is vital since it can influence
their trust levels and willingness to engage with systems [5].
This highlights the importance of finding a ground that allows
for online queuing while also protecting the privacy of user’s
sensitive data.

Furthermore, when it comes to developing queue management
systems it is important to consider accessibility and inclusivity.
Prioritizing the user experience should be an objective even if
it means sacrificing a bit of efficiency. It is nota concern but
also a smart business move to create systems that are inclusive
and accessible, for individuals with disabilities. Doing so
expands the user base and it helps maintain a positive public
image [6].

In this evolving field one of the points of contention revolves
around data collection. While collecting user data can
undoubtedly enhance both efficiency and user experience it
raises concerns about privacy. Striking a balance between
optimizing system performance and respecting user privacy
poses a challenge that researchers and developers must tackle

[9].

There is a lot of focus on how efficiently queuing systems
operate, but there has not been much research done on their
broader economicimpacts [3]. For example, knowinghow they
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affect sales, customer loyalty, or even how people perceive a
brand. Furthermore, given the growing concerns about data
privacy and cyber threats these days, it is crucial to investigate
the security measures in place for online queuing systems and
understand what users think about data protection while they
are waiting. Lastly, itis essential to consider the accessibility of
these online systems for people with disabilities and figure out
ways to make them more inclusive and better for everyone
involved.

While there are differing opinions on the primary goal of an
online queue management system, some argue that prioritizing
user experience is crucial, even if it has a slight impact on
efficiency [6]. Collecting user data can improve both efficiency
and user experience, but it also raises privacy concerns. The
extentand natureof datacollection can be a topic of discussion.

[7]. Table 1: Challenges and approached used in a queueing

AUTH PROBLEM PROPOSE FINDINGS/
OR / D APPROACH | SOLUTIONS
CHALLENGE
S

[5] Tasks queue Use queuing Adjust the
to accesslimited | theory to model | number of
processors in a | task arrivalsand | processors and
computer processor prioritize critical
system, leading | service rates. tasks to optimize
to potential wait times.
delays.

[8] 20% of Review Implement
customers are | traditional improved queue
annoyed by | queuing management and
waiting in | practices, as they | provide
queues, leading | often result in | individualized
to  discomfort | inefficiencies. | service to reduce
and inefficiency, waiting  times
with some and enhance
unaware of the customer
reasons for their satisfaction.
wait.

[6] Neglecting Understandi Apply
queue ng the | systematic
management, importance of | methods  and
especially  in | queue utilize resources
high-volume managementand | to serve
settings, canlead | the psychology | customers
to severe issues, | behind waiting | efficiently,
exemplified by | lines, which has | prevent
the Walmart | been studied for | overcrowding,
incident in 2008 | over three | and enhance the

decades. experience  of
waiting in line.

[10] Inadequate Introduce a Implement a
queuing queue new system that
management management uses algorithms
causes  stress | system that | to assess and
among organizes adjust  queues
customers and | customers every 15
decreases differently than | minutes,
employee job | the traditional | comparing and
satisfaction. FIFO method. improving upon

previous
methods by
identifying
failures.

system of various Universities in different countries.

III. RESEARCH METHODOLOGY

This study adopted a mixed-methods research design,
combining both qualitative and quantitative approaches to
comprehensively investigate the optimization of virtual
queuing systems in diverse industries [16, 17].

Data Collection:

Quantitative Data: Quantitative data was collected through
surveys and system-generated data. Surveys were distributed to
businesses and institutions employing virtual queuing systems
to gather quantitative insights on system performance, wait
times, and customer satisfaction. System-generated data was
extracted for analysis, including resource allocation, queue
data, and user interactions.

Qualitative Data: Customers, staff, and system administrators
were interviewed and surveyed to gather qualitative data.

Data Analysis:

Quantitative Analysis: Quantitative data was analysed using
statistical software to derive descriptive statistics, correlations,
andregressionanalyses. A pattern, trend, and relationship were
identified through this analysis.

Qualitative Analysis: Qualitative data from interviews and
focus group discussions were transcribed, coded, and analysed
using thematic analysis. This approach uncovered key themes,
insights, and recommendations.

Ethical Considerations: Data protection, informed consent, and
confidentiality were all adhered to during the study.

Limitations: Potential limitations include the
representativeness of the sample, self-reporting biases in
surveys, and generalizability of findings to all industries and
contexts using virtual queuing systems.

The mixed methods approach was chosen because it enables a
more thorough exploration of the research questions, enhances
the credibility of the findings, and ensures that the study
accounts for both quantitative metrics and qualitative insights.

By employing this mixed-methods research approach, the
study seeks to offer a holistic perspective on optimizing virtual
queuing systems, addressing challenges, and providing
valuable insights for businesses and institutions across various
sectors [12].

