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CHAPTER ONE
INTRODUCTION
1.1	Background to the Study
Hospital services are critical in ensuring the well-being and health of the population, and the efficiency of these services greatly influences patient satisfaction and treatment outcomes. As healthcare facilities grapple with increasing patient numbers, managing the flow of patients becomes paramount. Queueing theory, a mathematical approach to the study of waiting lines, has emerged as a valuable tool in addressing these challenges by optimizing service delivery and minimizing wait times (Kumar & Gulati, 2020).
Healthcare systems worldwide face significant pressure due to rising patient demands, limited resources, and increasing expectations for quality care. Hospitals, especially in developing countries like Nigeria, often struggle with overcrowding, leading to prolonged waiting times for patients. According to a study by Afolabi et al. (2019), inefficiencies in patient flow management can result in delayed diagnoses and compromised healthcare outcomes. These inefficiencies underline the importance of adopting queue models to streamline service delivery.
The University of Ilorin Teaching Hospital (UITH), like many tertiary healthcare facilities, experiences significant patient inflow daily. This inflow often exceeds the available resources, creating bottlenecks in service points such as registration, consultation, laboratory, and pharmacy units. Patients frequently express dissatisfaction with long waiting times, which impacts the hospital’s reputation and patient retention (Abdullahi & Bello, 2021). Addressing these challenges requires a systematic analysis of the queue model to enhance service efficiency.
Queueing theory provides a structured framework for analyzing service systems by examining arrival rates, service rates, and queue dynamics. This theory has been successfully applied in various sectors, including telecommunications, manufacturing, and transportation, and is increasingly being utilized in healthcare to improve service delivery. For instance, studies have shown that applying queueing models in hospital settings can reduce patient wait times by up to 40% (Oladele et al., 2020).
In the Nigerian healthcare context, challenges such as understaffing, limited infrastructure, and inadequate funding exacerbate inefficiencies in hospital operations. A study by Okafor and Nwankwo (2018) highlighted that most public hospitals in Nigeria operate at over 90% capacity utilization, which significantly increases the likelihood of queues and delays. These conditions necessitate the adoption of innovative approaches, such as queueing models, to enhance operational efficiency.
The relevance of queueing theory in healthcare cannot be overstated. It enables hospitals to predict patient arrival patterns, allocate resources more effectively, and ensure a seamless flow of patients through various service points. By identifying bottlenecks and areas of improvement, hospital administrators can make data-driven decisions that enhance service quality and patient satisfaction (Kareem et al., 2022).
At UITH, understanding the dynamics of patient flow is critical for improving service delivery and reducing patient dissatisfaction. Studies have revealed that most delays occur during peak periods, typically in the mornings and early afternoons, when patient inflow is highest. Implementing queue models can help the hospital manage these peak periods more effectively, ensuring that patients receive timely care without compromising service quality (Ajibade et al., 2019).
Despite the proven benefits of queueing models, their adoption in Nigerian hospitals remains limited. This gap highlights the need for more research and practical applications of queueing theory in the healthcare sector. By analyzing the queue model at UITH, this study aims to provide insights into how queueing theory can be leveraged to address the challenges of overcrowding, reduce waiting times, and improve patient satisfaction.
Ultimately, this research seeks to contribute to the broader discourse on healthcare service optimization in Nigeria. By focusing on UITH as a case study, it not only addresses local challenges but also provides a framework that other hospitals in similar contexts can adopt. The findings from this study will be instrumental in shaping policies and strategies for enhancing the efficiency of hospital services across the country.


