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ABSTRACT 

 This research studies the characteristics of outpatient flow and analyzes the 

service problems of the pediatric department at a large public university hospital. The 

results from observation show that the outpatients spend their time waiting for about 

80.45 and 76.20 percent of the total time in the system in the morning and afternoon 

sessions, respectively. In particular, patients spend more than half an hour awaiting the 

service in the diagnosis process in both the morning and afternoon sessions. The very 

long waiting time leads to patient dissatisfaction. The research then modeled the 

patient flow and used discrete event simulation to analyze the effectiveness of three 

improvement strategies; i.e., increasing the number of physicians, staggering of 

physicians’ working hours, and improving the patient appointment system. The 

simulation results revealed that the staggering strategy is likely to be the better choice 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Importance and background of problems 

     Nowadays, there are a lot of problems in the world, which have both 

physically and mentally effects on people.  No matter what the effects are, they 

definitely have impacts on human health.  As a result, human are contracting many 

diseases.  If we look at Table 1.1, we clearly see that the numbers of both outpatients 

and inpatients who come to public health centers increased every year.  In addition, 

this table shows that the number of outpatients is higher than that of inpatients.  This 

occurs mainly in 2009 where the ratio of outpatients to the total number of population 

is 2,639:1,000.  This indicates that one patient gets more than one treatment for an 

illness and/or a syndrome.  Because the government provides public health insurance 

for the citizens, there are more patients coming to the public health centers and this 

worsens the quality of service.  Although the government has increased the health 

service throughout the country, getting the service is still difficult.  While private 

hospitals provide a better service, the fees are so expensive that only the minority is 

able to pay to get the service.  

Bureau of Policy and Strategy, Office of Permanent Secretary for Public 

Health (2010) states that the World Health Organization (WHO) declared manpower 

shortages in public health to be a critical problem in 2006.  The proportion of medical 

personnel to Thailand’s population is 30:100,000 which is quite low.  These 

manpower shortages are getting more serious, partly due to an increasing number of 

physicians’ leaving for working at a private hospital.  Another cause of the problem is 

the policy to promote Thailand as the medical hub which aimed to obtain revenue 

from providing medical services to wealthy foreigners. 
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Table 1.1 Numbers and rates of inpatients and outpatients from public health centers 

in Thailand between 2005 and 2009.   

Year 

 Inpatients  

(75 groups of causes) 

 Outpatients 

(21 groups of causes) 

 Quantity 

 Ratio  

(per 100,000 

population) 

 Quantity 

Ratio 

(per 1,000 

population) 

2005 7,749,734 - 106,251,652 - 

2006 8,092,741 - 118,422,898 - 

2007 8,911,696 15,572 130,741,335 - 

2008 9,497,993 16,518 140,078,456 2,436 

2009 10,307,684 17,849 152,428,645 2,639 

 

Source:  http://service.nso.go.th/nso/nso_center/project/search_center/23project-th.htm 

 

   Due to a large number of patients and manpower shortages, there are more 

patients waiting to get treatment, and the health centers or hospitals become crowded.  

This happens, especially, in large public hospitals where many people trust.  In order 

for the public hospitals to efficiently provide service and meet the patients’ demand, 

we must take patient flow into consideration.  Patient flow needs to be efficiently 

managed throughout the process.  

   System design and development usually use a model as a necessary tool to 

help analyze the tasks before practical performance.  Considering only the modeling of 

operation system in hospitals, “this modeling has been studied for more than 30 years” 

(Swisher et al., 2001).  Previous researches were conducted in many different units of 

a hospital such as outpatient clinic (Côte, 1999; Su and Shih, 2003), mammography 

clinic (Coelli et al., 2007), ambulatory care unit (ACU) (Santibáñez et al., 2009), 

emergency department (Ahmed and Alkhamis, 2009; Brenner et al., 2010), and 

nephrology outpatient department (Jerbi and Kamoun, 2011).  All of the researches 

considered patient satisfaction and resources utilization in the department.  The 

objective of these researches was to find out how to provide service with efficiency 
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and no interference in the real operation system.  However, previous researches were 

usually carried out on the units which had not many patients, so there are only few 

people who may benefit from these researches.  To get the highest benefit, a research 

study was conducted at Ramathibodi Hospital which is a large public university 

hospital in Thailand.  This hospital absolutely cares about the patients’ demand and 

expectation.  There are more than 1.3 million outpatients per year, who go to this 

hospital for treatment (Division of Policy and Planning, Office of the Dean, Faculty of 

Medicine Ramathibodi Hospital, Mahidol University, 2007).  Moreover, this research 

studied the outpatients whose number is very large.  In addition, the outpatient 

department treats patients who do not have serious symptoms. They do not stay any 

nights, and/or can come back for an examination later (Auaychai, 2001).  This makes 

it easy for the researcher to follow up on the outpatients throughout the service.  The 

department which was the case study in this research was the pediatrics department 

because this department manages its service in the form of one-stop service which the 

patients have a medical examination and buy prescription drugs in the same area.  This 

is very convenient for data collection.  Furthermore, the problems of patient flow have 

occurred all over the country for a long time, but they have not been improved.  From 

now on, if the problems are neglected, they will be chronic problems in health care 

area continuously.  Unfortunately, they may affect to the patients’ life if the patients 

have an acute symptom and must wait to see physicians for a long waiting time.            