Survey Questions

**Below is the link for the survey that was generated with
Microsoft Forms.
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https://forms.office.com/Pages/ResponsePage.aspx?id=0TAZ
S QStUCOjL2GEXQp2BVei8QpQGINu-
AfZJIKMvNUQk85NzdaWkVCQUpNWEFQMTQ4NExLUO
dHTi4u

The Bar Graph represents survey results on student satisfaction
in Figure 2.

8. On a scale of 1to 5, with 1 being highly dissatisfied and 5 being highly satisfied, how would you rate your

overall experience with campus services' waiting systam?

[ars Detsils i Insights

10
8
2.09 5
Average Rating .
2
u H
1 2 3 4 5

Figure 2: The Bar Graph represents survey results on
student satisfaction.

The pie graph in Figure 3 below represents the departments
with high waiting times. This graph emphasizes the extreme
queueing times in these specific departments.

2. On average, how often have you experienced long wait times and in-person queues when visiting campus
senvices?

Mor Details

© o) Frequenty 1 ‘
® b Occasionally 15

0 oRaey 3

3. How would you describe the impact of long wait times and queues on your academic progress and daify
schedule?

More Details

© ) Major disruption 15 ‘
@ b Some disruption 1

@ o Minor disuption 2

@ d Nodinuption 1

Figure 3: The departments with high waiting times.

1) Survey Results: Business
a) Business Profile: KFC Chatsworth Durban 4092

e Industry: Fast Food (Quick Service Restaurants)
e Number of Self-Kiosks: 2
e Average Daily Transactions per Kiosk: 70

b) System Performance Metrics:

1. Average Wait Time for Customers: 3 minutes

2. System Uptime and Reliability: 99%

3. Number of Successful Transactions Processed
Daily: 250
¢) Customer Satisfaction Metrics:
1. Percentage of Customers Reporting a Positive
Experience: 80%
2. Net Promoter Score (NPS): 75
3. Ratings on System Accessibility and Ease of Use
(on a scale of 1 to 10): 7.5
Summary of Interview Results: Students
User Experience

During their visit to campus services, students often faced long
wait times and long in-person queues. This undermined their
academic progress and disrupted their schedules. Students
reported feeling anxious because they did not know when they
would receive their services.

“Honestly, the experience is similar to standing in home
affairs.”

Efficiency and Convenience

During their visit to campus services, students often faced long
wait times and long in-person queues. This undermined their
academic progress and disrupted their schedules. Students
reported feeling anxious because they did not know when they
would receive their services.

“We as students waste valuable time standing in queues, we
sometimes spend the entire day in these queues.”

Communication

There was a lack of transparency in the information students
received about wait times and services that made it difficult for
them to plan their day efficiently.

“We are fed up with lies regarding the times to wait.”
Interview Results: Business (KFC)
Challenges and Solutions:
Common Challenges:
Occasional technical glitches during peak hours.
Initial resistance from some staff members.
Innovative Solutions:
Scheduled maintenance during off-peak hours.

Ongoing staff training programs emphasizing the benefits
of the self-kiosk system.

Perceived Benefits:
Enhanced Customer Satisfaction:

Positive feedback on reduced wait times, especially during
busy periods.

Increased customer engagement with customizable orders
through self-service.

Improved Operational Efficiency:
Smoother customer flow, leading to quicker service.

Staff can focus on providing personalized service and
managing peak times.

The approach to the problem is as follows:

Authorized licensed use limited to: Durban University of Technology. Download@a on April 26,2024 at 08:35:29 UTC from IEEE Xplore. Restrictions apply.



1. Arrival and Check-In:

Upon arrivingat the waitingarea, the student approaches a self-
service kiosk equipped with a touch screen.

2. Selection of Service:

The student selects the desired service from the options
displayed on the kiosk screen. For example, they might choose
"Academic Advising."

3. Personal Information Entry:

The kiosk prompts the student to enter their personal
information, which may include their name, student ID, or
contact details.

4. Queue Placement:

After providing their information, the system assigns the
student a virtual spot in the queue for the selected service. The
screen displays their position and estimates wait time.

5. Confirmation and Notifications:

The kiosk confirms the student's queue number. It also offers
options for receiving notifications, such as via SMS or through
a mobile app, to keep the student informed about their queue
status.

6. Waiting Comfortably:

The student can now comfortably wait in a designated waiting
area or anywhere on campus while monitoring their queue
status on theirmobile device or by revisiting the kiosk screen
for updates.

7. Service Access:

When it's the student's turn, they receive a notification
indicating it's time to proceed to the service desk.

8. Feedback Option:

The systemmay offer the opportunity for the student to provide
feedback about their queuing experience, which can help in
continuous system improvement.

Discussion and limitations

Technical Limitations: Infrastructure Constraints: DUT's
existing IT infrastructure may have limitations in terms of
server capacity, network bandwidth, or software compatibility,
which canimpactthe system’s scalability and performance.