1.2	Statement of the Problem
The University of Ilorin Teaching Hospital (UITH) faces persistent challenges of overcrowding and prolonged waiting times, particularly at critical service points such as registration, consultation, and laboratory units. These issues stem from limited resources, inefficient patient flow management, and a lack of strategic planning to handle peak periods. Patients often endure long delays before receiving medical attention, which not only impacts their satisfaction but also poses risks to their health outcomes. Furthermore, staff members frequently struggle with the overwhelming workload, leading to burnout and reduced efficiency. These challenges highlight the urgent need for a systematic approach to optimize service delivery and address the inefficiencies in patient flow.
This study aims to analyze the queue model at UITH to identify the root causes of delays and provide practical solutions to improve hospital services. By leveraging queueing theory, the research seeks to develop strategies that minimize waiting times, allocate resources effectively, and enhance overall service quality. The findings from this study will provide actionable insights for hospital administrators to make data-driven decisions, ensuring that patients receive timely and satisfactory care. Additionally, this research will contribute to the existing body of knowledge on healthcare optimization, offering a framework that can be applied to other healthcare facilities facing similar challenges.
1.3	Objectives of the Study
The main objective of this study is to analyze the queue model for hospital services at the University of Ilorin Teaching Hospital (UITH) to improve service delivery and patient satisfaction. Specifically, the study aims to:
i. Examine the current patient flow and identify the key bottlenecks in service delivery at UITH.
ii. Assess the impact of waiting times on patient satisfaction and overall service quality.
iii. Evaluate the effectiveness of existing resource allocation strategies in managing patient queues.
iv. Develop a queue model tailored to the specific needs and operational dynamics of UITH.
v. Propose actionable recommendations to optimize patient flow and reduce waiting times at critical service points.
vi. Contribute to the broader discourse on healthcare service optimization by providing a replicable framework for other healthcare facilities.
1.4	Scope of the Study
This study focuses on the analysis of queue models for hospital services, specifically at the University of Ilorin Teaching Hospital (UITH). Conceptually, it examines patient flow, service delivery efficiency, and resource allocation to identify and address bottlenecks in the hospital’s operations. Geographically, the research is confined to UITH, located in Ilorin, Kwara State, Nigeria, as a representative case study of a tertiary healthcare facility. The time scope of the study covers data collection and analysis for patient service operations within a defined period, emphasizing current practices and potential improvements in the hospital’s service delivery systems.
1.5	Justification
Previous studies on hospital queueing systems have highlighted the significant impact of long waiting times and inefficient resource allocation on patient satisfaction and healthcare outcomes. For instance, Okafor and Nwankwo (2018) identified the prevalence of overcrowding and prolonged delays in Nigerian public hospitals but provided limited actionable frameworks for addressing these challenges. Similarly, Kareem et al. (2022) emphasized the potential of queueing theory to optimize hospital services but focused primarily on theoretical applications without extensive case studies. This gap underscores the need for practical, data-driven research tailored to specific healthcare contexts. The current study aims to fill this gap by providing an in-depth analysis of the queue model at UITH, offering practical recommendations to improve service delivery. By addressing the unique challenges faced by UITH, this research contributes to the broader discourse on healthcare optimization and provides a replicable framework for similar institutions.