 

 

1.2  Research objectives   

This research has two main objectives as follows:   

1) To study and understand characteristics of service and flow of 

outpatients in the case study hospital. 

2) To analyze problems and suggest possible solutions to decrease the 

total waiting time and total time in the system of the outpatients. 
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1.3  Scope of the research   

 The scope of study is as follows: 

1) This research only studied the flow of outpatients. 

2) This research studied a large public university hospital and analyzed the 

service of the Pediatrics Department in this hospital. 

 

This chapter has shown the importance and causes of problems, objectives, 

and scopes. It provides clear understanding about the service in the public health 

centers in Thailand.  Consequently, the next chapter will review theories and 

researches related to this research.   
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CHAPTER IΙ 

LITERATURE REVIEW 

 

 

    The objectives of this research are to understand the service and patient 

flow of outpatients in a hospital, and to suggest possible solutions to increase the 

efficiency of the service.  Therefore, it is important to study theories and researches 

about patient flow and tools for improving the service.  Then, the researcher studied 

related theories, and national and international researches to obtain more data and 

knowledge regarding the simulation, patients flow analysis, key performance 

indicators and analytical tools. 

 

 

2.1 Health care service in Thailand 

    Health care service is a service which focuses on patients, and has 

interaction with the patients continuously (Li and Benton, 2003).  Recently, there are a 

lot of health centers where people can get this service in Thailand.  Moreover, Bureau 

of Policy and Strategy, Office of Permanent Secretary for Public Health (2010) states 

that 134 hospitals passed the Hospital Accreditation (HA) in 2005, but getting the 

service in public health centers is still difficult.  While private health centers provide a 

better service, the fees are so expensive.  Therefore, only a minority of people can 

afford to get the service. 

    For public health’s budget point in 2005, the Total Health Expenditure 

(THE) of Thailand is approximately 3.6% of the Gross Domestic Product (GDP).  

Conversely, an average THE of international level is 7.7% of GDP.  In other words, 

Thai people have spent only 3,974 Baht per year for THE.  There is an increase in 

proportion of the budget for personnel while proportion of the budget for an operation 

decreases by 15%.  In addition, the government has a problem to allocate the budget to 

health centers.  For these reasons, many health centers run into debt, and the debt will 
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become health expenditure of the government later (Bureau of Policy and Strategy, 

Office of Permanent Secretary for Public Health, 2010). 

    Because of these problems, health centers have been trying to improve 

themselves to be able to deal with the problems.  First, the public health centers, as 

well as the private ones, have tried to improve their service.  For instance, they 

organize special clinics which serve a better service, and the patients do not have to 

spend as much money as they do in the private health centers. Moreover, they try to 

improve the patient flow in order to reduce patient’s waiting time.  Second, the public 

health centers try to manage their existing resources instead of employing new 

personnel.  Consequently, they can cut costs and use their manpower efficiently.     

           

    

2.2 Patient flow 

    Patient flow can be described as a network which begins when patients are 

first diagnosed or where patients arrive at a health center.  The patient flow is finished 

when the patients leave the health center (Côté, 2000).  It can be considered as a 

patient’s journey which patients will pass through processes or stations in the health 

center.  The resources in health centers such as examination rooms, nurses, or medical 

equipment are used throughout the flow (Koo et al., 2010).  Each department or health 

center may have a different flow because it has different medical treatment and level 

of complication.  Moreover, there are inpatient department (IPD) and outpatient 

department (OPD) which have different characteristics of flow.  The IPD is a unit in a 

health center where patients are admitted in and stay overnight to obtain the health 

service.  In contrast, the OPD is a unit in a health center which provides health service 

to patients who do not stay overnight there.  An example of patient flow is shown in 

Figure 2.1 which is a flow in an outpatient department of a large general hospital 

(Wijewickrama and Takakuwa, 2005).  It begins when patients arrive at the 

department and register.  Patients may have a laboratory test and X-ray before 

consulting a doctor.  Next, they may need a second consultation and can be 

hospitalized.  If they have a follow-up visit, they will make an appointment for their 

next visit.  The last step is billing and/or fax prescription to the pharmacy, and then 
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patients leave the department.  In the same Figure, if the patients consult their doctor 

and are hospitalized, they will be the patients of the IPD. 

