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ABSTRACT 

Overlong waiting time of patient in healthcare service has a negative effect on the quality of 

healthcare institutions. This problem can be , improved using modeling and discrete event 

simulation of system process,  which helps the hospital management to identify process 

bottlenecks, and adjust resource allocation or staff  without disturbing the real system. This 

study aims to investigate the role of using simulation programs  in improving the 

performance of overlong waiting time in Libyan Health institutions. To achieve this goal, a 

simulation model of a real process was designed to represent the patient visit and treatment 

process  using quantitative methods during the period  of study. The study found an 

alternative model to improve the current situation in the institution under study, this 

alternative contributed to improve different performance measurements. 

1.  INTRODUCTION 

The health status of any society gives a clear picture of the extent of 

Economic, and Social development and this is what motivated many 

countries worldwide  looking to increase its healthcare services provided by 

health institutions [11]. These days, the public healthcare service represents 

one of the most important priorities. Several researches are conducted in this 

sector to   explore potential patient flow  improvement in healthcare service 

particularly in reduction of patient waiting times for emergency service. 

Nabeel M, and Yousuf M (2017), developed and proposed Discrete-event 

simulation model  in order to improve the existing Emergency Department 
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using Manchester triaged management system [5]. Wang T, Guinet A, used 

Arena simulation model to represent patient care flow process  to reduce 

waiting time and improve doctor's efficientcy in emergency departments [6]. 

Timed Coloured Petri Nets was used to develop a simulation model for 

patient visit processes with emphasis on medical record area and 

examination room [3]. Managing the patient's flow is one of the principal 

role of hospitals, as the stochastic arrival of patients causes a lack of demand 

control and sometimes an unavailability of staff or material resources that 

causes the patient dissatisfaction,  which  has a direct impact on the budget 

of hospitals [4,5] .  

The Significant development and flexibility  of computer simulation 

software made the use of such computer program very essential   to solve 

queuing problems so easy and there are many researchers who applied 

sciences relying on the information obtained by observations through 

laboratory or field study without assuming in advance any assumptions that 

may not be correct [1,2]. Some of the acknowledged advantages of  

computer simulation  include  fewer resource allocation  problems, shorter 

waiting times easier treatment process and above all patient satisfaction [1].  

Recent years have witnessed significant and increasing growth in the 

healthcare services sector in Libya and among the service sectors that 

occupy an important position, the public healthcare services due to the 

importance of services and its direct effect on individuals and society. 

As the public health service in Libya is a permanently open service the 

children healthcare department  requires more staff resources to maintain 

high quality of service. Moreover, patient’s dissatisfaction due to overlong 
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waiting time must be taken into account, and at the same time the work 

stress of  hospital staff can also effect the service quality. 

In this research, data related to the operation process of Misrata Children 

Hospital was collected and analyzed in order to develop a  Discrete Event 

Simulation model to evaluate the performance of the current process at an 

Emergency Department  and to accurately define the current state of patient 

flow in an attempt to develop way in which overlong waiting time could be 

better managed, and prevented. The analysis of patient visit process in the  

Hospital is presented, and then discussion about model building and 

simulation with  Arena, regarding the improvements of Doctor’s efficiency  

and waiting line process.  

2. DESCRIPTION OF THE RESEARCH CASE 

The patients’ process flow of Emergency Department at Misrata Children 

Hospital was used as a case study. The Children Emergency Department  is 

the only healthcare center in the City with approximately 3000 visits every 

month, about 100  patients per day, the patient inflow process is relatively 

stable in a daily basis  and following relatively the same arrival distribution. 

The Emergency Department consist of registration, and admission unit and 

two male and female waiting areas and works three  shifts a day (7-3, 3-11, 

11-7). Patient arriving flow processes depicted in Figure(1)  

 

Figure (1) Patient General Process Flow 
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2.1 Analysis of incoming patient flow  process 

The  hospital provides quick medical service for  cases brought to the 

hospital by personal vehicle , at the morning shift hours (7-3) there are 

always two doctors on duty in the triage and critical patient treatment 

rooms. However, because of a growing number of patient  the hospital has 

been experiencing a growing  number of patient visits each months.  As a 

result, it has become common for patients to have to wait in the waiting 

room until  their turn to be checked up by the doctor. The patient flow 

process is shown in figure (2).  The flowchart depicted in Figure 2 is based 

on the information of the process, obtained through observation and  

surveying the health centre staff . The process of service started when a 

patient arrives at the reception area and ends when a patient is leaving the 

hospital. Few patients ask for emergency care in small hours; and the other 

patients waiting in queue before entering the Triage room The patient 

service consist of  4 successive stages through which the patients generally 

pass. 

