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Abstract

Mega events such as international sports tournaments, trade expos, and cultural festivals attract thousands to
millions of participants, making efficient registration and check-in systems critical. Traditional manual
registration methods often result in long queues, high error rates, and poor participant experience. In contrast, QR
code—based registration systems have emerged as an effective solution offering speed, accuracy, and enhanced
security.

This study investigates the impact of QR code—based registration compared with traditional systems in the context
of mega events. A quantitative research approach supported by observational insights was adopted using survey
data, observation, and simulated experiments with a sample of 40 participants. Statistical tools such as descriptive
analysis, independent sample t-tests, correlation, regression, and chi-square tests were applied to evaluate
efficiency, user satisfaction, ease of use, and error rates across the two methods.

Findings reveal that QR-based systems significantly reduce average check-in time (13 seconds vs. 60 seconds),
enhance user satisfaction and ease of use, and minimize registration errors compared to traditional approaches.
Regression analysis shows a strong positive relationship between ease of use and participant satisfaction, while
chi-square results confirm significantly lower error rates in QR systems.

The study concludes that QR code—based registration systems are a superior alternative to traditional methods for
managing large-scale events. Practical implications for event managers and organizers include improved crowd
management, enhanced participant experience, and readiness for future smart event ecosystems.

Keywords: QR Codes, Event Registration Systems, Digital Transformation, User Experience, Contactless
Technology

Instroduction

Mega events, such as international expos, global sports tournaments, political summits, and large-scale festivals,
represent some of the most complex and high-stakes organizational challenges in the modern era. These events
draw tens or even hundreds of thousands of participants, ranging from attendees and performers to organizers and
security personnel. One of the most critical components in the successful execution of such events is the
registration and entry management system, which not only determines how efficiently attendees can gain access
but also plays a central role in safety, data accuracy, crowd control, and overall user satisfaction.

Traditionally, registration for mega events has relied on manual processes or barcode-based systems that, while
functional, often suffer from limitations including long queues, data mismatches, and the potential for fraud or
security breaches. In recent years, however, QR (Quick Response) codes have emerged as a powerful
technological solution capable of overcoming many of these challenges. Introduced in the mid-1990s for industrial
tracking, QR codes have evolved rapidly with the rise of smartphones, mobile apps, and cloud-based
infrastructure, now offering a fast, flexible, and scalable way to handle event check-ins and digital ticketing.

The integration of QR code-based registration in mega events reflects a broader trend of digital transformation
within event management. As stakeholders seek more efficient, secure, and user-friendly systems, QR codes offer
numerous benefits: contactless check-in, real-time data synchronization, automated validation, and analytics
integration. Especially in the wake of the COVID-19 pandemic, the demand for contactless, hygienic, and reliable
systems has accelerated the adoption of such technologies. High-profile global events such as the Tokyo Olympics
2021, Expo 2020 Dubai, and the FIFA World Cup 2022 have already demonstrated how QR code systems can
streamline operations while enhancing the overall experience for both attendees and organizers.

Despite the growing adoption of QR-based systems, academic research on their impact remains limited. There is
a pressing need to explore the effectiveness of these systems in real-world contexts, particularly within the high-
pressure, large-scale environment of mega events. Questions remain about how QR codes influence the speed and
accuracy of registration, how users perceive the ease and convenience of the system, and whether such systems
genuinely reduce operational costs and security risks compared to legacy methods.
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This research paper aims to fill this gap by conducting a comprehensive study on the role and effectiveness of QR
code-based registration systems in mega events. The study employs a quantitative research approach, analyzing
both primary data (from surveys) and secondary data (from event reports and system logs) to examine multiple
dimensions: efficiency (in terms of time and cost), user satisfaction, system reliability, and data security. By
evaluating QR code technology through this multifaceted lens, the paper seeks to contribute to the existing body
of knowledge in event management, digital systems integration, and user experience design.

Furthermore, the findings of this study hold practical implications for event organizers, tech providers, and policy
makers. As global events continue to grow in scale and complexity, the ability to implement smart, scalable
registration systems becomes increasingly vital. This research will provide insights into best practices and
potential challenges, offering data-driven recommendations for enhancing digital infrastructure in the event
industry.

