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Abstract: Queueing Theory is a mathematical approach to the study of waiting lines. Long waiting time in a 
health care system indicates the lack in management of the system. As a result of this, a health care centre lost 
the patients satisfaction and also it decreases the enhancement of the system. This paper is an attempt to 
analyse the use of queueing theory in a local health care clinic and the calculations performed in this paper is 
based upon the actual observed data collected from a local health care clinic located in Muzaffarpur city of 
Bihar, India. The paper summarizes a range of queueing theory results in the following areas. Traffic intensity, 
Average waiting time in queue, Average of time spent in system, Average queue length, Average number of 
individuals in the system. The central objective of this paper is to reduce the waiting time of patients and also to 
increase the efficiency of the clinic. The paper also considers the clinic as a single server queueing system 
following Poisson arrival based upon the discipline first come first serve and exponential service rate. 
Keywords: exponential service, Poisson arrival, queueing theory, waiting line, waiting time. 
 

I. Introduction 
 

Queueing Theory has its origin in research by a Danish telephone engineer Agner Krarup Erlang when 
he generated models to describe the Telephone Exchange of Copenhagen. “The Theory of Probability and 
Telephone Conversations” is the first paper on queueing theory published in 1909 by Erlang [1]. He pondered 
the problems of determining the number of telephone circuits necessary to provide phone services that would 
prevent customers from waiting too long for an available circuit. In developing a solution to this problem he 
began to realize that the problem of minimizing waiting time was applicable to many fields and began 
developing the theory further. Therefore, A.K. Erlang is considered the father of queueing theory. 

The queueing theory is one of the most celebrated problems of Operations Research which has 
attracted the attention of researchers, scientists, mathematicians and social scientists. A lot of research work has 
been dedicated to the application of this theory in health care systems, construction industries, human resource 
management, transportation, traffic and many other such systems. 

A lot of contribution and application of queueing theory in the field of health care are found in the 
literature. In an era of health care reform, queueing theory is applied in improving quality, safety and decreasing 
health care cost. Whenever it is used appropriately, the results are often remarkable in saving time, increasing 
revenue and increasing staff and patient satisfaction.  Therefore, applying queueing theory to health care sector 
is a necessary step towards improving quality of care and enhancement of the systems. Queueing theory has 
been studied in health care settings since 1952 [2]. A considerable body of research has shown the use of 
queueing theory in real world health care situation. McClain [3] reviews research on models for evaluating the 
impact of bed assignments policies on utilization, waiting time and the probability of turning away patients. 
Nosek and Wilson [4] review the use of queueing theory in pharmacy application with particular attention to 
improving customer’s satisfaction. Customer satisfaction is improved by predicting and reducing waiting times 
and adjusting staffing. Preater [5] presents a brief history of the use of queueing theory in health care. Green [6] 
applied the queuing theory in health care. She discusses the relationship amongst delays, utilization and the 
number of servers; the basic M/M/S model, its assumptions and extensions; and the application of the theory to 
determine the required number of servers. Agnihotri, S.R and Taylor, P.F. [7], Khan, M.R. and Callahan, B.B. 
[8] and many others have exploited the queueing theory in the different areas of health care viz. waiting time 
and utilization analysis, system design, appointment systems, out-patient appointment systems, the emergency 
cardiac in- patient flow and others. They successfully established the applicability of queueing theory in the 
field of health care.  

 Thus, queueing theory is a mathematical approach to the study of waiting lines. Long waiting times in 
any health care centre affect the improvement of the centre as well as the nation’s economy. Therefore, to 
reduce the waiting times of arriving patients is a major challenge for services not only in India but all over the 
world especially in developing countries. While considering improvement in services, centre must measures the 



 Waiting Time Reduction in a Local Health Care Centre Using Queueing Theory 

DOI: 10.9790/5728-121495100                                            www.iosrjournals.org                                  96 | Page 

cost of providing a given level of service against the potential costs from having patients wait. Queueing theory 
has increasingly become a universal tool of management for decision making in a local health care clinic. 

This chapter is focused on a case study of a local health care clinic “Venkatesh Nursing Home” located 
at Maripur of Muzaffarpur city of Bihar, India where Dr. Awadhesh Kumar (M.S.) is providing treatment of 
surgery and consultancy as a single server. This chapter analyzes the available resources of the clinic as well as 
it focuses on the utilization of queueing models for the enhancement of the clinic. The case study is on the basis 
of actual observed data of 22 days, collected from the clinic and the performance parameters have been used for 
calculations. 

 
II. Description of the Models 

Single Channel Queueing System 
 

Consider a single server queueing system, (M/M/1) in which arriving customers is following Poisson’s 
process with arrival rate λ and the service process is following exponential distribution with service rate μ. Here 
customers are identified as arriving patients. We assume that the services in all phases are independent and 
identical and only one patient at a time is in the service mechanism. 

When a patient enters the system and at a time if the system is free, his/her service time starts at once 
and when the system is not free, the patient joins the queue and wait for their turn/number for service. After 
completion of services, the patient is free from queue if there is not any further extended service facility. If the 
server is busy then the arriving patients goes to orbit and becomes a source of repeated calls. This pool of source 
of repeated calls may be viewed as a sort of queue. The time it takes to serve every patient is an exponential 
random variable with parameter μ. 