    There are numerous researches which studied the patient flow.  To 

illustrate, Sepúlveda et al. (1999) studied patient flow throughout the unit, and 

analyzed the patient flow and demand of resources in a new building.  Medeiros et al. 

(2008) improved patient flow to reduce waiting time in the hospital’s emergency 

department.  Koo et al. (2010) analyzed the main factors which are the causes of 

inefficient patient flow at a gastrointestinal endoscopy unit by using the simulation 

model.  These researches were aimed to improve the patient flow owing to problems 

about waiting time and patient satisfaction.  In fact, an unsystematic patient flow  

results in an increase in waiting time (Potisek et al., 2007; Koo et al., 2010), a decrease 

or an increase in resources utilization, a reduction in service quality, and an increase in 

service cost.  Therefore, a patient flow which has a lot of patient throughput, fast 

service, and low waiting time is an efficient patient flow (Koo et al., 2010).    
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Figure 2.1 Patient flow diagram in outpatient department 

(Source: Wijewickrama and Takakuwa, 2005) 

 

 

2.3 Key Performance Indicators (KPIs) in health care  

    As a result of the problems in the patient flow, the researchers found a 

variable called Key Performance Indicators (KPIs) which are used for indicating the 

most efficient alternatives that can be applied in the real world system.  In other 

words, the KPIs are tools which are used to evaluate the process in the health care 

system.  Therefore, they are required in an improvement of performance (Stannard et 

al., 2008).  Miller et al. (2009) stated that modeler must choose the KPIs carefully and 
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describe them clearly.  For example, ED LOS is the length of stay of emergency 

department patients.  It is computed for patients who are admitted to IPD and/or 

released from the emergency department.  In many health care researches, there are 

three preferential KPIs, i.e., lengths of stay, waiting time, and resources utilization. 

   

    2.3.1 Length of Stay (LOS) / Total time in the system 

    Length of stay (LOS) refers to the total time which patients spend in health 

centers.  In simpler words, it is a time period when patients register to obtain a service 

up to the period when they leave the health centers.  For example, Siegel et al. (2009) 

studied in the emergency department of eight hospitals and found duration from triage 

to discharge, or LOS, is 3.7 hours.  It is used to measure a performance of health 

centers such as in medical assessment unit (Oddoye et al., 2009) and emergency 

department (McCarthy et al., 2009).  When the LOS is extended, patient satisfaction 

will be decreased (Schneider et al., 2003; Finamore and Turris, 2009).  Similar to what 

McCarthy et al. (2009) said, many researchers found an increase in LOS related to 

crowding, so it makes patients unsatisfied.  Moreover, the LOS is also increased by 

long waiting time (Beck et al., 2009).  For these reasons, it can affect patient 

satisfaction and can evaluate the quality in health care system.  Obviously, health 

centers should organize theirs system efficiently because an origin of LOS’s problem 

is in their own systems (Siciliani et al., 2009). 

 

    2.3.2 Waiting time 

    Waiting time refers to a non-value added time which patients spend to wait 

in stations to obtain service at health centers.  In patient flow, it usually has many 

durations of waiting time at different points such as b, d, f1, and g in Figure 2.2 which 

is a patient flow in Ambulatory Care Unit (Santibáñez et al., 2009).  A long waiting 

time has been a major problem in health care service for many years.  It shows lack of 

ability to deliver health care in this system (Gupta et al., 2007).  Murray and Berwick 

(2003) said long waiting time is a common problem which patients and physicians 

have experienced in a health care center.  Several public health centers choose to have 

their patients wait instead of decreasing queues by investing in resources (Leung et al., 

2006).  British Columbia Cancer Agency’s ambulatory care unit tried to reduce the 
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patients’ waiting time.  In the best case, they reduced waiting time by starting the 

clinic on time, increasing 30% of appointment durations, and entering add-ons 

schedule at the end of the day (Santibáñez et al, 2009).  The waiting time varies 

according to various factors such as types of patients, lack of medical equipment 

and/or personnel, and inefficiency of the system.  For instance, patients’ cases affect 

waiting times as emergency patients have less waiting time than non-emergency 

patients (Kennedy et al., 2004; Finamore and Turris, 2009).  Moreover, hospitals 

located at the low socioeconomic area (Hoot and Aronsky, 2008), have a large number 

of patients (more than 30,000 visits per year).  The teaching hospital has increased the 

waiting time more than others (Finamore and Turris, 2009).  Above all, the long 

waiting time should be reduced to lower than current situation because it affects 

patient satisfaction significantly (Thompson et al., 1996).  Some patients decided to 

leave without being seen (Hoot and Aronsky, 2008).      