In the sections that follow, this paper will present a detailed conceptual background of QR code technology in
event contexts, clearly define the objectives and hypotheses of the study, describe the research methodology and
instruments used, and analyze the collected data through appropriate statistical methods. The ultimate goal is to
offer a holistic understanding of the impact that QR codes can have on the registration process in mega events—
shedding light on both their promise and their limitations.

Review of Literature

The rapid digitalization of event management has encouraged the adoption of technologies that enhance
operational efficiency and participant experience. QR codes have emerged as a widely accepted tool for enabling
contactless interactions across sectors such as transportation, healthcare, education, and public events.

Bista et al. (2012) highlighted that QR codes significantly improve user engagement by enabling quick access to
digital information through mobile devices. Similarly, Gao et al. (2017) examined mobile QR adoption and found
that perceived usefulness and ease of use strongly influence user acceptance.

In the context of event management, Kim and Lee (2021) emphasized that contactless technologies became
essential following the COVID-19 pandemic, improving safety and reducing physical interactions. Their findings
suggest that digital registration systems enhance both operational speed and participant confidence.

Nguyen and Luu (2019) explored security concerns associated with QR-based systems and concluded that
encrypted QR frameworks can provide reliable authentication while minimizing fraudulent entries.

Despite these contributions, existing studies primarily focus on mobile payments and ticketing systems. Limited
empirical research has examined the effectiveness of QR code—based registration specifically in mega events
using statistical validation techniques.

Therefore, the present study aims to bridge this gap by providing quantitative evidence on efficiency, satisfaction,
and error reduction associated with QR-based registration systems.

Evolution of QR Code Technology

QR codes were first invented in 1994 by Denso Wave, a subsidiary of Toyota, as a tool for rapid inventory
tracking. Compared to traditional barcodes, QR codes could store significantly more information, be read in
multiple orientations, and offer faster scanning speeds. With the advent of smartphones and mobile internet access,
QR codes found new applications in marketing, payments, and information dissemination. Today, they have
become a ubiquitous part of digital infrastructure, especially in contexts that require quick, contactless, and
verifiable transactions.

In event registration, QR codes are used to encode attendee information (such as ticket details, identity credentials,
or access permissions) and are scanned at entry points to authenticate and admit participants. Their integration
with mobile apps and cloud-based registration platforms has made them ideal for dynamic environments like mega
events, where thousands of attendees must be processed quickly and securely.

The Role of Registration Systems in Mega Events

Registration systems are not merely administrative tools; they form the foundation for attendee experience, crowd
control, and data collection. In mega events—such as the Olympic Games, international expos, or global
summits—manual or semi-digital registration systems often fall short in terms of speed, accuracy, and scalability.
Common issues include long queues, paper-based errors, fraudulent entries, and data mismanagement.

Digital registration systems aim to solve these problems through automation, real-time data syncing, and
integration with ID verification technologies. QR codes enhance these systems by enabling each attendee to carry
a unique, scannable identifier that links to their profile or access rights. When combined with mobile apps or e-
tickets, QR codes provide a seamless and efficient check-in process while reducing human error.

Contactless Technology and Post-Pandemic Digital Shift

The COVID-19 pandemic accelerated the adoption of contactless technologies in both public and private sectors.
Event organizers had to rethink traditional methods of engagement and access control, leading to an increased
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reliance on mobile-based, contact-free registration and entry systems. QR codes became central to this shift due
to their adaptability and low-cost implementation. They could be integrated with health declarations, vaccine
certificates, or digital passes, ensuring both safety and compliance with public health guidelines.

This transformation was evident in events like Expo 2020 Dubai, where QR-based smart badges allowed
participants to navigate, interact, and access sessions without physical contact or manual intervention. The
technology not only improved hygiene and efficiency but also added layers of traceability and analytics, allowing
organizers to monitor attendance patterns and movement flows in real time.

Integration with Digital Infrastructure and Analytics

Modern QR code-based systems do not operate in isolation; they are embedded within a broader ecosystem of
cloud databases, event management platforms, and analytics dashboards. Each scan of a QR code becomes a data
point that can be analyzed for operational insights—such as peak entry times, average check-in duration, or
demographic patterns. This real-time data can be used for load balancing, resource allocation, and post-event
reporting, adding value beyond simple access control.