A pictorial representation of a single server queueing system, (m/m/1) is given below in which patients 
are standing in queue, waiting for the server to be free for providing service. In the situation of congestion of 
patients in a health care system, there is a very less possibility for the patients arriving in end to get treatment as 
there is a single server rendering services. In worst situation, patients may leave the system without being 
served.  

 
 

    

  
Patient in                     Patient – in                  Patient -out                                                                                    
queue                          to be served                      after service 

                         __ _ _ _                                                                     
         
                               Last Patient - Possibility (?) 
                                      in the situation of congestion 

Fig1: single channel queueing system 

  
Multichannel Queueing System 
 

The multichannel queueing model is known in the Kendall’s notation as the M/M/m model, where M 
signifies a Poisson distribution and m is number of parallel service channels in the system. This is commonly 
used to analyze the queueing problem. This model computes the average wait times and queue lengths, given 
arrival rate, number of servers and service rates. This particular model applies, in which there are multiple 
channels served by a single queue as at a bank teller or many airline tickets counters. The outputs of the model 
are as follows: 
1. Expected waiting time per patient in the system (health centre). 
2. Expected waiting time of patients in the queue. 
3. Expected number of patients in the system (health centre). 
4. Expected number of patients in the queue. 

The exact calculation of these measures requires knowledge of the probability distribution of the arrival 
rate and service times. Moreover, successive inter- arrival times and services times are assumed to be 
statistically independent of each other. In this system, there are multiple servers with all sharing a common 
waiting line. A waiting line is created when all the servers are busy in rendering service. As soon as one server 

Server 
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becomes free, a customer (patient) is dispatched from the waiting line using the dispatching discipline in force 
for being served. These are obvious from the pictorial representation of the multichannel queueing system which 
is given below. 
 
 

 
 

Fig. 2: multi-channel queuing system 
 

III. Model Assumptions 
This research is based on the following assumptions. 
a) The finding obtained after investigation from one unit of the medical health centre should be valid in the 

other units. 
b) The patients are almost well familiar with the organization system of the medical centre. 
c) The arrival rate of the patients to queue and service rate are compatible to Poisson distribution or in other 

words the time interval between two consecutive arrivals and time service both follow exponential 
distribution. 

d) The queueing discipline is such that the first patient goes to the server which is ready for the service. 
e) In case of multichannel queueing system, it is assumed that none of the servers are unattended. 
 

IV. Details of the Case Study of Local Health Care Clinic 
This chapter is a case study of Dr. Awadhesh Kumar’s clinic which is a local health care centre 

“Venkatesh Nursing Home” Ram Raji Road, Maripur located in Muzaffarpur city of Bihar (India). The study 
adopts a descriptive, actual observational case study approach. The goal of the study is to reduce the waiting 
time of patients in the clinic and also to optimize its existing capacity. 

At the registration counter three persons, named Md. Imam, Mr. Jai Prakash and Mr. Suman are 
employed for providing services and they perform works according to their schedule in a week. In this local 
health care clinic, working doctor Dr. Awadhesh Kumar (M.S) is treated as a single server. He performs general 
surgery, laparoscopic operations and consultancy. He attends the patient mostly in morning and afternoon 
session, timing 8:00 to 9:00 AM and 1:30 to 3:00 PM respectively. Congestion of patients is low on Saturday 
and Sunday in comparison to other days of a week. An average of 8 to 10 minutes is taken for a single patient in 
the first check up and an average of 30 to 40 minutes for a surgery. After examining, some of the patients leave 
the centre with the advice to follow the prescribed medicine and some of them were told to be present at a 
specified time on a particular day for different types of the surgery. 

The case study is based upon the actual observed data collected in 22 days. The arrival time as well as 
the service time began and ended for around 125 patients in the local health care clinic. The waiting time is 
obtained by subtracting the arrival time from the time of service began for each of the day. 

 
V. Model Parameters 

 
Traffic Intensity 
It is obtained from dividing the average arrival rate λ (in time) to the average service rate μ. 

i.e. ρ = λ/μ     ------------------------ (i) 
Whenever λ is larger, the arrival of patients will increase and the system will work harder and queue will be 
longer. On the contrary, whenever the λ is smaller, the queue will be shorter but in this case, the use of the 
system will be low. If the arrival rate of patients in the system were more than service rate i.e. λ>μ then ρ> 1, 
which means the system capacity is less than the arriving patients, therefore the queue length is increased. In 
this queueing system the average arrival rate is less than the average service rate i.e. λ<μ. 
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Average Waiting Time in Queue 
The average waiting time in queue (before services is rendered) is equal to the average time which a 

patient waits in the queue for getting service. Its formula is  
ρ

μ(ଵିρ) = λ
μ(μିλ)

        --------------------------------- (ii) 
 
 
 
Average Time Spent in the System  

The average time spent in a system (on queue and receiving service) is equal to the total time that a 
patient spends in a system which includes the waiting time and service time. Its formula is 

