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Abstract 

ueuing of patients at the healthcare 

system has some health and economic 

implications. The purpose of this study is 

to determine the optimal number of doctors at 

the Out-Patient Department (OPD). Both 

primary and secondary data on Out-Patients 

were collected for the period of March-August, 

2018. M/M/C model was applied to determine 

some queuing characteristics; and the associated 

costs with waiting times were determined. The 

result shows that 

three doctors give 

optimal performance 

at the OPD, assuming 

that all the doctors 

have the knowledge 

and experience to 

manage all out-

patient cases.. 

Therefore, three 

doctors are now 

recommended for 

OPD to the 

Management, Zonal 

Hospital Idah.  

 

INTRODUCTION 

ueuing theory application is an attempt to minimize the cost of 

providing health care services through minimization of 

efficiencies and delays in the system (Singh, 2006). McClain (1976) 

reviewed research on queuing models for evaluating bed assignment 

policies on utilization, waiting time, and the probability of turning away 

patients. Katz et al., (1991) put forward that hospitals, airline companies, 

banks, manufacturing firms etc., try to minimize the total waiting cost, 

and the cost of providing service to their customers. Therefore, speed of 
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service is increasingly becoming a very important competitive 

parameter. 

Green (2006) presented the theory of queuing as applied in health care. 

She discusses the relationship among delays, utilization and the number 

of servers; the M/M/s models, its assumptions and extensions and the 

application of the theory to determine the required number of servers. 

Nosek et al (2001) reviewed the used queuing theory in pharmacy 

applications with particular attention to improving customer 

satisfaction. Customer satisfaction is improved by predicting and 

reducing waiting time and adjusting staffing. 

The provision of ever-faster service, with the ultimate goal of having zero 

customer waiting time, has recently received managerial attention for 

several reasons (Davis et al., 2003). In the more highly developed 

countries, where standards of living are high, time becomes more 

valuable as a commodity and consequently, customers are less willing to 

wait for service. This is a growing realization by organizations that the 

way they treat their customers today significantly impact on whether or 

not they will remain loyal customers tomorrow. 

Advances in technology such as computers, internet etc., have provided 

firms with the ability to provide faster services. For these reasons 

hospital administrators, physicians and managers are continuously 

finding means to deliver faster services, believing that the waiting will 

affect after service evaluation negatively. Understanding the 

inefficiencies in the hospital and improving them is crucial for making 

health care policy and budgeting decisions (Wilson et al, 2004). 

Agnihothri et al (1991) sought the optimal staffing a hospital scheduling 

department that handles phone calls whose intensity varies throughout 

the day. There are known peak and non peak periods of the day. The 

authors grouped the periods that receive similar call intensity and 

determines the necessary staffing varies dynamically with call intensity. 

As a result of redistributing server capacity over time, customer 

complaints immediately reduced without an addition of staff. 

Davis et al (1990) stressed that patients‟ evaluation of service quality is 

affected not only by the actual waiting time but also by the perceived 
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waiting time. The act of waiting has significant impact on patients‟ 

satisfaction. The authors concluded that the amount of time customers 

must spend waiting can significantly influence their satisfaction. 

Shimshak et al, (1981) considered a pharmacy queuing system with 

preemptive service of prescription order suspends the processing of 

lower priority prescriptions. Different costs are assigned to wait-times 

for prescriptions of different priorities. Queuing theory uses queuing 

models or mathematical models and performance measures to assess 

and hopefully improve the flow of customers through a queuing system 

(Gorney, 1981; Bunday, 1996). 

A good patient flow means that the patient queuing is minimized while a 

poor patient flow means patients suffer considerable queuing delays 

(Hall, 1999). Siddhartan et al., (1996) analyzed the effect on patient 

waiting times when primary care patients use the Emergency 

Department. The authors proposed a priority discipline for different 

categories of patients and then a first-in-first-out discipline for each 

category. The authors found that the priority discipline reduces the 

average wait time for all patients: however, while the wait time for 

higher priority patients reduces, lower priority patients endure a longer 

average waiting time. 

 

Model Description 

For the purpose of this study, we shall apply 

(𝑀 𝑀/𝐶): (∞ 𝐹𝐶𝐹𝑆)⁄⁄  model. A multi-server system is a queuing system 

in which there are two or more servers. In these systems, all the 

assumptions of the simple queue hold except that one queue is now 

being served by two or more servers. Customers of these systems form 

a single queue and whichever of the servers next becomes idle takes on 

the person at the head of the queue. The full assumptions of the multi-

server queues are as follows. 

(i) There is no limit to the permissible length of the queue 

(ii) No customer leaves the queue without being served 
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(iii) Customers form a single queue waiting to be served by any 

of the servers who next become free 

(iv) The arrival of the customers to the service facility occurs 

according to the Poisson process 

(v) The service time for each server follows the negative 

exponential distribution with same mean 

(vi) There is a first-in-first-served discipline for the queue. 