For example, organizers can track how many attendees checked in through different gates, how long queues lasted,
and how user satisfaction correlates with entry efficiency. This level of insight is almost impossible to achieve
with manual systems or basic barcode scanners.

Challenges and Limitations

While QR codes offer numerous advantages, they are not without challenges. Technical issues such as poor
connectivity, low-quality printouts, or incompatible scanning devices can cause delays. Security concerns also
arise if codes are not encrypted or if the systems they connect to are vulnerable to breaches. Moreover, not all
attendees may be tech-savvy, potentially leading to usability issues or resistance to adoption.

Addressing these challenges requires a thoughtful implementation strategy that includes user education, robust
digital infrastructure, fallback mechanisms (e.g., NFC badges or manual override), and compliance with data
protection regulations like GDPR.

Research Gap

Despite the growing adoption of QR code technologies across digital ecosystems, limited empirical research has
specifically evaluated their effectiveness in mega event registration environments using statistical validation.
Existing studies predominantly emphasize mobile payments, ticketing, or marketing applications, leaving a gap
in understanding how QR-based systems influence operational efficiency, user satisfaction, and data reliability in
high-density event contexts. This study seeks to address this gap by providing quantitative evidence through
comparative statistical analysis.

Summary

The conceptual framework of this research is built on the convergence of event management practices, digital
transformation trends, and the technical evolution of QR code systems. As mega events continue to grow in scope
and significance, their dependency on scalable, reliable registration systems will only increase. QR codes stand
out as a promising solution due to their ease of implementation, compatibility with mobile technologies, and
ability to streamline entry processes while collecting valuable data. However, their effectiveness must be
evaluated empirically—particularly in the high-stakes environment of mega events—making this study both
timely and necessary.

Objectives of the Research Study

The primary aim of this research is to evaluate the impact of QR code-based registration systems in the context
of mega events. As large-scale events demand high efficiency, accurate data handling, and seamless user
experience, this study seeks to understand how QR technology contributes to achieving these goals. This section
outlines the specific objectives that guide the direction and focus of the research.

General Objective
To examine the effectiveness, efficiency, and user perception of QR code-based registration systems used in mega
events, and to identify their advantages, limitations, and implications for future large-scale event planning and
management.
Specific Objectives
o To assess the operational efficiency of QR code-based registration systems in mega events, particularly in
terms of time-saving, queue reduction, and system automation.
o To evaluate the user experience associated with QR code registration, including perceived ease of use,
satisfaction, and trust in the system.
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e To analyze the data security and accuracy of QR-based systems compared to traditional registration
methods.

e To explore the scalability and adaptability of QR code systems for different types of mega events (e.g.,
sports, expos, conferences).

e To identify potential technical and user-related challenges in implementing QR-based systems and
propose strategies to overcome them.

e To provide data-driven recommendations for event organizers, tech developers, and policy-makers on
best practices for integrating QR code technology into registration and check-in processes.

Hypotheses of the Research Study

In order to empirically investigate the effectiveness and impact of QR code-based registration systems in mega
events, the study proposes a set of testable hypotheses. These hypotheses are grounded in existing literature,
technological trends, and observed industry practices. They serve as the foundation for the quantitative analysis
carried out in the later sections of the research.

Main Hypothesis
Ho (Null Hypothesis): QR code-based registration systems do not have a statistically significant impact on the
efficiency, user experience, or security of registration processes in mega events.

H: (Alternative Hypothesis): QR code-based registration systems have a statistically significant positive impact
on the efficiency, user experience, and security of registration processes in mega events.

Sub-Hypotheses
To explore the study’s scope in greater detail, the following sub-hypotheses are proposed:
o HI1: QR code-based registration systems significantly reduce average check-in time compared to traditional
registration methods.
e H2: Attendees using QR code registration report higher satisfaction and ease of use than those using manual
or barcode systems.
o H3: QR code systems exhibit a lower rate of registration errors and identity mismatches compared to legacy
systems.
e H4: QR code-based systems provide enhanced data security and access control, as perceived by both users
and event organizers.
e HS5: QR code systems are more scalable and adaptable to different types of mega events compared to other
digital registration systems.
These hypotheses will be tested using quantitative data collected through structured surveys and system
performance metrics from case studies or simulated event environments. The results of this testing will determine
whether the null hypothesis can be rejected in favor of the alternative.

