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the implementation of an loT-based system. The system included Real-Time Location Tracking, Smart
Queue Management, and a Device Utilization Tracker. Results from a two-month pilot phase in both
outpatient (OPD) and inpatient (IPD) departments showed a 41% reduction in average patient wait times,
a rise in medical equipment utilization from 56% to 82%, and a 67% decrease in patient misdirection
incidents. Paired t-tests revealed statistically significantimprovements (p < 0.01), and correlation analysis
(r = 0.79) confirmed a strong relationship between loT adoption and operational efficiency. Qualitative
findings highlighted reduced staff stress, improved workflow coordination, and enhanced communication.
The study validated the main hypothesis and all sub-hypotheses, confirming that 0T positively affects
medical error reduction, resource management, monitoring accuracy, patient satisfaction, and
emergency responsiveness. These findings are consistent with prior research and demonstrate the
effectiveness of 10T in improving healthcare service delivery.

1. INTRODUCTION

1.1. Background and Importance of the Problem

The healthcare sector worldwide is undergoing a period of rapid transformation driven by increasing demand for quality care,
aging populations, rising healthcare costs, and technological innovation (World Health Organization [WHO], 2020). Among these
trends, the Internet of Things (IoT) has emerged as a revolutionary tool that offers immense potential to address operational
inefficiencies and improve service delivery in hospitals. The integration of 10T into healthcare infrastructure enables the real-time
tracking of patients, monitoring of vital signs, intelligent allocation of medical equipment, and coordination among healthcare
professionals (Islam et al., 2015; Al-Muhtadi et al., 2022). These technological capabilities are particularly crucial in environments
where resources are scarce and demand is high - conditions that accurately describe many hospitals in Thailand (Pongpirul et
al., 2021).

In the Thai healthcare system, especially in the public hospital sector, there exists a persistent challenge in managing both
human and non-human resources efficiently. Common issues include prolonged patient waiting times, overcrowded outpatient
departments, limited availability of medical personnel, and underutilization of expensive medical equipment (Tangcharoensathien
et al., 2018). These inefficiencies often lead to delays in diagnosis and treatment, decreased patient satisfaction, increased
operational costs, and burnout among healthcare workers (Haddad et al., 2020). Addressing these issues through conventional
methods has yielded only marginal improvements, suggesting the need for a more innovative and systemic approach to healthcare
delivery (Khanna & Tan, 2021).

0T technologies present a compelling solution by enabling smart healthcare environments where devices, systems, and
stakeholders are interconnected through real-time data exchange (Gubbi et al., 2013). For example, loT-enabled patient
monitoring systems can continuously collect and analyze vital data, alerting healthcare providers of any anomalies and enabling
faster medical responses (Chen et al., 2019). Equipment tracking systems can minimize the time spent locating essential tools,
thereby increasing usage efficiency (Shah & Patel, 2020). Smart ward systems can monitor room occupancy, sanitation needs,
and environmental conditions, enhancing both safety and comfort for patients (Mukherjee et al., 2021). Moreover, loT-based
communication platforms can facilitate better coordination across departments, reducing redundancies and errors in medical
procedures (Sharma et al., 2020).

While developed nations have begun to integrate such systems into mainstream hospital operations, developing countries
like Thailand face several barriers to adoption. These include limited technological infrastructure, lack of trained personnel,
insufficient investment in digital health systems, and organizational resistance to change (Akanbi et al., 2022). Furthermore, there
is a significant gap in the academic literature regarding empirical studies on the implementation of loT solutions in Thai hospitals.
Most existing research either focuses on the technological feasibility of 10T in healthcare or provides generic models that lack
contextual customization for Thailand’s unique healthcare setting (Kijsanayotin, 2020).

The situation calls for a comprehensive, context-specific study that not only explores the theoretical benefits of 10T but also
designs, implements, and evaluates an loT-based system tailored to the operational realities of Thai hospitals. In particular, such
a study should focus on both inpatient and outpatient services, which represent the core operational areas of any hospital. The
study should aim to identify specific inefficiencies, propose appropriate 10T solutions, and assess the impact of these interventions
on key performance indicators such as service quality, patient satisfaction, cost-efficiency, and staff productivity (Al-Turjman et
al., 2020).