Software Compatibility: Compatibility issues with different
devices and browsers may arise, potentially limiting the
accessibility and user-friendliness of the system for students
and staff.

Data Security Challenges:

Data Privacy Compliance: Adheringto dataprivacy regulations
(e.g., GDPR, FERPA) is crucial, and any oversight could result
in legal and ethical repercussions. Ensuring compliance may
require additional resources and expertise.

Cybersecurity Threats: Protecting sensitive student and
institution data from cyberattacks is essential. Continuous
monitoring and security measures are necessary, and there is
always a risk of potential breaches.

User Adoption and Training:

User Acceptance: Resistance to change among students,
faculty, and staffmay hinderthe adoption of the new system.
Overcoming this resistance will require effective
communication and training programs.

Budget and Resource Constraints:

Financial Limitations: Developing and maintaining a
sophisticated online queuing system can be costly. DUT's
budget constraints may limit the extent to which the system can
be developed and maintained.

Resource Allocation: Allocating dedicated staff and IT
resources for system development, maintenance, and
troubleshooting may strain existing resources.

Scalability Challenges:

Server Load: Ensuringthe system can handle peak usage times,
such as registration periods, without performance degradation
is crucial but may pose scalability challenges.

Integration with Existing Systems:

Compatibility with Legacy Systems: Integrating the new
queuing system with DUT's existing student information
systems and other platforms may be complex and time-
consuming, potentially causing delays.

Student Experience and Accessibility:

User Interface Design: Creatingan intuitive andaccessible user
interface that caters to diverse user needs and abilities can be
challenging.

Accessibility Compliance: Ensuring that the system adheres to
accessibility standards (e.g., WCAG) is essential but may
require additional design and development efforts.

Ongoing Maintenance and Support:

System Updates: Regular updates and maintenance will be
necessary to keep the system running smoothly, which can
strain IT resources and budgets.

User Support: Providing adequate user support and addressing
technical issues promptly is crucial for maintaining a positive
user experience.

Testing and Validation: Comprehensive testing for the system's
functionality, security, and usability is essential. Inadequate
testing can lead to unforeseen issues after deployment.

Navigating these limitations while developing the online
queuing system at DUT 1is crucial for its successful
implementation and long-term effectiveness in improving
efficiency, student experience, data security, and scalability.

This study unveiled a significant correlation between queue
responsiveness and user satisfaction. Specifically, shorter
virtual wait times were consistently associated with higher
levels of user contentment. This study contributes to service
quality literature by empirically confirming the fundamental
role of wait times in shaping user perceptions. The results
extend the understanding of how digital queues parallel
traditional service encounters in influencing customer
satisfaction. a promising avenue forresearch could explore the
impact of personalized notifications on user engagement in
virtual queues. This aligns with our study's emphasis on
optimizing the online queueing experience for users. a
promising avenue for research could explore the impact of
personalized notifications on user engagement in virtual
queues. Thisaligns with this study'semphasis on optimizing the
online queueing experience for users. Guided by the findings,
this research proposes that virtual queueing system developers
prioritize strategies to minimize wait times, such as real-time
notifications. This practical recommendation stems directly
from the data, aiming to enhance overall user satisfaction.
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IV. CoNCLUSION

In summary, this research paper has examined how virtual
queue systems could have a transformative impact on
university campuses. It explores how these systems could
revolutionize the way waiting processes are managed for both
studentsand staff. By eliminating physical queues, these digital
solutions offer the potential for improved efficiency and better
user experiences within campus settings. The anticipated
advantages include real-time notifications, data analytics, and
customization options that can help optimize resource
allocation and ensure universities can adapt seamlessly to
changing demands, especially during busy periods like course
registration or administrative appointments.

However, the research paper also highlights the important
difficulties that need to be addressed to fully unlock the
potential of queuing systems on university campuses. These
challenges include managing resources effectively, ensuring
scalability, and protecting data privacy. All these factors play a
crucial role in providinga secure and convenient experience for
campus users usingan online queueing system. To achieve this,
it is necessary to develop advanced algorithms, implement
dynamic scalability measures, create user-friendly interfaces,
and establish robust authentication and communication
mechanisms that cater specifically to the academic
environment. Additionally, continuous training and
optimization of the system are essential for maintaining
efficiency and ensuring user satisfaction within a hypothetical
campus scenario.

In conclusion, this research highlights the needto finda balance
between efficiency, data security, and scalability when
considering virtual queue systems in universities. By
addressing these challenges and implementing the suggested
solution, educational institutions have the potential to reduce
waiting times for students and staff while ensuring a smooth
and secure experience. This will enhance their competitiveness
and meet the changing expectations ofthe campus community.
As a digital transformation in educational services is witnessed,
effective queuing systems have become an essential tool for
universities to stay competitive and user focused.
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