ଵ
μ(ଵିρ)

 = ଵ
μିλ

     ------------------------------ (iii) 
 
Average Number of Patients in the System 

The average number of patients in the system is equal to the average number of patients who are in the 
line or server. It is defined as 

ρ
ଵିρ

  =  λ
μିλ

  -------------------------------- (iv) 
 
Average Queue Length 

The average queue length is composed of the average number of patients who are waiting in the queue. 
It is defined as  

ఒమ

μ(μିλ)
    ------------------------------- (v) 

 
The Probability of not Queueing on the Arrival 
     
               = 1 – ρ                    -------------------------------(vi) 
 
 

VI. Calculations Performed for the Case Study 
 

The arrival time as well as the time service began and ended for 125patients in the local health care 
clinic “Venkatesh Nursing Home”. There are two types of services; consultancy and surgery. A total of 22 days 
were used for the data collection. On the basis of actual observed collected data, we find that 
Total waiting time of 125 patents for 22 days = 1584 minutes 
Total service time of 125patients for 22 days = 1320 minutes 
Using the model parameters for the single channel queueing model, we arrive at the following results: 
 
The arrival rate, λ =  ୘୭୲ୟ୪ ୬୳୫ୠୣ୰ ୭୤  ୮ୟ୲୧ୣ୬୲ୱ

୘୭୲ୟ୪ ୵ୟ୧୲୧୬୥ ୲୧୫ୣ
 

 = ଵଶହ
ଵହ଼ସ

= 0.0789               -------------------- (i) 
 

The service rate, μ =  ୘୭୲ୟ୪ ୬୳୫ୠୣ୰ ୭୤  ୮ୟ୲୧ୣ୬୲ୱ
୘୭୲ୟ୪ ୱୣ୰୴୧ୡୣ ୲୧୫ୣ

 

  = ଵଶହ
ଵଷଶ଴

= 0.09469 ------------------- (ii) 
  

The average time spent in queue (before service is rendered) 
  = ఒ

ఓ(ఓିఒ) = ଴.଴଻଼ଽ
଴.଴ଽସ଺ଽ(଴.଴ଽସ଺ଽି଴.଴଻଼ଽ)

 
 

= 52.9530≡ 52minutes  ----------------- (iii) 
 

The average time spent in the system 
= ଵ

μିλ
 = ଵ

଴.଴ଽସ଺ଽ – ଴.଴଻଼ଽ
 

 
= 63.3312 ≡ 63 minutes      ------------- (iv) 
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Average number of patients in the system 
   = λ

μିλ
 = ଴.଴଻଼ଽ

଴.଴ଽସ଺ଽି଴.଴଻଼ଽ
 

 
   = 4.9968 ≡ 5      ------------- (v) 
 
Average queue length (i.e. Average number of patients in queue) 
   = ఒమ

μ(μିλ)
  =  ρమ

(ଵିρ)
 

 
= ଴.଺ଽସଶ

଴.ଵ଺଻
 = 4.1570 ≡ 5------------- (vi) 

 
The probability of queueing on arrival i.e. Traffic  

= ρ = ఒ
μ
 

 
= ଴.଴଻଼ଽ
଴.଴ଽସ଺ଽ

 = 0.8332 --------------- (vii) 
 
The probability of not queueing on the arrival 
   = 1 – ρ  
 

= 1- 0.8332 = 0.167------------- (viii) 
 
 

VII. Results And Discussion 
A single channel queueing system is used to represent the local health care clinic where doctor is 

treated as a single server and the model parameters are applied for calculations. The case study is on the basis of 
the actual observed data collected in 22 days of service for 125 patients. 
The traffic intensity, ρ = ఒ

μ
 = 0.8332 obtained in (vii) shows the probability of patients queueing on arrival.  This 

reveals the congestion of patients waiting for treatment as doctor is engaged in rendering service to the patients 
that has earlier been given appointment either for surgery or consultancy. This represents the inadequate service 
system of the clinic. 

Also from the results (iii) and (iv) it is obvious that the average time spent in the clinic (in queue and in 
receiving treatment) is greater than the average time spent in the queue before providing treatment. Thus, there 
will always be a queue of patients in the clinic which is also very clear from the results (v) and (vi). The result 
(viii) shows that there is a very less possibility of providing services to new arriving patients. 

 
VIII. Conclusion 

In course of the case study it was observed that in the clinic, patients have to spare tremendous waiting 
time for service, and a result of which emergency patients may suffer. 

It is observed that the congestion occurs due to patients waiting for the doctor who has been engaged in 
surgical operation of the patient earlier given appointment. But in case of some emergency, the earlier given 
appointments are postponed to another schedule and this event extend the waiting times of other patients 
including both those waiting for consultation and surgery. This congestion may be reduced either if one more 
server that is a doctor be appointed for first checkup of the patient or the single server that is the doctor may be 
able to fix the number of patients for a day. The second case will not be beneficial for any health care centre 
improvement, it may be termed as denial of providing service for an ailing individual. 
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