 

Materials and Methods 

The study adopts a descriptive, observational and ex post facto case 

study approach. In depth review of hospital OPD attendance records 

from March to August, 2018 was made. Interviews with management, 

doctors, and records staff were conducted to validate the secondary 

data and to gather information required to construct the structural 

model of the routings in and out of OPD. Direct observations were used 

to model patient average arrival and length of stay. Questionnaires were 

also used to gather information on daily arrival rates, patients’ view on 

queuing at the hospital, waiting time to consult a doctor. The population 

of the study was the entire out-patients of Zonal Hospital, Idah during 

the period of the study. Purposive sampling, a non-probability sampling 

technique in which the researcher selects a group of people because 

they have particular traits that the researcher wants to study was used. 

The out-patient department was selected because it had the greatest 

queuing challenge compared to the other units in the hospital. The data 

collected for the study were analyzed by the use of M/M/C/model and 

MatLab. 

 

Data  

This section deals with the analysis of data collected from all the three 

sections (records, history and consulting room) of the out-patient 

department of the Zonal Hospital Idah. The data for this analysis were 

collected on Monday, Tuesday, Wednesday, Thursday and Friday.The 

mean arrival rates and the mean service rates would be calculated from 
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the data collected and their results would be used to measure the 

performance of the entire system as objected in chapter one. 

 
 

Table 1: Input Parameter for QM in MathLab Computer package 

Parameter M/M/c Values 

Arrival rate (λ) 20 

Service rate (mu) 12 

Number of server (c i.e. doctors) 2,3,4, and 5 depending on the 

scenario 

 

Result 

Scenarios Avg. Service 

Utilization    

Avg. No in 

the queue 

(Lq) 

Avg. No in 

system 

(Ls) 

Avg. time 

in queue 

(Wq) 

Avg. time in 

system 

(Ws) 

Cost 

Associated 

with Wq (T) 

Scenario 1 (2 

doctors) 

0.8333 3.7879 5.4545 0.1894 0.2727 19152 

Scenario 2 (3 

doctors) 

0.5556 0.3747 2.0414 0.0187 0.1021 7498.8 

Scenario 3 (4 

doctors) 

0.4167 0.0732 1.7399 0.0037 0.087 8292.8 

Scenario 4 (5 

doctors) 

0.3333 0.0151 1.6818 0.0001 0.0841 10061 

 

From the results of the sensitivity analysis for the modeling, scenario 4 

with five doctors at post produces inferior performance in comparison 

to the others with average number in the system being 5.4545 (Ls), 

average time in queue (Wq) 0.1894, average number in the queue (Lq) 
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3.7879, and average time in the system (Ws) being 0.2727. Scenario 2 (3 

doctors at post) provides optimal performance of the system with 

average number in the system (Ls) being 2.0414, average time in queue 

(Wq) 0.0187 which is about 1minute, yielding the productivity , average 

number in the queue (Lq) 0.3747, and average time in the system (Ws) 

being 0.1021. The change in time spent in the queue from three doctors 

(Scenario 2) to four doctors at post (Scenario 3) is very appreciable. The 

average number in the queue (Lq) drops from 0.3747 with 3 doctors to 

0.0732 with 4 doctors. Similarly, average time in the queue (Wq) drops 

from 0.1894 to 0.0187 respectively 

 

Fig. 1: Graphical illustration of Sensitivity Analysis 

.  

 

Discussion  

The study has established that at the OPD department at Zonal hospital 
Idah, the current situation of 5 doctors at post considering their effective 
working time. The average daily arrival rate is approximately 20 patients 
per hour and the service rate averages 12 patients per hour. Using the 
queuing model for MathLab software, four scenarios modeled (for 2, 3, 
4, and 5 doctors), established that optimum system performance will be 
achieved with 3 doctors effectively at post from the start to the close of 
work in stark contrast to the prevailing situation that effectively has ten 
doctors at post.  
 

Conclusion   

Providing patients with timely access to appropriate medical care is an 

important element of healthcare delivery and increases patient 
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satisfaction. “When” care is received, is often as important as “what” 

care is received. This study establishes that patients are generally 

dissatisfied with long waiting times and experience negative effects as a 

result. It is further established that queuing theory and modeling is an 

effective tool that can be used to make decisions on staffing needs for 

optimal performance and as well as reducing associated costs (i.e cost of 

waiting and cost of servicing) with regards to queuing challenges in 

hospitals. This study should therefore be replicated in other hospitals in 

Nigeria and other countries in order to inform hospital administrators 

more on the usefulness of the application of queuing theory and 

modeling as a tool for improved decision making with regards to the 

queuing challenges that are faced by hospitals. 
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