In light of these considerations, this research proposes to fill the gap by systematically investigating how IoT technologies
can be harnessed to improve hospital operations in Thailand. The study will contribute to both academic knowledge and practical
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implementation by developing a tailored 10T system prototype, testing it in a real-world hospital setting, and providing a framework
for its adoption and scalability. Ultimately, the findings are expected to offer strategic insights for healthcare administrators,
technology developers, and policymakers interested in leveraging digital innovation to transform healthcare delivery in Thailand
and similar contexts.

1.2. Research Question

1) What are the key factors of Internet of Things (1oT) relevant to hospital operations?
2) What are the major factors that influence the quality of patient care in hospitals?
3) How does the implementation of 10T affect the quality of patient care in hospitals?

1.3. Research Objective

1) To study the factors related to the Internet of Things (loT) in the context of hospital services.
2) To study the factors influencing the quality of patient care in hospitals.
3) To analyze the impact of 0T on the quality of patient care among hospital patients.

2. LITERATURE REVIEW
2.1. Related Concepts and Theories

2.1.1. Internet of Things (loT) in Healthcare

The Internet of Things (IoT) is defined as an interconnected ecosystem of physical objects—ranging from wearable devices
to complex medical machinery—embedded with sensors, software, and communication capabilities that enable them to collect,
transmit, and analyze data over the internet without human intervention (Gubbi et al., 2013). In the context of healthcare, 10T
represents a paradigm shift toward proactive and patient-centered care by enabling real-time monitoring, predictive analytics, and
intelligent automation of clinical tasks (Islam et al., 2015).

In hospital settings, 10T devices contribute significantly to operational efficiency and patient safety. For example, wearable
biosensors and remote monitoring systems continuously track patients’ vital signs such as heart rate, oxygen saturation, and
glucose levels, sending alerts to healthcare providers when abnormalities occur. Smart infusion pumps regulate drug delivery
based on patient data, reducing the risk of overdose. loT-enabled asset tracking systems allow hospital staff to locate critical
equipment such as ventilators or wheelchairs quickly, reducing delays in care delivery. Additionally, smart environmental sensors
monitor room conditions (e.g., temperature, humidity, air quality), ensuring optimal clinical environments for infection control and
patient comfort (Mukherjee et al., 2021). The integration of IoT into hospital information systems supports data-driven decision-
making, facilitates resource optimization, and contributes to continuous care improvement.

2.1.2. Hospital Service Quality Dimensions

Service quality in healthcare is a multidimensional construct that influences patient satisfaction, clinical outcomes, and
hospital reputation. The SERVQUAL model, developed by Parasuraman, Zeithaml, and Berry (1988), remains one of the most
widely used frameworks for evaluating service quality across five core dimensions: tangibles (physical facilities and equipment),
reliability (ability to perform promised services dependably), responsiveness (willingness to help patients promptly), assurance
(staff competence and trustworthiness), and empathy (individualized attention and care).

Incorporating IoT technologies can strengthen several of these dimensions, particularly reliability and responsiveness. For
instance, automated alerts and continuous monitoring enhance the reliability of clinical interventions, minimizing the likelihood of
human error. Real-time communication between medical staff through loT-enabled systems ensures prompt responsiveness to
emergencies or changes in patient conditions. Furthermore, the availability of accurate and timely data supports assurance by
equipping clinicians with evidence-based information for diagnosis and treatment. As hospitals integrate 10T solutions, service
delivery becomes more seamless, coordinated, and patient-focused—key indicators of enhanced service quality.

2.2. Literature Surveys

Several studies have explored the impact of 0T on hospital operations.

Liao and Lin (2020) evaluated an IT intervention for charging inpatient medical materials in a Taiwanese hospital. The system
improved billing accuracy and reduced administrative workload, demonstrating the benefits of IoT integration in hospital
operations.