 

 

 

Figure 2.2 Patient process for an ACU appointment 

(Source: Santibáñez et al., 2009) 

 

    2.3.3 Resource utilization 

    Resource utilization refers to work’s volume of a resource (Cardoen et al., 

2010).  It measures the performance of the system (Santibáñez et al., 2009; Banks et 

al., 2010; Centeno et al., 2010; Eitel et al., 2010).  For instance, Santibáñez et al. 

(2009) used resource utilization, waiting room occupancy and examination room 

utilization, to estimate the performance of their scenarios.  In addition, not only do 

resources refer to work’s volume of equipment but they also refer to work’s volume of 

personnel.  Similarly, Oddoye et al. (2009) used utilization of physicians and nurses to 
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measure the performance of health centers.  The resource utilization is calculated as a 

ratio of the actual working time to the total time in system.  More simply, it is 

described as a proportion of resource’s busy time (Banks et al., 2010).  The resource 

utilization also determines bottlenecks and redundant resource capacity in the system 

(Law, 2007).  If the resource utilization is very low, that resource maybe unnecessary 

for the system.  In contrast, if the resource utilization is nearly 100 per cent, the 

bottleneck occurs at that resource.  For example, triage process in emergency 

department is overcrowded because triage nurse has a lot of work in the current 

situation.  Therefore, the triage nurse utilization exceeds 80 percent and can go up to 

99 percent (Khurma et al., 2008).  Without a doubt, the resource utilization can help an 

analyst to decide on an investment in expensive equipment and/or to cut off the 

unnecessary personnel like Siciliani et al. (2009) said hospital cost depends on the 

resource utilization.  However, when resource utilization is low, the system can work 

smoothly.  Therefore, an analyst should use different utilization levels to analyze the 

performance of the system (Efe et al., 2009).             

    To summarize, these three key performance indicators (KPIs): length of 

stay, waiting time, and resource utilization, are related to one another.  When resource 

utilization is very high or there is lack of resources, patients must spend time waiting.  

Conversely, if resources are used effectively, the length of stay will be reduced (Aktaş 

et al., 2007).  For this reason, health centers must improve their patient flow system 

circumspectly in order to decrease the length of stay and waiting time, and increase 

resource utilization.         

 

 

2.4 Simulation 

    Simulation is a behavioral duplication of a real-world system.  It is usually 

used to analyze results if an actual system is changed from present situation or used to 

learn about an interesting system before the system is built in real operating system.  

Thus, simulation is a tool for solving problems in the system.  The steps for studying it 

which is written by Banks et al (2010) are shown in Figure 2.3.  The areas of 

simulation application are various such as manufacturing applications, business 

processing, logistics, and health care (Banks, 2010).  Above all, there are many 
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advantages according to Banks et al. (2010) that Pegden, Shannon, and Sadowski 

(1995) indexd the following advantages 

- It can find new policies, procedures, decision making, etc. without 

interfering the operations in real-world system. 

- It can test new design, plan, and system of transportation without using 

resources of real-world system. 

- It can examine hypothesis about how/why phenomenon occurs? 

- It can analyze bottlenecks of the system which cause delay. 

- It can answer what-if questions. 

    On the other hand, it also has disadvantages. It takes a lot time and costs to 

build the simulation model.  Furthermore, model builders will be trained for some time 

and they must study throughout their experience.  

    There are several ways to categorize the simulation models, but the 

popular ways are Static vs. Dynamic, Deterministic vs. Stochastic, and Continuous vs. 

Discrete (Law and Kelton, 2000; Law, 2007; Kelton et al., 2008 and Banks et al., 

2010).  Especially, Discrete-event Simulation (DES) is used as a decision tool in many 

health care researches.   

    DES involves a system modeling and the system changes at only countable 

points in time.  These countable points are the points where an event happens, and a 

system’s state may be changed at the points (Law, 2007).  Above all, entities, like 

patients, are allowed in a system to have interaction with each other (Ramwadhdoebe 

et al., 2009).  An application of DES in health care has been recognized by decision 

makers since there are many successful DES researches (Hall, 2006).  For example, 

Wijewickrama and Takakuwa (2006) developed DES for studying doctor schedules 

and appointment schedules in an outpatient department.  Coelli et al. (2007) defined 

optimal conditions for operating the case study clinics and found the most sufficient 

capacity by using DES.  Gibson (2007) used DES to make decisions for designing 

buildings in a hospital.  Ashby et al. (2008) used DES to analyze the impacts when 

they changed capacity and process in the inpatient unit.   Huschka and Denton (2008) 

used DES to design an Outpatient Procedure Center (OPC) for decreasing waste of 

resource and improving flow of patients.  
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Figure 2.3 Steps in a simulation study 

(Source: Banks et al., 2010) 

 

    These researches show many advantages of DES such as being fast and 

having low cost (Coelli et al., 2007).  Moreover, decision makers can make mistakes 

on a model, so they can decrease the cost for system correction in real world 

(Ramwadhdoebe et al., 2009).    