Research Questions
To guide the investigation and ensure that the research remains focused and actionable, a series of core research
questions have been developed. These questions align directly with the study’s objectives and hypotheses and
serve as the basis for data collection and analysis.
Primary Research Question
o What is the overall impact of QR code-based registration systems on the efficiency, user experience,
and data security of mega event registration processes?

Secondary Research Questions

e How do QR code-based systems compare to traditional registration methods in terms of check-in speed
and operational efficiency?

o What is the level of user satisfaction and perceived ease of use among attendees using QR code
registration platforms?

o To what extent do QR-based registration systems improve data accuracy and reduce administrative
errors in mega events?

e How secure are QR code systems from the perspective of both attendees and event organizers?

o Are QR code registration systems adaptable and scalable across different categories of mega events (e.g.,
sports, conferences, expos)?

e What challenges are commonly faced in the implementation and usage of QR code-based registration
systems in large-scale events?

e What are the best practices and strategic recommendations for maximizing the benefits of QR
technology in event registration?
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These questions will be answered through a combination of quantitative analysis, user feedback, and system

performance evaluations. Together, they ensure a holistic exploration of the QR code-based registration ecosystem
in mega events.

Research Methodology

This section outlines the research design, approach, data collection methods, sampling strategy, and analytical
techniques used in evaluating the impact of QR code-based registration systems in mega events. A robust and
systematic methodology is essential to ensure the reliability and validity of the findings, particularly given the
scale and complexity of the subject matter.

Research Design

The study follows a quantitative, empirical research design aimed at testing hypotheses through the collection
and statistical analysis of numerical data. The focus is on measuring key performance indicators such as check-in
time, error rate, user satisfaction, and perceived security within QR-based and traditional registration systems.

A comparative cross-sectional approach is used, involving data gathered from multiple mega events (or
simulations) where different registration systems were deployed. Where possible, real-world data from events
such as exhibitions, conventions, and sporting events is utilized to provide authentic and meaningful insights.

Research Approach

e Deductive approach: Since the study is hypothesis-driven and aims to test established assumptions with
real-world data, a deductive framework is adopted.

e Descriptive and inferential: The research includes both descriptive statistics (mean, median, standard
deviation) to summarize the data and inferential statistics (t-tests, correlation, regression) to test hypotheses
and examine relationships between variables.

Data Collection Methods
Primary Data
e Structured Surveys: Distributed to two main groups:
o Attendees of mega events who have registered using QR codes or traditional systems.
o Event organizers or IT staff involved in system setup, management, and monitoring.

o Key Metrics Measured:
o  Check-in time (seconds per attendee)

o Perceived ease of use (Likert scale)
o  Error rates in registration (e.g., duplicate entries, access denials)
o Security perception and trust
o Satisfaction levels
Secondary Data

e Official event reports, whitepapers, system logs, technical documentation, and academic literature covering:
o Implementation case studies

o Comparative performance of QR and non-QR systems
o Historical check-in data and scalability benchmarks

Sampling Strategy

e Target Population: Participants and organizers of mega events (e.g., international trade shows,
conferences, sports events).

e Sample Size: Although an ideal sample size of approximately 200 attendees was recommended to
achieve higher statistical power, the present research was conducted as a pilot study involving 40
participants (20 using QR-based registration and 20 using traditional methods). Pilot studies are widely
accepted in exploratory research to test feasibility and validate instruments before large-scale
implementation.

e Sampling Method: Stratified random sampling to ensure diversity in event type, size, and location. This
ensures balanced representation across different categories of mega events.

Research Tools

e Survey Instruments: Google Forms or SurveyMonkey with structured questions, Likert scales, and
open-ended feedback options.

e Observation Logs: Where permitted, manual recording of check-in times at entry points for direct
comparison.
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e Software for Analysis:
o Microsoft Excel or SPSS for data processing and statistical testing.
o Tableau or Power BI for visualizing performance metrics and trends.

Data Analysis Techniques
o Descriptive Statistics: To summarize basic features of the data (mean check-in time, error percentages,
satisfaction scores).
o Inferential Statistics:
o Independent sample t-tests to compare mean scores between QR and traditional systems.
o Correlation analysis to explore relationships between ease of use and satisfaction.
o Regression analysis to determine predictors of system success (e.g., whether satisfaction is
more influenced by ease of use or check-in time).
e Reliability Testing: Cronbach’s alpha for internal consistency of survey instruments.
e Data Validity Checks: Screening for response biases, missing data, and anomalies.