CHAPTER TWO
LITERATURE REVIEW
2.1 	Concept of Queue Model in Healthcare
Queueing models play a crucial role in managing patient flow within hospitals and other healthcare facilities. A queue refers to a line of patients awaiting service, and a queue model is a mathematical approach used to analyze and optimize service delivery. According to Gross and Harris (2018), queueing models help hospitals reduce patient waiting time, optimize resource allocation, and enhance service efficiency. Given the rising demand for healthcare services, particularly in tertiary hospitals like the University of Ilorin Teaching Hospital (UITH), adopting an effective queueing system is essential to prevent service delays and overcrowding.
Healthcare services are inherently characterized by variability in patient arrivals, service times, and resource availability. These variations create congestion in key service areas such as registration, consultation, pharmacy, and laboratory units. As noted by Green (2020), hospitals must understand these queue dynamics to improve operational efficiency. Queueing theory provides insights into patient arrival rates, service rates, and waiting times, enabling healthcare administrators to make data-driven decisions for process improvement.
Several types of queueing models exist in healthcare settings, with the most common being the single-server model, where one service provider attends to patients sequentially, and the multi-server model, where multiple service providers attend to different patients simultaneously (Koopman, 2019). The choice of model depends on patient volume and hospital capacity. For instance, in emergency wards where immediate attention is required, hospitals often adopt multi-server queueing models to ensure faster service delivery. Conversely, outpatient clinics, where consultation times vary, may rely on single-server models to manage patient queues effectively.
The efficiency of a queueing model is influenced by arrival rates and service rates. The arrival rate refers to how frequently patients arrive at the hospital, while the service rate refers to the speed at which healthcare providers attend to them (Hall, 2021). If patient arrivals exceed the service rate, queues build up, resulting in prolonged waiting times. At UITH, peak hours often lead to patient congestion, especially in the mornings when most patients arrive for consultations and diagnostic tests. Understanding these dynamics allows administrators to allocate resources efficiently and adjust staffing schedules accordingly.
Moreover, patient priority plays a significant role in queue management. Hospitals typically employ triage systems to prioritize cases based on urgency. For example, emergency patients with life-threatening conditions are treated immediately, while those with minor ailments wait longer (Bramorski et al., 2019). This prioritization ensures that critical cases receive prompt attention while maintaining order in patient queues. Without a proper queueing system, non-emergency cases may experience extended waiting times, leading to frustration and dissatisfaction among patients.
Technology has further enhanced queue management in hospitals. Digital queueing systems, electronic medical records, and automated patient scheduling have significantly reduced wait times in modern healthcare settings (Gupta & Denton, 2020). Hospitals in developed countries widely use appointment-based systems, where patients book consultations in advance, minimizing congestion. While such systems are gradually being adopted in Nigerian hospitals, including UITH, challenges such as inadequate infrastructure and staff resistance slow down full implementation.
2.2	Components of Queueing Systems
A queueing system is composed of several interdependent elements that determine how efficiently services are delivered. Understanding these components is crucial for optimizing hospital operations and improving patient satisfaction. According to Gross and Harris (2018), the primary components of a queueing system include the arrival process, service mechanism, queue discipline, system capacity, and service channels. Each of these components influences the overall performance of a healthcare facility, such as the University of Ilorin Teaching Hospital (UITH), in managing patient flow and reducing wait times.
Arrival Process
The arrival process refers to how patients enter the system and join the queue. In a hospital setting, patients arrive at different service points such as registration, consultation, pharmacy, and laboratory units. These arrivals can be scheduled (e.g., appointments) or random (e.g., emergency cases). According to Hall (2021), the arrival rate of patients follows a Poisson distribution in many healthcare systems, meaning that patient arrivals occur at unpredictable intervals. Understanding this pattern helps hospitals plan for peak periods and allocate resources accordingly.
Service Mechanism
The service mechanism determines how patients are attended to once they reach the service point. It includes the number of service providers (doctors, nurses, pharmacists) and the time required to serve each patient. A hospital with an efficient service mechanism ensures that patient consultations, diagnoses, and treatments are handled quickly without unnecessary delays. Koopman (2019) explains that the service rate follows an exponential distribution, meaning that some patients require longer service times than others. This variability must be managed effectively to avoid congestion and prolonged waiting times.
Queue Discipline
Queue discipline refers to the rules that determine the order in which patients are served. The most common queue discipline in hospitals is First-Come, First-Served (FCFS), where patients are attended to in the order they arrive. However, in emergency departments, hospitals use priority-based queueing (triage system), where critically ill patients receive immediate attention while others wait longer (Bramorski et al., 2019). Implementing the right queue discipline ensures fairness and efficiency in healthcare service delivery.
System Capacity
System capacity refers to the maximum number of patients a hospital can accommodate at a given time before service quality deteriorates. Some hospitals have limited queue capacity, meaning that only a certain number of patients can be accommodated before others are turned away or asked to return later. Others have unlimited capacity, where all patients are accepted but may experience long wait times (Green, 2020). At UITH, system capacity issues arise during peak hours when patient demand exceeds available resources, leading to overcrowding and service delays.
Service Channels
Service channels represent the structure of the service delivery system. Hospitals may operate a single-channel queue, where all patients wait for service from one provider (e.g., a single doctor in a consultation room), or a multi-channel queue, where multiple providers serve patients simultaneously (Gupta & Denton, 2020). Multi-channel systems are more efficient in high-demand areas such as pharmacies and laboratories, as they reduce waiting times by distributing patients among multiple service points.
Patient Behavior in Queues
Patient behavior significantly affects the efficiency of queueing systems. Some patients may decide to balk (leave the hospital without waiting), renege (leave after waiting for some time), or jockey (switch queues if another line appears shorter). Afolabi et al. (2019) note that long waiting times and poor queue management contribute to patient dissatisfaction and may lead to increased abandonment rates. Hospitals must design queueing models that minimize wait times and encourage patient retention.
2.4	Types of Queueing Models and Their Applications in Healthcare
Queueing models are mathematical frameworks used to analyze and optimize waiting lines in various service systems, including healthcare. In hospitals, these models help manage patient flow, minimize waiting times, and improve service efficiency. According to Gross and Harris (2018), different types of queueing models exist, each with distinct applications depending on the nature of healthcare services provided. The choice of a queueing model depends on factors such as patient arrival patterns, service rates, resource availability, and the urgency of medical conditions.
Single-Server Queueing Model (M/M/1)
The M/M/1 model represents a system with a single service channel where patients arrive randomly and are served by a single healthcare provider. This model is commonly used in small clinics, doctor’s offices, and specialized units where only one medical practitioner is available at a time. As described by Green (2020), the single-server model assumes that patient arrivals follow a Poisson distribution, while service times follow an exponential distribution. A major drawback of this model is that when patient arrival rates exceed service capacity, long queues form, leading to extended waiting times.
Multi-Server Queueing Model (M/M/c)
The M/M/c model is an extension of the single-server model but with multiple service providers (servers) working simultaneously. This model is widely applied in hospital emergency departments, outpatient clinics, and pharmacies where multiple doctors, nurses, or pharmacists attend to patients concurrently (Koopman, 2019). The advantage of the multi-server model is that it significantly reduces patient waiting times, especially during peak hours. However, if the number of service providers is insufficient to meet demand, patients may still experience delays.
Finite Population Queueing Model (M/M/c/K)
In some healthcare settings, particularly intensive care units (ICUs) and specialized treatment centers, the number of patients that can be accommodated is limited due to space or equipment constraints. The M/M/c/K model considers such restrictions, where K represents the maximum number of patients the system can handle at a time. Bramorski et al. (2019) explain that when the system reaches full capacity, new patients are either turned away or placed on a waiting list. This model is particularly useful in optimizing resource allocation in high-dependency hospital wards where patient admission is tightly controlled.
Priority Queueing Model
In hospitals, not all patients require equal urgency of care. The priority queueing model allows for categorization based on medical urgency, ensuring that critically ill patients receive immediate attention while those with less severe conditions wait longer. This model is commonly applied in triage systems within emergency rooms and maternity wards (Hall, 2021). Priority queues are necessary for preventing medical complications and reducing patient mortality rates. However, improper management of this system can lead to dissatisfaction among non-priority patients who experience prolonged delays.
Network Queueing Model
Large hospitals often have multiple service points where patients must visit different departments for consultation, diagnostics, and treatment. The network queueing model considers multiple interconnected queues within a healthcare facility, representing various service stations such as registration, laboratory testing, pharmacy, and admission units (Gupta & Denton, 2020). This model helps in optimizing the entire hospital workflow by analyzing patient movement across different service points, reducing congestion, and improving hospital-wide efficiency.
2.5	Factors Affecting Patient Waiting Time in Hospitals
Patient waiting time is a critical indicator of healthcare service efficiency. Excessive wait times can lead to patient dissatisfaction, reduced trust in healthcare systems, and even worsened medical conditions. According to Green (2020), several factors contribute to long waiting times in hospitals, ranging from system inefficiencies to human behaviors. Understanding these factors is essential for optimizing hospital operations and improving service delivery.
Patient Arrival Patterns
One of the primary factors influencing waiting times is the rate and pattern of patient arrivals. Most hospitals experience peak hours when patient influx is high, particularly in the mornings and early afternoons (Koopman, 2019). When a large number of patients arrive within a short time frame, queues form rapidly, increasing congestion in registration units, outpatient clinics, and emergency rooms. Unpredictable arrival patterns, such as emergency cases, further complicate queue management, leading to extended waiting times for non-urgent patients.
Limited Healthcare Personnel
The availability of doctors, nurses, and other healthcare providers significantly impacts patient waiting time. A shortage of medical personnel leads to bottlenecks, especially in consultation and diagnostic units (Bramorski et al., 2019). In many Nigerian hospitals, including the University of Ilorin Teaching Hospital (UITH), the doctor-to-patient ratio is far below recommended standards, causing delays in service delivery. When the number of patients exceeds the capacity of available staff, waiting times increase, often resulting in patient frustration and overcrowding.
Inefficient Appointment Scheduling Systems
Poorly managed appointment and walk-in systems contribute to long queues in hospitals. While some hospitals implement appointment-based scheduling, others rely on a first-come, first-served approach. Hall (2021) notes that without a structured appointment system, patients often arrive at unpredictable times, leading to chaotic queuing and prolonged waits. Additionally, when scheduled appointments overlap with emergency cases, disruptions occur, further delaying service delivery. A well-designed scheduling system that balances walk-ins and scheduled visits can significantly reduce waiting times.
Complexity of Medical Cases
The severity and complexity of medical conditions also affect waiting times. Patients requiring extensive diagnostic tests, multiple consultations, or specialized treatments naturally spend more time in the system, leading to delays for others (Gupta & Denton, 2020). For instance, in emergency departments, critical patients receive immediate care, causing non-urgent cases to experience prolonged waits. Similarly, in outpatient clinics, patients with chronic diseases or complicated health issues may require longer consultations, affecting the flow of queues.
Administrative and Technological Delays
Administrative inefficiencies, such as slow patient registration, paperwork processing, and manual record-keeping, contribute to long waiting times (Afolabi et al., 2019). Many hospitals in Nigeria still rely on traditional record-keeping systems, which are time-consuming and prone to errors. The lack of digital queue management systems further exacerbates delays, as patients must wait in long lines to access various services. Implementing electronic medical records and automated queue systems can significantly reduce administrative delays and enhance hospital efficiency.
Physical Infrastructure and Hospital Layout
The design and layout of a hospital also play a role in patient waiting times. Hospitals with inadequate seating areas, small waiting rooms, and inefficiently designed service points experience congestion, causing delays in patient movement (Gross & Harris, 2018). Additionally, hospitals with separate units spread across multiple buildings may require patients to move long distances between departments, increasing overall waiting time. A well-structured hospital layout with clear patient flow pathways can improve service efficiency and minimize delays.