   Not only do the researches published the applications of DES, but they 

also reported about the simulation software.  The researchers can use different 

software to build a model although they study the same department.  In particular, 
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emergency department can be modeled by Extend (Miller et al., 2003), Rockwell 

Arena (Samaha et al., 2003), SIMUL 8 (Brenner et al., 2010), or Unified Modeling 

Language (UML) (Martin et al., 2010).  Likewise, model builders can use MedModel 

software (Su and Shih, 2003; Coelli et al., 2007; Vos et al., 2007), VBA programs 

(Angelis et al., 2003; Guo et al., 2004; Wijewickrama and Takakuwa, 2006; 

Wijewickrama and Takakuwa, 2008) and other software to build a model of any health 

center.  Banks et al. (2010) gave suggestions for selecting software that is easy to use, 

accurate, vendor-support, and suitable.  However, model builders should pay attention 

to the selection of software that will give accurate outputs.   
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2.5 Model validation 

    Validation is an important step in a simulation study as shown in Figure 

2.3.  Law (2007) identified the comparison with an existing system, expert opinion, 

another model, and animation are the ways to validate the simulation model.  The 

researcher reviewed the researches about the validation process. These researches 

briefly explain their method as summarized in Table 2.2.  The researcher found that 

the time in system, waiting time, and process times are numerical statistics that were 

preferred to use in the validation process.  The frequently-used approaches for the 

validation are hypothesis testing with 95% confidence interval and the computation of 

percentage error.  The past researches did not clearly explain about the criteria that 

they exactly use to justify the model.  Seemingly, the highest percent of error is 15%.  

Consequently, the researcher adopted the approaches to validate the simulation model. 
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    The related theories, researches, and data reveal the problems in health 

care area as long length of stay, long waiting time, and very low/high resource 

utilization.  Especially, these problems usually occur in public health centers where 

have a lot of patients come to get a service.  In Table 2.1, it shows the list of 

researches which studied in health care service.  An objective of them is to improve 

health centers to be able to deal with the problems.  Moreover, they used the 

simulation model as an analytical tool.  The simulation model has many advantages, 

and it is compatible with these researches.  In addition, case studied health centers are 

usually not a large hospital, or there are not numerous patients like in Thai public 

hospitals.  Actually, a large public hospital in Thailand has a problem in patient 

crowding.  If a researcher can analyze a system of the hospital, and find strategies to 

deal with the problem, the hospital will have an efficient system.  Furthermore, there 

are many patients who will be satisfied in a better service.  Therefore, the research 

“Exploring strategies to improve flow of patients: A case study of pediatrics outpatient 

department of a large public university hospital” is proposed here in.   

    This research is aimed to improve a system in a large public hospital and 

helps the hospital to have a better health care service, and make patients happy when 

they leave the hospital.  Even though this research studied in the area of health center 

similar to the researches listed in Table 2.1, the case studied hospital in this research is 

different from them.  The case studied hospital is a large public hospital and also a 

university hospital.  Thus, there are many patients come to obtain the medical service 

from all over the country.  In the Annual Report 2007 of the Faculty of Medicine 

Ramathibodi Hospital, Mahidol University (2007) stated that the case studied hospital 

had 1,354,284 outpatients and 36,029 inpatients came to visit in 2007.  In contrast, the 

greatest quantity of patient in Table 2.1 is just 450,000 outpatients per year in Ullevaal 

University Hospital (Martin et al., 2003).  In other words, the patient’s quantity of the 

case studied hospital has triple more than Ullevaal University Hospital.  Since it has 

numerous patients who are waiting to see a physician in an appointment schedule, it 

should manage its system to deal with the patient satisfaction.  Having inappropriate 

strategies of system’s management may affect to patients’ lives.  Consequently, this 

research would be very useful.  Above all, researches about simulation modeling in 

health care system can hardly be found in Thailand, although it has been studied for 
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more than 30 years in other countries (Swisher et al., 2001).  The research like this 

case study will provide a good lesson for other subsequent researches and the 

development of the health care system in Thailand. 