Babu and A (2021) explored the use of IoT for monitoring equipment utilization in Intensive Care Units (ICUs). The system
provided real-time data on equipment usage, aiding in resource management and reducing downtime.

Hung et al. (2021) implemented an integrated intelligent sensing environment in long-term care facilities using 10T devices.
The system allowed for continuous monitoring of physiological and environmental data, enhancing patient safety and enabling
timely interventions.

Alabduljabbar (2022) developed "UrNext," an loT-aware system utilizing Bluetooth Low Energy (BLE) technology to manage
patient waiting times. The system provided real-time updates to patients, reducing uncertainty and improving satisfaction.
Implementation led to decreased waiting times and enhanced operational efficiency in outpatient clinics.

Lin et al. (2022) introduced an loT-based smart healthcare system integrating wearable devices and location-based mesh
networks to monitor elderly patients. The system enabled real-time tracking of health parameters and activity patterns, facilitating
early detection of health risks and improving care quality.

Abdulrazak et al. (2024) analyzed the impact of advanced loT technologies on nursing practices. The study highlighted
improvements in patient monitoring, reduced hospital stays, and increased patient satisfaction through the adoption of smart
nursing systems.
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2.3. Conceptual Framework

Independent Variables Dependent Variable

Demographic Factors

-Gender

Age Quality of Patient Care

-Educational Level -Medical Errors

Marital Status -Efficiency of Medical Resource

-Occupation Management

Monthly Salary -Accuracy of Monitoring

~Place of Origin -Patient Satisfaction

-Responsiveness to Emergency Situations

Internet of Things (I0T)

Figure 1: Conceptual framework.
2.4. Research Hypothesis

2.4.1. Main Hypothesis (H1)

The use of Internet of Things (I0T) technology influences the quality of patient care.

2.4.2. Sub-Hypotheses

Hia: The use of Internet of Things (loT) affects the medical errors in patient care process.

Hib: The use of Internet of Things (loT) affects the efficiency of medical resource management in hospitals.

Hic: The use of Internet of Things (I0T) affects the accuracy of monitoring patient status and health information.

Hia: The use of Internet of Things (loT) affects the patient satisfaction with healthcare services.

Hie: Real-time data collection through the Internet of Things (loT) affects the responsiveness to emergency situations
involving patients.

3. RESEARCH METHODOLOGY

3.1. Research Design

This research employs a quantitative, correlational research design using multiple regression analysis to examine the
influence of demographic factors (X1) and the use of Internet of Things (loT) technology (X2) on the quality of patient care (Y).
The study is grounded in a positivist paradigm, aiming to objectively test hypotheses through statistical methods. The independent
variables include demographic characteristics (gender, age, education, marital status, occupation, income, and place of origin)
and the level of 10T integration in hospital processes. The dependent variable, quality of patient care, is measured across five
dimensions: medical errors, resource management efficiency, monitoring accuracy, patient satisfaction, and responsiveness to
emergencies.

This study is explanatory in nature, seeking to determine how much variance in patient care quality can be explained by both
personal demographics and the implementation of loT. The research design allows for the testing of one main hypothesis and
five sub-hypotheses through structured data analysis procedures.

3.2. Population and Sample

The population for this study consists of hospital staff and medical personnel from departments where the 10T system has
been implemented, including the In-Patient Department (IPD), Out-Patient Department (OPD), and Emergency Unit of a tertiary
care hospital in Thailand. These individuals are directly involved in patient care and device management, making them key
informants for understanding the relationship between loT usage and service outcomes.

A stratified random sampling technique was employed to ensure representation across various staff categories (e.g., doctors,
nurses, technicians, and administrative officers). A total of 200 respondents were selected based on sample size guidelines for
multiple regression (Hair et al., 2010), ensuring sufficient statistical power. The inclusion criteria required participants to have at
least six months of experience at the hospital and direct exposure to loT-based systems in their workflow.

3.3. Research Instruments

Data were collected using a structured questionnaire, consisting of three parts:

Part 1: Demographic Data (X1)

Items collected included gender, age group, highest education level, marital status, occupation, monthly income, and place
of origin (rural/urban).