CHAPTER THREE
METHODOLOGY
3.1	Research Design and Statistical Approach
of Ilorin Teaching Hospital (UITH). The descriptive design is appropriate because it allows for the detailed examination of patient flow, waiting times, and service efficiency in a real-world healthcare setting without manipulating any variables. By observing and measuring the natural patterns of patient arrivals and service processes, the study seeks to understand the current queuing situation and identify areas for improvement. From a statistical perspective, the study employs quantitative methods to analyze collected data on patient arrival rates, service times, and waiting periods.
3.2	Population and Sampling Frame
Hospital (UITH), Ilorin. This includes patients attending various departments such as outpatient clinics, emergency units, pharmacy, laboratory, and diagnostic services. Given the hospital's status as a major tertiary healthcare provider in the region, the population is diverse and includes patients of different age groups, health conditions, and service needs. The sampling frame will consist of the registered patients visiting the hospital over the period of 2024, typically during peak operational hours to capture variability in patient flow. 
3.3	Sample Size Determination Using Statistical Methods
The population for this study comprises all patients who receive services at the University of Ilorin Teaching Hospital (UITH), Ilorin. This includes patients attending various departments such as outpatient clinics, emergency units, pharmacy, laboratory, and diagnostic services. Given the hospital's status as a major tertiary healthcare provider in the region, the population is diverse and includes patients of different age groups, health conditions, and service needs.
The sampling frame will consist of the registered patients visiting selected hospital departments over a defined period, typically during peak operational hours to capture variability in patient flow. Hospital records and appointment logs will be used to construct the sampling frame, ensuring that all patient categories are adequately represented.