1- Registration and Reception Centre: where the Receptionist or clerk 

takes all the information regarding patient names, mobile number, 

identification  numbers, and their arrival times. 

2- Triage and First care: The nurse makes an initial evaluation of the 

patient temperature then refers the patient to the available doctor. 

However, if the doctor is busy then the patient will have to wait in 

the waiting room to be called upon by any of the available nurse. 

3- Admission to Critical Patient Treatment Room: patients arriving in a 

critical symptoms are sent directly to the treatment room to receive 

the required services by the doctor.  
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4- Hospitalization or Discharge: Depending on the level  sever 

symptoms and doctors  decisions. The doctor attends to patient in a 

specified service time and the final decision about the patient 

including discharge (patients in non-critical condition) or admit 

(patients in critical condition) is being taken by the doctor. 

 

Figure (2) Patient Flow process 

2.2 Data Collection and Analysis 

Data acquisition is important because the research results and findings of a 

simulation model depend on the information . Different  data collection 
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methods were used in this study, include review of the patient admission 

information at the registration unit, direct observation and interview with the 

staff. The patient arrival rate and times into the hospital for three working 

days (Monday – Tuesday- Wednesday) between the hours of 7:00am and 

3:00pm 480 minutes per day, this period can be considered sufficient 

because the hospital arrival rate is characterized by its overall stability.  

These data was used to calculate patient arrival rate and inter-arrival time to 

develop  to simulate the model.  

2.3 Statistical Study of the Patient Arrival Rate 

Collecting the statistical results of the patient’s arrival over time period by 

preparing a table containing two rows, the first includes the number of 

patients arriving in the time period, and the second includes the number of 

frequencies. The process of patient's arrival is of great importance in 

queuing theory, where their arrival is random and in different time interval.  

The number of patients arriving at the children department  of the hospital in 

a 10-minute period. Table (1) shows the resulting data. The first row in the 

table shows that there were18, 10 minute periods during which zero patient 

arrived, and 27 in the time interval only one and 30 in ten minutes period 

two patient arrived and so on.   

TABLE (1):  NUMBER OF ARRIVAL IN A TEN MINUTES PERIOD 
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In this research, the time interval is 10 minutes,. An event is the patient 

arrival. From the frequency table the total number of patients are 100 and 

the number of intervals has been 180.  Therefore the mean number of patient 

(the patient arrival rate ) per minutes has been ƛ=
𝟏𝟖𝟎

𝟏𝟎𝟎
= 1.8 per 10 minutes  

= 0.18 per minutes

 

Figure (3) Patient Arrival Frequency Distribution 

 

ARENA Input Analyzer was used to determine the statistical distribution of 

the arrival rate  of the collected data  . the analysis of the arrival statistical 

distribution follow a Poisson distribution with level of significance 0.165. 

These statistical distributions are summarized in Table.  

TABLE (2) : ARRIVAL RATE DISTRIBUTION:  POISSON 
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Figure 4:Patients Arrival follow Poisson Distribution   

2.4 Patient Interarrival Time 

To determine patient’s inter-arrival patterns, the statistical distribution of the 

interarrival time (time between successive arrivals) data was studied for a 

period of this study. The data were analyzed using  ARENA Input Analyzer  

simulation software and the patient arrival data were fitted to an exponential 

distribution which is the best distribution that fits the patients’ arrival 

pattern. using a chi-squared goodness of fit test confirms this result as 

shown in Table 3. the Tables below   shows example of the obtained inter  

arrival time of patients coming to the health centre for the period of one day. 

TABLE (3):  PATIENT ARRIVAL RATE FOR THE FIRST DAY 

First Day 

Inter-arrival 

Time 

Arrival Time 

 

Patient 

Number 

0 8:05 1 

15 8:20 2 

10 8:30 3 

2 8:32 4 

0 8:32 5 

9 8:41 6 
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0 8:41 7 

19 9:00 8 

1 9:01 9 

0 9:01 10 

2 9:03 11 

17 9:20 12 

15 9:35 13 

0 9:35 14 

15 10:00 15 

1 10:01 16 

2 10:03 17 

0 10:03 18 

7 10:10 19 

9 10:19 20 

4 10:23 21 

7 10:30 22 

2 10:32 23 

16 10:48 24 

2 10:50 25 

0 10:50 26 

10 11:00 27 

1 11:01 28 

3 11:04 29 

9 11:13 30 
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7 11:20 31 

2 11:22 32 

3 11:25 33 

7 11:32 34 

3 11:35 35 

5 11:40 36 

10 11:50 37 

10 12:00 38 

4 12:04 39 

1 12:05 40 

6 12:11 41 

8 12:19 42 

14 12:33 43 

28 13:01 44 

9 13:10 45 

0 13:10 46 

16 13:26 47 

9 13:35 48 

15 13:50 49 

 

Figure 5: Patients Interarrival Time Distribution for First Day 
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As depicted in the table above, the first column shows the arrival time for 

the patient at the hospital where the second column shows the time between 

arrivals . the analysis of the interarrivals of patients entering the hospital to 

receive care for one day is shown in table 4. 