Part 2: Internet of Things (loT) Utilization (X2)

This section measured the extent to which IoT technologies (e.g., Real-Time Location System, Smart Queue Management,
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and Device Utilization Tracker) were used in daily operations. Respondents rated their agreement with statements on a 5-point
Likert scale (1 = Strongly disagree to 5 = Strongly agree).
Part 3: Quality of Patient Care (Y)
This section comprised five sub-dimensions:
Medical errors (e.g., frequency of missed or incorrect diagnoses).
Resource efficiency (e.g., timely access to equipment).
Accuracy of patient monitoring (e.g., vital signs tracking).
Patient satisfaction (e.g., wait times, communication).
Emergency responsiveness (e.g., time to act in critical cases). Each sub-dimension was assessed using 3-5 Likert-scale
items validated by domain experts.
The questionnaire was tested for content validity (using Item-Objective Congruence Index) and reliability (Cronbach’s alpha
coefficients > 0.80 for all subscales).

grODE

3.4. Data Collection

The data collection process took place over a 4-week period. After obtaining ethical approval and informed consent from
participants, questionnaires were distributed both online and in-person. To enhance response rates, reminders were sent weekly
and assistance was provided for any clarifications during the completion process. Additionally, institutional records were reviewed
to confirm some self-reported data on patient care metrics (e.g., number of medical errors, equipment usage logs). All responses
were anonymized to protect participant confidentiality.

3.5. Statistics Used for Data Analysis

The data were analyzed using SPSS (version 28). Descriptive statistics (frequencies, means, standard deviations) were first
used to summarize demographic profiles and general trends. Next, Pearson correlation coefficients were calculated to assess
bivariate relationships between independent variables and each dimension of patient care quality.

For hypothesis testing, multiple linear regression analysis was employed. The dependent variable (Y: quality of patient care)
and its subcomponents were regressed on the two sets of predictors:

X1: Demographic factors (entered as dummy-coded or interval variables as appropriate).

X2: 10T system usage score (composite mean score from Part 2 of the questionnaire).

Regression diagnostics such as multicollinearity (VIF), normality of residuals, and homoscedasticity were checked to ensure
validity of results. The coefficient of determination (R2) and standardized beta coefficients (3) were used to interpret effect sizes,
while p-values (< .05) indicated statistical significance.

4. DATA ANALYSIS AND FINDINGS

4.1. Introduction

This chapter presents the results derived from both qualitative and quantitative data to assess the impact of Internet of Things
(IoT) technology and demographic factors on the quality of patient care. The study utilized a mixed-method approach: qualitative
data were gathered through in-depth interviews and analyzed thematically, while quantitative data were collected through
structured questionnaires and analyzed using multiple regression techniques. The findings are organized into three main sections:
qualitative data analysis, quantitative data analysis, and a summary of results.

4.2. Data Analysis of the Qualitative Data

To understand the operational inefficiencies in hospital settings and guide the development of the 10T system, in-depth, semi-
structured interviews were conducted with three key hospital personnel: a senior nurse in the Outpatient Department (OPD), a
biomedical technician, and a patient registration officer. The purpose was to identify specific pain points in their daily operations
and evaluate perceived changes following the system’s implementation.

The data were analyzed using thematic content analysis, which involved systematically coding the interview transcripts,
grouping codes into themes, and interpreting the patterns that emerged in relation to the research objectives. The analysis was
categorized into two phases: pre-implementation and post-implementation of the l10T system.

4.2.1. Pre-Implementation Themes

1) Patient Tracking Issues

The senior nurse reported frequent delays in locating patients. She described how, during busy hours.

“We sometimes had to send staff to physically search different departments when patients missed their queue or were
redirected wrongly.” This inefficient process disrupted patient care continuity and contributed to longer wait times.

2) Device Mismanagement and Resource Conflict

The biomedical technician highlighted underutilization and poor coordination of equipment.

“There were times when three doctors would request the same X-ray machine, while another portable unit wasn’t used at all.
We lacked visibility into real-time device availability.” This inefficiency led to scheduling conflicts and idle periods for critical medical
devices.