 

    This chapter describes about the health care service in Thailand, patient 

flow, key performance indicators (KPIs) in health care and simulation.  The researcher 

reviewed this knowledge from the related theories, national and international 

researches, and data from the ministry.  In fact, the present health care service in 

Thailand still has problems for being difficult to obtain the service from the public 

health centers.  Several health centers run into debt which will become the heavy 

burden for the government soon.  For these reasons, the health centers worked harder 

to improve the service and patient flow, and manage their resources.  From many 

researches which the researcher has reviewed, they have guided a clear idea about 

patient flow to the researcher.  Because of this, this research considers studying an 

improvement of patient flow.  Discrete-event simulation (DES) which involves a 

system modeling and has been recognized by decision makers is chosen as a main 

analytical tool of this research.  The next chapter will explain a research methodology 

which includes research data, analytical tools, method of research, and research 

planning. 
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CHAPTER IΙΙ 

RESEARCH METHODOLOGY 

 

 

   In Chapter 2 the researcher has described the theories and researches 

which are related in this research.  Moreover, the researcher explained about the 

research ideas that obtain from many researches in the literature review.  Then, those 

ideas have been developed to be this current research.  This chapter will reveal 

research methodology which includes research data, analytical tools, method of 

research, and research planning.  The details are as follows.  

 

 

3.1  Research data 

 

   3.1.1 Data characteristics 

   The data of the research are categorized into two main parts. First part is 

the data which involve a chain of patient service.  It begins from the first activity to the 

last activity. Thus, these data are the entire service activities and the entire resources in 

the department.  Second part is the data about an opinion of personnel who deal with 

patients, and know about the problems in the department.  Both parts are important 

data which help to understand the service’s characteristics and outpatient flow.  In the 

end, the researcher can propose ways to improve the system by analyze both parts of 

the data.  

 

   3.1.2 Population 

   A population concludes above interested things. Thus, the population of 

this research is the outpatients in the Pediatrics Department at Ramathibodi Hospital.  

An average number of outpatients who come to treat their illnesses is 255 people per 

day (Medical Statistics Department Ramathibodi Hospital, 2010) 
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   3.1.3 Sample 

   Sample is a unit that represents all the population.  In this research, 30-50 

outpatients in the Pediatrics Department are the samples. The data collecting process 

started on 9
th

 September 2010.  The data of sample was recorded in patient tracking 

form which is in Appendix A.  Then, the researcher will use the data for preliminary 

study in the next chapter.       

 

   3.1.4 Method of sample selection 

   This research has more restrictive factors which are the time of study, 

budget, location, and interference to personnel. Therefore, sample selection methods 

of research are quota sampling and convenience sampling. The first one is a method 

for selecting sample until sample quantity is full of the fixed quota.  Thus, there are 

30-50 samples which were selected in each process.  The second one is the selection 

which has an availability of collector as a criterion (Sriwittayarak et al., 1997).  

Moreover, a nurse who has worked at the registration counter selected samples for 

collectors.  And the collectors also selected the samples, too.  Therefore, the sample 

selection is depending on fixed quota, the nurse, and the collectors. 

 

   3.1.5 Method of data collection 

   The methods for collecting the data are divided according to each type of 

data as follows. 

1) Primary Data 

   This data type is collected from patient service system directly by survey, 

observation and patient tracking.  The patient tracking is a follow-up process, which 

starts from the beginning activity that patients come to register at the department until 

the final activity after which patient can leave.  In addition, patient tracking must not 

disturb and/or interfere any activity in the patient flow.  Moreover, interviewing and 

sub-meeting with personnel of the department are used to collect opinions about 

patient service.  All above is following this detail. 

- Service process of outpatients in the pediatrics department. 

- Type(s) of outpatients in the pediatrics department. 
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- Process time which outpatients use to do any activity in the hospital 

system. 

- Distance and time which outpatients use to travel from one station to 

another in the hospital. 

- Number of resources in the pediatrics department. 

- Layout of the pediatrics department. 

- Units/Departments where patient comes to get the service. 

 

2) Secondary Data 

Secondary data is the data which was collected and recorded previously.  

The main data in this research was collected by the Medical Statistics Department at 

Ramathibodi Hospital.  These data are the number of outpatients each day, and also 

the data from related researches.  

 

 

3.2  Analytical tools    

    Analytical equipment which is used in this research can be divided into 

two types as follows. 

 

    3.2.1 Hardware 

    Computer is an important tool for the research.  It used to make all 

documents and run programs which are explained in the next section.  In part of the 

data collection, the researcher uses a patient tracking which is a follow-up process 

starting from the beginning activity to the ending activity. The patient tracking form 

(in Appendix A) is designed for recording the data about outpatient service such as 

activities and time spent in each activity.  Furthermore, there is a stopwatch for 

recording time spent in every activity throughout the patient tracking. 

   

    3.2.2 Software 

    In part of recording numeral and statistical data, Microsoft Office Excel 

was used to keep and organize the data to be available in subsequent analyses.  In 

addition, Microsoft Office Visio was used to draw the outpatient flow, and also a 
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layout of the pediatrics department.  In an important part of the research that is a 

modeling, the researcher used Rockwell Arena software to build the model of 

outpatient’s service system.  This software can be used to model both discrete and 

continuous systems. Moreover, it can create a graphic for illustrating queue, resources’ 

status, and flow of system’s entity that obviously displays a change in the model 

(Banks et al., 2010). 