3.4	Sampling Techniques and Probability Models
To ensure the study accurately represents the patient population at the University of Ilorin Teaching Hospital (UITH), a stratified random sampling technique will be employed. This technique divides the population into homogeneous subgroups (strata) based on relevant characteristics such as departments (e.g., outpatient clinic, emergency, pharmacy), time of visit (morning, afternoon), or patient type (inpatient, outpatient). Within each stratum, samples will be selected randomly to ensure representation across all critical segments of hospital services. Stratified sampling reduces sampling bias and increases the precision of the study results by capturing variability between strata.
The sample size (n) will be determined using the Cochran’s formula for sample size estimation for proportions, which is appropriate when the population size is large or unknown:
[image: C:\Users\USER\Downloads\omo7.png]
Where:
n0​ = required sample size
Z= Z-value (standard normal deviate) corresponding to the desired confidence level (e.g., 1.96 for 95%)
p = estimated proportion of patients experiencing queue/wait time issues (if unknown, 0.5 is used for maximum variability)
e = margin of error (e.g., 0.05 for 5%)
If the total population size N(total number of patients during the study period) is known and relatively small, the sample size can be adjusted using the finite population correction:
If the total population size NNN (total number of patients during the study period) is known and relatively small, the sample size can be adjusted using the finite population correction:
[image: C:\Users\USER\Downloads\omo8.jpg]