3) Inefficient Queue Flow and High Workload

The registration officer noted that the paper-based queuing system was prone to human error.

“Patients occasionally got skipped or queued twice. Some left out of frustration, and it was difficult to manage complaints
without digital records.” Manual tracking of queues also placed a high administrative burden on front-desk staff.

4) Stress, Miscommunication, and Workflow Bottlenecks

All three participants mentioned that communication among departments was inconsistent and often delayed. The nurse
stated.

“Phone calls and word-of-mouth updates slowed down response time, especially in emergencies.” These breakdowns
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increased staff stress and caused overlapping responsibilities and delays.

4.2.2. Post-Implementation Themes

1) Enhanced Patient Tracking via RTLS

The RTLS module allowed staff to track patient movement from arrival to discharge. The senior nurse commented.

“We no longer waste time locating patients. | can see their exact location and status from my terminal.”
This system reduced delays and prevented patient misdirection, contributing to smoother workflows and reduced wait times.

2) Optimized Resource Scheduling

With the Device Utilization Tracker, the biomedical technician reported better equipment management.

“Now | get alerts on idle machines and usage stats. It’s easier to allocate devices where they’re needed most.” The improved
scheduling led to higher utilization rates and fewer conflicts in equipment reservations.

3) Automated Queue Management

The registration officer observed that Smart Queue Management significantly improved the registration process.

“Patients get real-time updates on their queue status via SMS. It's reduced confusion and complaints.” The digital system
ensured fairness and accuracy while easing the workload on front-line staff.

4) Staff Empowerment and Satisfaction

All interviewees expressed increased confidence and reduced stress. The nurse mentioned feeling.

“Less rushed and more in control,” while the technician appreciated “not having to chase down device logs manually.” These
comments indicate higher job satisfaction and better team coordination.

Table 1: Summary of content analysis findings.

Theme Pre-implementation insight Post-implementation change

Patient tracking Manual search and delays in locating RTLS enabled real-time visibility and faster care
patients coordination

Equipment utilization Poor scheduling and idle time Automated tracking improved availability and

usage efficiency

Queue management Confusion, skipped queues, paper-based Smart Queue system increased fairness and
system reduced patient complaints

Communication & workload Frequent miscommunication, phone calls, Streamlined workflows, digital alerts, and
high stress improved team morale

The qualitative data clearly reinforce the hypothesis that 10T systems enhance operational efficiency and care quality. The
insights obtained from frontline healthcare staff were instrumental in identifying design requirements for the IoT modules and in
evaluating their effectiveness after implementation. By applying thematic content analysis, this study illustrates how digital
transformation in healthcare not only improves metrics but also elevates the lived experience of hospital staff.

4.3. Data Analysis of the Quantitative Data
4.3.1. Descriptive Statistics

Data were collected from 200 hospital staff members, with demographic results summarized as follows:
Gender: 60% female, 40% male.
Age Groups: 35% aged 21-30, 45% aged 31-40, 20% above 40.
Education: 65% bachelor’'s degree, 25% diploma, 10% postgraduate.
Occupations: 45% nurses, 25% doctors, 20% technicians, 10% administrative staff.
Monthly Salary: Range between 15,000—45,000 THB.

Place of Origin: 60% urban, 40% rural.
The average rating for IoT system usage was 4.1/5, indicating generally positive adoption. The mean scores for patient care
quality dimensions (on a 5-point scale) were:

e Medical Errors: 2.1 (low frequency).
Resource Efficiency: 4.0.
Monitoring Accuracy: 4.2.

Patient Satisfaction: 3.9.
Emergency Responsiveness: 4.1.

4.3.2. Inferential Statistics
4.3.2.1. Hypothesis Testing using Multiple Regression Analysis

To test the relationship between the independent variables (X1: demographic factors and X2: loT usage) and the dependent
variable (Y: quality of patient care), multiple linear regression was conducted. The regression model was statistically significant
(F(8, 191) = 12.45, p < 0.001), explaining 47% of the variance (R? = 0.47) in patient care quality.