 

TABLE (4): PATIENT ARRIVAL DISTRIBUTION FOR TWO DAYS 

 Patient Arrivals First-Day Second-Day 

Time 7:00-15:00 7:00-15:00 

Distribution Exponential Exponential 

Mean 6.84 4.85 

×
2 

test 0.249 0.735 

Null Hypothesis Accepted Accepted 

 

 

Figure 6: Patients Interarrival Time Distribution for Second Day 

 

The average time between patient arrivals for the period of this research is 

5.8  minutes. This is computed using in the following manner: 
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Average time between arrivals (minutes) =
𝐒𝐮𝐦 𝐨𝐟 𝐚𝐥𝐥 𝐭𝐢𝐦𝐞𝐬 𝐛𝐞𝐭𝐰𝐞𝐞𝐧 𝐚𝐫𝐫𝐢𝐯𝐚𝐥𝐬

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐚𝐫𝐫𝐢𝐯𝐚𝐥𝐬−𝟏
 

 

                                                         = 
𝟕𝟎𝟗

𝟏𝟐𝟑−𝟏
= 𝟓. 𝟖 minutes 

the process service time and  distribution of patient in the hospital are shown 

in the table 5.   

TABLE (5): TIME DISTRIBUTION FOR PATIENT SERVICE PROCESS 

Process Distribution/min 

Registration Tria(1,2,3) 

Nurse Assessment Tria(2,4,6) 

Patient Treatment Unif(8,15) 

Observation Unif(10,15) 

 

3. MISRATA CHILDREN HOSPITAL SIMULATION 

MODEL 

Arena is a computer software used for simulation of a real or proposed 

operation system  developed by Rockwell Automation Company, which is 

used to simulate the hospital patient  process in order to analyze the 

performance of its' services quality . The system was simulated   for a period 

of 6 months for 8 hours time period  (peak time from 7am to 3 pm).  

using computer simulation allow us to adjust the resources allocation 

(Receptionist, Nurse, and Doctor)  and then observe the system behavior. 
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Figure 7: The Children Emergency Department Simulation Model 
 

the  Figure 7, presents  a layout for patient service  process using Arena 

model which consist of the following modules: Create process module, 

Dispose process module, Decide module, Process, Record and assign 

module.  The model starts from a Create process block, in which the entities 

(Patients) are created , and then all the entities are classified into two 

categories: Critical, and non critical patient where they are classified  in 

different ways by a Decide module. Decide process block is used to 

distinguish two routes between  hospitalization and Observation. Return 

home and Stay in hospitalization units were considered as two termination 

of this model . 

As a patient enters  the hospital in Emergency symptoms , go straight to the 

treatment room without going through the entering process. According to 

the information from the date gathered from interviews and observations 

30% of patients request emergency service.    

Patient arrival lime follow  passion process with a mean inter- arrival time 

of almost 6 minutes, the information of incoming patient is first taken by the 

Patient Arrive Reception Desk
Assessment

Nurse
T ru e

F a l s e

Decide Criticality

Critical PatientObservation
T ru e

F a l s e

Symptoms

Showing Poor
Hospitalisation

Discharged

Misrata Children Hospital

Arrive Time
Assign Patient

Patient

Discharged

Record

Patient

Hospitalised

Record

0           0      0

0      

     0

     0     0

0      

     0
0      

0      
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receptionist at the reception center with time distributed triangular between 

(1,2,3) minutes. Each patient undergoes a nurse assessment process in which 

a nurse determines the sever symptom level of the incoming patients, the 

time distribution is triangular with a minimum of 2 minutes a maximum of 6 

minutes and the most likely value 4 minutes. According to the information 

90% of incoming patient considered  a non-critical patients and  discharged.   

4. MISRATA CHILDREN HOSPITAL PROPOSED 

SIMULATION MODEL 

 
In the proposed model one additional doctor and nurse in the first 

shift(7AM, 3PM) of the treatment and observation room respectively, the 

doctor is called when the number of patient in the treatment room exceeds 

two patients and dismissed when the patient in the treatment room goes to 

zero. 

 

Figure 8: The Proposed Children Emergency Department Simulation Model 

Patient Arrive Reception Desk
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0           0      0

0      
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     0     0
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5. RESEARCH RESULT AND ANALYSIS 

 

The experimental results of the actual and proposed models are presented in 

the Table 6 and Table 7 respectively. Unlike the Critical Patient Treatment 

and Observation process, the Reception process are operating much more 

smoothly in both models (actual and proposed model ), since the process 

time of this operation is very short and does not depend on other operations. 