 

 

3.3  Method of research 

    This research was started from data collection, model building, until the 

alternative (scenario) design which was proposed to improve the system.  The 

following steps detail the method of research. 

1) Study theories and related literature both national and international 

levels. 

2) Plan for the data collection and design a survey form for data recording 

in patient tracking.   

3) Understand the system of outpatient flow in the pediatrics department. 

4) Collect the data. 

5) Analyze time that patients spent in each activity, the analysis is 

categorized into three parts; i.e.,  

- Statistical analysis on the collected data such as minimum, 

maximum, average time, standard deviation, and other descriptive 

statistics. 

- Distribution of arrival by analyzing data of patient arrival to find an 

appropriate distribution. 

- Distribution of service time by analyzing time duration which 

individual patients spent in each process to find an appropriate 

distribution.      

6) Simulation modeling followed the three steps; i.e., 

- Build the simulation model of pediatrics department using Rockwell 

Arena software. 

- Model verification by checking the correctness of the flow. 
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- Model validation by comparing model’s outputs with the observed 

data.   

7) Design alternatives (strategies) for improving the system of outpatient’s 

service. 

8) Analyze the strategies and recommend the efficient strategy to be 

operated in the real-world system. 

 

    In Figure 3.1, it shows the flowchart of research plan.  This research was 

carried out between July, 2010 and April, 2013. The total time of the research is about 

two years and nine months.    

 

    In summary, this chapter explained about the data of the research including 

primary and secondary data.  The population of the research is outpatients of the 

Pediatrics Department at Ramathibodi Hospital.  The researcher studied by selecting 

30-50 patients to be tracked in order to understand their flows.  The tools that were 

used in this analysis are divided into hardware and software. The hardware is mainly 

the computer system and a stop watch for time collection.  The software includes 

Microsoft Office Excel, Microsoft Office Visio, and Rockwell Arena software. The 

steps of research are also explained. In Chapter 4, the researcher will bring the method 

from this chapter to apply to a case study in the Pediatrics Department at Ramathibodi 

Hospital.     
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Figure 3.1 Flow chart of research steps 

 

 

Study theories and related literature 

Plan for the data collection 

Understand the system of outpatient flow 

Collect the data 

Analyze time that patients spent in each activity 

Build a simulation model. 
Verify and validate to check the correctness of the model 

Develop strategies 

Analyze the strategies and propose the efficient strategy  
to  be operated in the real system 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 

   In Chapter 3, the researcher stated about the research data, analytical tools, 

and method of research which are applicable to the study to understand the 

outpatients’ service of studied hospital.  This chapter reveals the details of the case 

studied hospital; i.e., general service characteristics, flow of patient, arrival and 

process time characteristics, and expectation / suggestion for the hospital 

administrator.  The researcher uses the collected data to evaluate efficiency and waste 

of the hospital’s service system, and creates three strategies for improving the patient 

flow.  Finally, the researcher reports the results and discussion of the strategies. 

 

 

4.1  Case study: the Pediatrics Department at Ramathibodi Hospital  

   Ramathibodi Hospital is a very large public university hospital in 

Thailand.  It was located on Rama VI Road at Toong Phayathai, Ratchathewi, 

Bangkok.  The mission of this hospital is to produce graduates in medicine, carry out 

researches, provide medical and academic services and health campaign to the society.  

The hospital administrator gives precedence to the requirement and expectation of 

patients.  Therefore, the hospital has conducted the annual survey about patients’ 

satisfaction as a key performance indicator (KPI).  A KPI’s goal of outpatients and 

inpatients are 80% and 90% respectively.  In 2007, the hospital achieved its goal for 

the inpatient department because the satisfaction level is at 94.70 percents.  While the 

outpatient satisfaction level is well below the goal at only 76.20 percents (Division of 

Policy and Planning, Office of the Dean, Faculty of Medicine Ramathibodi Hospital, 

Mahidol University, 2007)  

   A pediatrics department as shown in Figures 4.1 and 4.2 is one of many 

departments in this hospital. The department was located on the second floor of 

Building 1.  It opens to provide medical services for two periods which are 
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1) Morning session: 9.00 - 12.00 AM  

2) Afternoon session: 1.00 - 3.00 PM 

   There are thirty-six examination rooms, two treatment rooms, and two 

special examination rooms.  The department has its own cashier room and pharmacy 

room in front of the department.  In other words, this department has provided the so-

called “one – stop service”. Figure 4.3 shows the layout of the department where 

patients come to obtain the service.               