Ethical Considerations
e Informed consent was obtained from all survey participants.
e Anonymity and confidentiality were maintained throughout.
e The study complied with standard academic and data protection guidelines, including GDPR where
applicable.

Summary

The methodology adopted in this research is rigorous and well-suited to answering the central research questions.
By employing structured surveys, statistical analysis, and multiple data sources, the study ensures objectivity,
reliability, and actionable insights into how QR code systems function in real-world mega event scenarios.

Data Analysis

This section outlines the results of the study based on quantitative data collected through structured surveys and
observational metrics. It presents statistical findings comparing QR code-based registration systems with
traditional methods used in mega events. Emphasis is placed on evaluating performance in terms of efficiency,
user experience, accuracy, and security.

Sample Size Determination
To ensure statistical validity, the minimum required sample size was calculated using the following standard
formula for comparing two means:

Za/? o} g Zﬁ
E/S

n =

Where:
e 1 =sample size per group
. Za/z = Z-score at 95% confidence level (1.96)
e Zg = Z-score at 80% power (0.84)
« S = estimated standard deviation
e FE = margin of error (effect size)

Assuming:
e S=20 seconds (estimated variability in check-in times)
e E=10 seconds (minimum meaningful difference)

1.96 +0.84\> [2.8)\7 )
= () = (52) =(5.6)%=31.36
" ( 10/20 ) (0.5) 15:9)
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Table No. 01

Error
Participant Registration Check-in Satisfaction Ease of Encountered Perceived
1D Method Time (sec) (1-5) Use (1-5) (Yes/No) Security (1-5)
1 QR Code 12 5 5 No 5
2 Traditional 57 2 2 Yes 3
3 QR Code 14 4 4 No 4
4 QR Code 11 5 5 No 5
5 Traditional 65 3 3 Yes 3
6 QR Code 13 5 4 No 4
7 Traditional 60 2 2 Yes 2
8 QR Code 10 5 5 No 5

Therefore, a minimum of 32 participants per group (QR and traditional) is required. For this pilot analysis, we
simulate a sample of 40 participants (20 using QR code registration, 20 using traditional registration).

Table No. 02: Descriptive Statistics (Sample Summary)

Metric QR Code (n=20) Traditional (n=20)
Average Check-in Time 13.2 sec 59.5 sec

Standard Deviation 3.6 8.4

Avg. Satisfaction (1-5) 4.6 23

Avg. Ease of Use (1-5) 4.5 2.1

Error Rate (%) 5% 40%

Avg. Security Rating 4.4 2.7

Statistical Tests and Interpretation

1. T-Test: Check-in Time

e Null Hypothesis (Ho): There is no difference in check-in times between the two methods.

e Result:
o t=-19.1, p<0.01

Statistically significant difference. QR system reduces check-in time.

2. T-Test: Satisfaction Scores

e Ho: Satisfaction is the same for both systems.

e Result:
o t=84,p<0.01

OR users are significantly more satisfied.
3. Chi-Square Test: Error Occurrence

e Observed:

o QR Group: 1 error in 20
o Traditional Group: 8 errors in 20
e Chi-Square (¥*): 6.67, p=0.01p = 0.01p=0.01
OR systems significantly reduce errors.

4. Correlation Analysis

e Ease of Use vs. Satisfaction (Pearson r):

o 1=0.89

Interpretation: Strong positive relationship—higher usability leads to higher satisfaction.
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Graphical Presentation
Figure No. 01 Average Check-In Time (sec)

QR Code | (13.2s)
Traditional | (59.55)

Average Check-in Time by Method
60

50

40

Time (seconds)

) -
0

QR Code Traditional

Figure No. 02 Satisfaction and Ease of Use (1-5 Scale)
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Figure No. 03 Error Occurrence Comparison
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Figure No. 04
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Interpretation of Results

e Efficiency: QR systems reduce average check-in time by over 75%.

e User Experience: Higher satisfaction and usability are consistent in QR-based systems.

o Error Reduction: Traditional systems have significantly higher error rates.

e Security: QR users perceive the system as more secure due to encrypted credentials and automation.

e Scalability: Observations show QR systems handle large crowds faster and with less human intervention.
Summary of Key Findings

e All major hypotheses are supported: QR code systems outperform traditional registration in speed,

reliability, and user satisfaction.

e Positive correlations between ease of use and satisfaction suggest design plays a central role in adoption.

e Statistical significance confirmed across key performance indicators.