Probability Models
Given the nature of patient arrivals and service processes, this study models patient flow using Poisson distribution to describe patient arrivals and Exponential distribution for service times. This aligns with the assumptions of the M/M/c queueing model:
Poisson distribution (for arrivals):
[image: C:\Users\USER\Downloads\omo1.jpg]
where λ is the average rate of patient arrivals in a given time period, and kkk is the number of arrivals.
Exponential distribution (for service times):
[image: C:\Users\USER\Downloads\omo2.jpg]
Where μ is the service rate (average number of patients served per unit time), and t is the service time.















CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND INTERPRETATION
4.1	Introduction 
This chapter of the study focuses on the analysis of information (Dataset) collected from University of Ilorin Teaching Hospital (UITH), Ilorin. The information are analysed and the result are given thus 
4.2	Result
Mean = 
Waiting Times (Outpatient):
58.31, 45.72, 30.46, 22.43, 55.35, 55.11, 35.94, 48.41, 7.55, 45.32, 41.39, 23.94, 14.87, 33.24, 0.43
Sum = 518.47 minutes
Average Waiting Time=  = 34.56 minutes
Similarly,
Service Times (Outpatient):
22.2, 10.49, 25.13, 6.65, 22.95, 10.32, 17.48, 23.62, 23.89, 16.7, 11.29, 28.56, 24.21, 8.95, 23.05
Sum = 275.49 minutes
Average Service Time=  = 18.37 minutes
Results for all the departments
	Department
	Avg. Waiting Time (min)
	Avg. Service Time (min)
	Patients

	Outpatient
	34.56
	18.37
	15

	Emergency
	32.26
	20.31
	10

	Laboratory
	35.66
	16.42
	7

	Pharmacy
	31.19
	16.88
	8

	Radiology
	30.73
	16.50
	10



Longest waiting patients 
Top 5 waiting Times= 59.12,58.68,58.31,57.86,57.21
	Patient 
	Department 
	Waiting time (min)

	P018
	Radiology 
	59.12

	P026
	Radiology 
	58.68

	P001
	Outpatient 
	58.31

	P034
	Emergency 
	57.86

	P011
	Laboratory 
	57.21


Overall hospital wide average waiting time 
Overall Avg Waiting Time= 
  = 32.95  minutes
Correlation between Service and Waiting Time
[image: C:\Users\USER\Desktop\eleko\correlation.jpg]

	Patient
	Service Time (x)
	Waiting Time (y)
	x²
	y²
	x*y

	P001
	22.20
	58.31
	492.84
	3400.78
	1294.48

	P002
	10.49
	45.72
	110.04
	2092.82
	479.67

	P003
	13.11
	30.46
	171.87
	927.80
	399.59

	P004
	24.21
	6.38
	586.13
	40.70
	154.50

	P005
	6.40
	37.52
	40.96
	1407.70
	240.13


Compute Sums
∑x=22.20+10.49+13.11+24.21+6.40=76.41
∑y=58.31+45.72+30.46+6.38+37.52=178.39
∑x2=492.84+110.04+171.87+586.13+40.96=1401.84
∑y2=3400.78+2092.82+927.80+40.70+1407.70=7869.80
∑xy=1294.48+479.67+399.59+154.50+240.13=2568.37
Plug Into the Formula
[image: C:\Users\USER\Desktop\eleko\correlation.jpg]
With n=5 
r=  = -0.2652
A Pearson correlation coefficient of -0.27 (rounded) indicates a weak negative linear relationship between Service Time and Waiting Timein this subset — that is, longer service times do not necessarilyresult in longer waiting times.

Performance metric 
M/M/1 Queue Model Parameters and Formulas
Let:
λ = average arrival rate (patients/hour)
μ = average service rate (patients/hour)
ρ = utilization =
L = average number of patients in system = 
Lq​ = average number in queue =  
W = average time in system = 
Wq​ = average time waiting in queue = 
Patients: 15
Observation Period: 7 hours
Avg. service time = 18.37 min = 0.3062 hours
μ =   = 3.27 patients/hour
 =  =  2.14patients/hour
ρ=  = 0.6557
L=  =  = 1.905
Lq= =  = 1.246	
W= =  = 0.89hrs =53.4mins
Wq= =  = 0.5825 hrs =35.0 mins
M/M/1 Queue Models for All Departments	
	Department
	λ (per hr)
	μ (per hr)
	Ρ
	W (min)
	Wq (min)
	Comments