4.3.2.2. Key Findings

e |oT Usage (X2) showed the strongest positive effect (8 = 0.63, p < 0.001), confirming that increased use of l0T technologies
leads to higher patient care quality.

e Educational Level had a significant effect (3 = 0.18, p = 0.03), indicating that more educated staff perceived and utilized
the system more effectively.
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e Age had a mild negative correlation (f =-0.11, p = 0.07), suggesting that younger staff adapted more easily to 10T systems.

e Gender, marital status, income, and origin were not significant predictors (p > 0.10), suggesting limited influence on system
usage or perception of care quality.

4.3.2.3. Sub-Hypotheses Results

Hia (Medical Errors): 10T usage significantly reduced medical errors (8 = -0.41, p < 0.001).
Hip (Resource Management Efficiency): Strong positive relationship (8 = 0.52, p < 0.007).
Hic (Monitoring Accuracy): Significant improvement (8 = 0.47, p < 0.001).

Hid (Patient Satisfaction): Moderate correlation (8 = 0.39, p = 0.002).

Hie (Emergency Responsiveness): Strong association (8 = 0.44, p < 0.001).

Table 2: Comparison between pre- and post-implementation metrics.

Indicator Before loT After IoT % Improvement
Avg. wait time (Mins) 87 51 41%
Device utilization (%) 56 82 46%
Misdirection cases (Per month) 42 14 67%

Staff coordination (Likert) 3.1 4.2 +1.1 points

4.3.3. Pre- and Post-Implementation Metrics Comparison

Statistical tests confirmed significant improvements (p < 0.01) in these indicators. The correlation coefficient between loT
adoption and care efficiency was r = 0.79, denoting a strong, positive relationship.

4.4. Summary of the Results

This chapter provided a comprehensive analysis of the collected data. Key findings indicate that the integration of IoT
technologies significantly enhances various aspects of healthcare delivery. The qualitative insights highlighted previous system
inefficiencies and validated that the implemented solutions (RTLS, Smart Queue, and Device Tracker) addressed staff pain points.
Meanwhile, quantitative analysis demonstrated statistically significant improvements in patient care quality, particularly in
efficiency, monitoring accuracy, and responsiveness. The multiple regression model confirmed that 10T adoption is a robust
predictor of improved care quality. Demographic factors such as education level and age had a secondary but notable influence,
while gender and income played minimal roles. These findings offer strong evidence in support of the main hypothesis (H1) and
all sub-hypotheses (Hla—H1e), reinforcing the value of 10T technologies in modern hospital management.

5. CONCLUSION, DISCUSSION, AND RECOMMENDATION
5.1. Conclusion

This study investigated the impact of Internet of Things (loT) integration on the quality of patient care in hospital settings
through a mixed-method approach. A prototype 10T system, comprising Real-Time Location Systems (RTLS), Smart Queue
Management, and a Device Utilization Tracker, was deployed over a two-month pilot period in both Inpatient (IPD) and Outpatient
(OPD) departments.

Quantitative findings demonstrated measurable improvements across multiple metrics: average patient wait time decreased
by 41%, device utilization rose to 82%, and incidents of patient misdirection fell by 67%. Paired t-tests confirmed statistically
significant improvements in service delivery. Qualitative data supported these results, revealing enhanced staff coordination,
reduced administrative burden, and improved morale post-implementation.

The study’s main hypothesis—that 10T technologies positively influence the quality of patient care—was supported through
both empirical evidence and thematic insights. Sub-hypotheses related to medical errors, efficiency, monitoring accuracy, patient
satisfaction, and emergency responsiveness also found strong support, confirming that IoT serves as an effective enabler of
operational and clinical excellence.

5.2. Discussion

The findings align with a growing body of literature emphasizing the transformative role of 10T in healthcare.

The results of this study strongly support the main hypothesis (H1) that the integration of Internet of Things (loT) technology
significantly enhances the quality of patient care. Multiple improvements were recorded in terms of wait times, device utilization,
error reduction, and staff satisfaction. These findings are consistent with those of Liao and Lin (2020), who demonstrated that an
loT-based billing system improved administrative precision and reduced workload. In our study, the Smart Queue Management
module and Device Utilization Tracker similarly replaced manual workflows, resulting in clearer processes, fewer administrative
errors, and more efficient use of medical equipment.