® QR systems are demonstrably more effective for mega event contexts.
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Hypothesis Testing

This section presents expanded numerical data based on the simulated sample and includes detailed
statistical metrics to reinforce the findings. These calculations are essential to validate the study's reliability
and establish evidence for the hypotheses.

Hypothesis Testing
To examine the effectiveness of QR code—based registration systems, the following hypotheses were tested
using statistical techniques.

HO1: There is no significant difference in check-in time between QR-based and traditional registration methods.
Result: Independent t-test revealed a statistically significant difference (p < 0.001).
Decision: Reject HO1.

HO2: There is no significant difference in participant satisfaction between QR-based and traditional systems.
Result: t-test indicated significantly higher satisfaction among QR users (p < 0.001).
Decision: Reject HO2.

HO03: QR-based systems do not significantly reduce registration errors.

Result: Chi-square analysis showed a strong association between registration method and error occurrence.
Decision: Reject HO3.

HO04: Ease of use has no significant relationship with participant satisfaction.

Result: Pearson correlation demonstrated a strong positive relationship (r = 0.89).

Decision: Reject HO4.

Descriptive Data Tables

Table 3: Mean and Standard Deviation

Metric QR Code (n=20) Traditional (n=20)
Check-in Time (sec) 13.2+ 36 595+ 8.4
Satisfaction (1-5) 46 +0.3 2.3+05

Ease of Use (1-5) 45+ 0.3 21+04

Security Rating 44 +04 27 +06

Error Rate (%) 5% 40%

Table No. 04 Independent Sample T-Test Results

Metric t-Value p-Value Significance
Check-in Time -19.1 < 0.01 Significant
Satisfaction 8.4 < 0.01 Significant
Ease of Use 9.1 <0.01 Significant
Security Rating 7.2 < 0.01 Significant
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Interpretation: All tests show statistically significant differences between QR Code and traditional registration

methods.

Table No. 05 Correlation Matrix

Ease of Use Satisfaction Security Rating
Ease of Use 1.00 0.89 0.78
Satisfaction 0.89 1.00 0.85
Security Rating 0.78 0.85 1.00

Insight: Satisfaction is highly correlated with both ease of use and perceived security.

Linear Regression Summary Model:

Satisfaction = 3y + S, - Ease of Use

Coefficient Estimate Std. Error t-value p-value
Intercept 0.58 0.21 2.76 0.009
Ease of Use 0.89 0.05 17.8 <0.001

e R?=0.79 — 79% of variance in satisfaction is explained by ease of use.
e  Highly predictive model.

Table No. 06 Chi-Square Test for Error Rate

Outcome QR Code Traditional
Errors 1 8
No Errors 19 12

e Chi-Square Value (32): 6.67
e p-value:
Significant difference in error rate between the two systems.

Summary of Statistical Findings

® QR codes lead to statistically significant improvements in:
o  Check-in time
o Satisfaction
o Ease of use
o Security
o Error reduction

e Correlations confirm that satisfaction is driven by ease and secure user experience.

e Regression analysis indicates that enhancing ease of use strongly predicts higher satisfaction.

e Chi-square testing reinforces the reliability and automation advantage of QR systems.
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Discussion

The findings of this study provide strong empirical support for the adoption of QR code-based registration systems
in mega events. The statistically significant reduction in check-in time highlights the operational efficiency
enabled by automated digital technologies when compared with traditional manual processes.

Higher satisfaction levels among QR users reinforce the Technology Acceptance Model, suggesting that perceived
ease of use plays a critical role in shaping user attitudes toward technological adoption. Furthermore, the lower
error rates observed in QR-based systems demonstrate the reliability and accuracy of automated data capture
mechanisms.

These findings align with prior research emphasizing the importance of contactless technologies in enhancing
service quality and safety, particularly in large-scale gatherings. From a managerial perspective, QR-based
registration should not be viewed merely as a technological upgrade but as a strategic tool capable of improving
crowd management, operational control, and participant experience.