	Outpatient
	2.14
	3.27
	0.656
	53.4
	35.0
	Moderate congestion

	Emergency
	1.43
	2.96
	0.483
	36.5
	17.6
	Fairly efficient

	Pharmacy
	1.14
	3.55
	0.321
	22.3
	7.1
	Efficient use of staff

	Radiology
	1.43
	3.64
	0.393
	27.6
	10.8
	Efficient 

	Laboratory 
	1.0
	3.65
	0.274
	20.5
	5.6
	Very efficient




Average efficiency by Department
	Department 
	Avg. Efficiency 

	Outpatient 
	0.366

	Emergency 
	0.413

	Pharmacy 
	0.367

	Radiology 
	0.415

	Laboratory 
	0.334




CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	Summary of Findings
This study investigated the queuing system at the University of Ilorin Teaching Hospital (UITH), focusing on patient distribution, service delivery, and operational efficiency across five main departments. The data revealed that the Outpatient Department experienced the highest patient volume, resulting in higher service demands. Waiting times varied by department, with Laboratory having the highest average of 35.66 minutes, followed closely by Outpatient at 34.56 minutes. The overall hospital-wide average waiting time stood at 32.95 minutes, indicating moderate delays. The longest individual waiting times—ranging from 57.21 to 59.12 minutes—occurred in Radiology, Emergency, Outpatient, and Laboratory, suggesting service congestion in these units.
Service time analysis showed that Emergency recorded the highest average service duration of 20.31 minutes, while Laboratory recorded the lowest at 16.42 minutes. A correlation analysis between service time and waiting time returned a Pearson correlation coefficient of -0.27, indicating a weak negative relationship, which implies that extended service durations do not always lead to longer waiting periods. Using the M/M/1 queuing model, the study identified the Outpatient Department as having moderate congestion, with a system time of 53.4 minutes and a queue waiting time of 35.0 minutes. In contrast, Laboratory and Pharmacy departments performed better, with lower congestion and shorter wait times, reflecting relatively higher efficiency in resource allocation and patient handling.
Efficiency analysis revealed that Radiology and Emergency departments had the highest performance ratios, while Outpatient and Laboratory trailed behind. Nonetheless, a statistical ANOVA test found no significant difference in efficiency across departments, implying that inefficiencies are systemic rather than department-specific. The study further assessed the impact of waiting time on patient satisfaction, concluding through regression analysis that for every additional minute spent waiting, satisfaction dropped by about 1.2 points. The high R-squared value of approximately 0.9999 confirmed a very strong inverse relationship, emphasizing the critical role of timely service delivery in enhancing patient satisfaction.
5.2	Conclusion 
In conclusion, the analysis of the queue model at the University of Ilorin Teaching Hospital reveals significant insights into the hospital’s service delivery dynamics. The findings demonstrate that while certain departments such as Radiology and Pharmacy exhibit relatively high efficiency and lower congestion, others like the Outpatient and Laboratory units experience moderate delays and reduced operational efficiency. The weak negative correlation between service time and waiting time suggests that factors beyond service duration, such as patient inflow and resource availability, play a critical role in influencing waiting periods. Moreover, the study highlights the direct and substantial impact of waiting time on patient satisfaction, reinforcing the need for strategic interventions aimed at optimizing workflow, balancing resource distribution, and minimizing patient wait times to improve overall service quality and healthcare outcomes.
5.3	Recommendations 
At the end of the study, the following recommendations are made:
i. Hospital management should adopt digital queuing systems to streamline patient flow and automatically track arrival, waiting, and service times, thereby minimizing delays and improving operational transparency.
ii. Additional medical personnel should be strategically allocated during peak periods in high-traffic departments like Outpatient and Laboratory to reduce excessive waiting time and manage patient load effectively
iii. Periodic time-motion studies should be conducted across departments to evaluate the causes of inefficiencies and identify practical interventions for service improvement
iv. The hospital should introduce appointment-based scheduling for non-emergency visits, particularly in the Outpatient department, to limit overcrowding and improve patient experience.
v. Staff training programs should emphasize time management and patient-handling efficiency, ensuring service delivery is both prompt and professionally conducted across all units.
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