Regarding H1la, which posits that 10T reduces medical errors in the patient care process, qualitative data from staff interviews
indicated that misdirection and missed appointments due to manual queue handling were common prior to implementation. The
RTLS and smart notifications system helped minimize these incidents, indirectly reducing the chances for patient-related errors.
These results align with Hung et al. (2021), who noted that real-time monitoring in long-term care facilities reduced delays and
improved patient tracking.

For H1b, which addresses efficiency in medical resource management, the Device Utilization Tracker led to a significant
increase in equipment usage—from 56% to 82%. This is comparable to the findings of Babu and A (2021), who reported that real-
time equipment monitoring in ICUs enhanced scheduling and minimized idle time. Our data confirms that visibility into equipment
availability is a key enabler of operational efficiency.

In terms of H1lc, which relates to the accuracy of monitoring patient status and health information, while our system did not
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collect vital signs, the RTLS enabled continuous tracking of patient location and movement. This real-time visibility not only
facilitated better coordination but also contributed to timely interventions and lower patient misdirection rates. These results are
in line with Lin et al. (2022), who demonstrated that real-time tracking systems improve the accuracy and reliability of patient data
flow.

H1d proposed that loT improves patient satisfaction. This was supported by survey feedback from staff and indirect indicators
such as reduced wait times and smoother patient flow. The Smart Queue Management module proved critical in managing
expectations and reducing uncertainty, mirroring the success of the BLE-based "UrNext" system described by Alabduljabbar
(2022). Both systems showed how real-time updates and communication improved the patient experience in outpatient settings.

Finally, Hle, concerning responsiveness to emergency situations, also received qualitative support. Interviewed staff noted
faster intra-departmental communication and quicker patient routing as key improvements. Though emergencies were not directly
quantified in this study, the infrastructure allowed for rapid status updates and intervention coordination, suggesting readiness for
emergency responsiveness. This resonates with Abdulrazak et al. (2024), who emphasized the role of IoT in reducing hospital
stays through better monitoring and more timely care.

In summary, the data supports all six hypotheses, reinforcing the argument that 10T implementation in hospitals can
significantly improve the quality, efficiency, and responsiveness of care delivery. These results are not only theoretically aligned
with current literature but also practically validated through real-world pilot implementation and stakeholder feedback.

5.3. Recommendation

Based on the study findings and comparisons with prior literature, the following recommendations are proposed:

1) Scale and Institutionalize 10T Deployment: Hospitals should consider broader deployment of integrated I0T systems across
all departments to standardize patient tracking, queue management, and device usage analytics.

2) Training and Change Management: Proper training for clinical and administrative staff is crucial to ensure smooth adoption.
Emphasis should be placed on system usability, troubleshooting, and data interpretation.

3) Data-Driven Decision Making: Institutions should leverage real-time data generated by loT systems for operational
decisions, such as optimizing staffing levels during peak hours and forecasting equipment demand.

4) Patient-Centered Design: Future loT systems should incorporate wearable technologies and patient engagement
interfaces (e.g., mobile apps) to further personalize and enhance care delivery.

5) Integration with EHR Systems: Seamless integration with Electronic Health Records (EHR) will ensure that data collected
via loT modules contribute directly to clinical decision-making and longitudinal patient records.

6) Continuous Evaluation and Feedback Loops: Establish monitoring frameworks to continuously assess loT performance
against KPIs such as wait times, device uptime, and satisfaction scores, adjusting protocols as necessary.

7) Expand Research to Clinical Outcomes: Future studies should measure clinical impacts such as readmission rates,
diagnostic delays, and treatment errors to further validate IoT’s role in improving care quality.

In conclusion, this research validates that 10T technology holds transformative potential in hospital operations and patient
care quality. With proper implementation and strategic scaling, 10T can serve as a cornerstone for the future of smart healthcare
systems.
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