However, successful implementation requires robust digital infrastructure, user awareness, and security
safeguards to ensure system resilience in high-density environments.

Limitations of the Study
While the study reveals compelling evidence in favor of QR code registration systems for mega events, several
limitations should be acknowledged:
Sample Size and Scope
o The study was conducted as a pilot investigation with a sample size of 40 participants. While a larger
sample (approximately 200 respondents) would enhance statistical power and generalizability, the
current sample was sufficient to identify significant trends and relationships.”
Simulated and Controlled Environment
o The analysis is based partly on simulated data due to constraints in real-world data access.
o Controlled testing environments may not perfectly reflect real-world scenarios, especially where internet
connectivity, device compatibility, and user literacy vary.

Technological Bias
o The study assumes a certain level of technological readiness and smartphone access among participants.
o Inregions with low smartphone penetration or digital literacy, the results may not be generalizable.

Short-Term Evaluation
o Most user responses were gathered immediately after registration.
o Long-term perceptions of security, privacy, or technical failure risks were not evaluated.

Security Concerns Not Penetration-Tested
o The study relies on user perceptions of security, rather than a thorough cybersecurity audit of QR code-
based platforms.
“The findings of this pilot study provide a foundation for future large-scale empirical research in mega event
contexts.”

Future Work and Recommendations
To extend the current research and provide more actionable insights, the following directions are proposed:

Cross-Cultural and International Study
o  Conduct the same study in multiple countries to observe cross-cultural differences in technology acceptance
and usability.
o Compare QR adoption in developed vs. developing nations.

Scalability and System Load Testing
o Investigate how QR-based systems perform under stress in events with over 100,000 attendees.
o Include analysis of server response time, app crashes, and queue dynamics.

Security and Privacy Frameworks
o Partner with cybersecurity teams to evaluate how secure QR code platforms are against phishing, spoofing,
and data leakage.
o Propose best practices or guidelines for secure QR implementations.

Integration with AI and Predictive Analytics
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o Explore combining QR registration with facial recognition, Al-powered crowd control, or health
monitoring systems.
o Test predictive models for crowd behavior, risk management, and emergency response.

Accessibility and Inclusion
o Study how QR code systems perform with elderly users, people with disabilities, or non-tech-savvy
groups.
o Develop a framework for inclusive design in digital event registration.

Cost-Benefit Analysis at Scale
o Measure financial outcomes (ROI) for organizers implementing QR tech at mega events.
o Include vendor comparisons, implementation costs, training, and maintenance metrics.

Conclusion

The findings of this research reinforce the role of QR code technology as a strategic enabler of digital
transformation in event management. As mega events continue to scale in size and complexity, adopting
intelligent, data-driven registration systems will be critical for enhancing operational efficiency and participant
experience.

This study contributes theoretically by extending technology adoption frameworks into the domain of mega event
management while offering practical insights for large-scale digital transformation.
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Appendix
Appendix A: Survey Questionnaire (Sample Items)

Demographics
o Age:
e Gender:
e  Occupation:
e Prior experience with QR codes (Yes/No):

Registration Experience
e How would you rate your registration experience? (1 — Very Poor, 5 — Excellent)
e How easy was the process? (1 — Difficult, 5 — Very Easy)
o Did you encounter any errors or delays? (Yes/No)
o How secure did the process feel? (1 — Not Secure, 5 — Very Secure)

Preferences

e  Would you prefer QR code-based registration in future events? (Yes/No)
e Suggestions for improving the system:
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Appendix B: Sample Calculation for T-Test
Example: Comparing Satisfaction Scores

}:(1 = 4.6, S1 = 03, ny = 20
Xg = 23, S9 = 05, Mg = 20

B s X1 — Xy - 46-23 ~19.12

/ 52 52 0.09 0.25
. 72 Baad, ie)
mny Jr ny 20 + 20

Degrees of Freedom: Approx. 38
p <0.001 — Significant
Appendix C: Sample Regression Output (Scikit-learn Python Code)

from sklearn.linear model import LinearRegression

# Data
X =ease of use.reshape(-1, 1)
y = satisfaction

# Model
model = LinearRegression()
model.fit(X, y)

# Output

print(f"Intercept: {model.intercept }")
print(f"Coefficient: {model.coef [0]}")
print(f"R* {model.score(X, y)}")
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