The utilization of doctor in the critical treatment and nurse is high, and this 

result means that the probability that the patient long queuing  is very high 

all of the time and this gives a clear indication of the presence of significant 

crowding for patients and greater pressure on the hospital management, 

however, the utilization Schedule for both doctor and nurse are not much 

different cross the actual and proposed model. 

TABLE (6): WAITING TIME AND NUMBER OF  PATIENTS  UNDER EACH PROCESS. 

Mean waiting 

time of 

patient in 

critical 

treatment 

Mean number 

of patient 

waiting for 

treatment 

Doctor's 

working load 

rate 

Nurse's 

working load 

rate 

Mean 

waiting time 

in  

Observation 

90 minutes 7 Patients 94% 87% 15 minutes 

 

 

 

Figure 9: Doctors, Nurse, and Receptionist Utilization 
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The average number of patient  in the critical patient treatment room is 7, 

this has a great indication to the hospital management to reduce the number 

of patient as much as possible, as for  7 patients are very long for patient to 

wait in the queue by comparing this result with the result obtained from 

Expectations in the interview, where   all patients do not like the current 

situation. The average time spent in the hospital is 48 minutes, and one hour 

and 37 minute for discharged and hospitalized patient respectively, and this 

period is very long, due to the long time the patient spends while they are on 

the waiting line, and this also indicates that the arrival of patients are very 

large and exceeds the rate of service provision. 

The differences between the actual and proposed  results could be explained 

by the fact that proposed model is more efficient  because of the long 

waiting time and the overload of doctor at the treatment room is solved. 

Obviously, the mean waiting time is also shortened from 90 to 11 minutes. 

TABLE (7):  WAITING TIME AND NUMBER OF  PATIENTS  UNDER EACH PROCESS. 

Mean waiting 

time of 

patient in 

critical 

treatment 

Mean number 

of patient 

waiting for 

treatment 

Doctor's 

working load 

rate 

Nurse's 

working load 

rate 

Mean 

waiting 

time in  

Observation 

11 minutes 1 Patients 84% 83% 6 minutes 

 

The average number of patient in the waiting line is equal to one patient, 

this improvement are related to the additional nurse in the proposed model. 

for the observation process, the queue average waiting time and number of 

patient in the queue display less congestion for the proposed model . this is 

because one nurse and one doctor were added in the peak time period 

(morning shift)  



Journal of Applied Science(JAS)                                                              Vol. 33 No. 1,  June 2020 

 

 

17 

 

Figure 11: Resource utilization of the proposed model 

 

TABLE (8): THE RESULT FOR THE ACTUAL AND PROPOSED MODEL 

 

Result Actual Model Proposed Model 

Average waiting time 

in queue (min) 

Critical Patient  Queue 

Nurse Assessment  Queue 

Observation Queue 

Reception Desk Queue 

 

 

99.87 

15.71 

15.7 

0.03 

 

 

11.8 

6.4 

5.9 

0.03 

Average number 

waiting in queue 

Critical Patient  

Nurse Assessment  

Observation  

Reception Desk  

 

 

7.5 

2.5 

1.5 

0 

 

 

0.88 

1.05 

0.58 

0 

Average time in the 

system 

Record Discharged Patient 

Record Hospitalized Patient 

 

 

48.75 

137.21 

 

 

29.2 

39.28 

Scheduled utilization 

of resources 

Doctor  

Nurse  

Receptionist 

 

 

0.9410 

0.8747 

0.1649 

 

 

0.80 

0.83 

0.16 
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6. DISCUSSION OF RESULTS 

The result of the study shows that  most the patient waiting time  are 

affected by three services , which are: Patient Treatment, Nurse Assessment, 

and  Observation process. During the simulations a working overload of 

doctor in the critical patient treatment was discovered; it means that patient 

flow was often blocked at the functions executed by the doctor. 

According to the simulation results, it’s possible to reduce the waiting time 

rate by 80% just by adding one doctor and one nurse in the nurse assessment 

and critical patient treatment room, but this time reduction require that the 

staff of the hospital are well motivated and perform their job effectively, 

which is not true in the case in public hospitals in Libya due to the  work 

stress that they’re facing every day.  Through the results of number of 

patients waiting and waiting time indicators, and compared to the results of 

the interview, the waiting time that the patient spends is too long and in 

order to change the current situation and improve performance measures in 

the public health institution , decision-makers should consider reducing 

waiting time and making appropriate decisions to improve the performance 

of staff through  finding another improvement way which is to follow a 

methodology to increase its performance such as modeling  the patient flow 

process to detect bottlenecks of the service process, and proposes a 

continuous improvement spirit.  
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