 

 

 

Figure 4.1 Entrance of the pediatrics department 
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Figure 4.2 Front of the department 
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Figure 4.4 Patients wait for obtain the service in the department 

 

 

4.2 Data collection 

 

   4.2.1 General service characteristics   

   For understanding with the characteristics of the department, the 

researcher had meetings with the registered nurse who is the head of the department in 

September, 2010.  She explained the outpatient flow of the department. In addition, 

she told about working hours, types of patient, percents of each types of patient, and 
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resources of the department.  It was observed that there are so many patients waiting to 

see the physician that the department becomes crowded, as depicted in Figure 4.4, this 

is especially true for the morning shift. 

 

   4.2.2 Flow of patient 

   After the meeting with the head of the department and understanding with 

the outpatient flow, the researcher observed the flow by patient tracking method (the 

follow-up process that starts from the beginning activity until the final activity). The 

sample selection methods of research are quota sampling and convenience sampling. 

These sample selection are depending on an availability of the collector. In simpler 

words, the collector selected the first patient who comes to the department when they 

were available. The researcher selected 50 samples in each process. This sample size 

is 24.27 and 33.33 percents of the daily number of patients in the morning and 

afternoon sessions, respectively.  

   The data collecting process started on 9
th

 September 2010.  The collectors 

collected the data from 7 AM until the closing-time of the department. From the data 

collection, the researcher has the clear idea about the outpatient flow process of the 

pediatrics department and can describe it into flow chart.    

 

   4.2.3 Arrival and process time characteristics 

   There are two types of data which are very important in the step of 

simulation building; i.e., patient arrival and process time.  The researcher obtained the 

patient arrival data from the medical statistics department of the hospital.  The medical 

statistics department collected the hourly patient numbers of the pediatrics department 

on June, 2010.  In fact, many patients usually come to the department very early in the 

morning session, but the numbers of patients in the afternoon session are not different 

across the individual hours.              

   The second one, process time data, is obtained from the observation while 

tracking the patients. The collectors tracked patient path throughout the flow and 

collected the service time of every process.  This data collection started from 

September, 2010, and re-checked in January, 2012.  Afterward, the researcher got 50 

data, and found that an individual patient takes different time to obtain the service.  
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Moreover, different process has different variation of time.  Without a doubt, the 

process time is absolutely less than the waiting time.      

  

   4.2.4 Expectation / suggestion of the administrators 

   The researcher participated in the project of patient service improvement 

of the case study hospital.  The researcher had an opportunity to meet with the 

administrators of the hospital in September, 2010.  They expect the patients to satisfy 

with their service, and they think the patient flow should be improved.  Furthermore, 

they had some ideas to improve the service. For example, they suggest that if the 

service starts earlier than the present system, it might help spread the number of 

patients over longer period; hence, reduce the congestion at the department.  Certainly, 

the researcher adapted the suggestion to be the strategy for analyzing the outpatient 

flow improvement.   

 

 

4.3  Patient flow analysis  

   The beginning of patient flow in the pediatrics department is the patients’ 

arrival.  First, the patient gives an appointment card or registers at the registration 

counter. Second, the patient is checked for weight and height at the counter inside the 

department.  Then the patient must wait to see the physician.  If the proceeding patient 

finishes the diagnosis process early, he/she is called to see the physician in an 

examination room.  Next, the patient is diagnosed by the physician.  There is a 

practical nurse in an examination room to assist the physician in the diagnose process.  

Afterwards, the patient brings the medical record to return at the medical record 

counter, and receives the appointment card or prescription / payment bill / counsel.  

Then the patient brings the prescription to hand at the pharmacy room, and pays an 

expense at the cashier room.  Finally, the patient may receive medicine at the 

pharmacy room. Besides, if the physician orders the patient to have the x-ray or blood 

test, the patient will go to the diagnostic radiology or the OPD lab respectively.  More 

simply, the outpatient flow is shown in Figure 4.5, and the completed patient flow 

process which explained all types of the patient is shown on a swim lane diagram in  
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Appendix B.  Furthermore, the department manages priority of patients by severity.  

Therefore, an emergency patient, an appointment patient, and a walk-in patient has the 

first, second and third priority, respectively.    

   Visiting patients at the department are divided into three main groups; i.e., 

emergency patients, appointment patients, and walk – in patients.  After the researcher 

had collected the data of patients flow and observed the activities, the researcher found 

that these three types of patient may also obtain service at other departments.  For 

instances, patients may have to go to the OPD lab for blood test, or diagnostic 

radiology for x-ray test.  Patients who obtain services from other departments may not 

have to come back to the pediatrics department if they do not need to see a physician 

again or are scheduled to see in a next time.  Tables 4.1 and 4.2 show all types of 

patients in the morning and afternoon sessions, respectively. 
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Figure 4.5 Outpatient flow of the pediatrics department 
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Table 4.1 Patient types at the pediatrics department (morning session) 

Type 

No. 
Type of patient 

Quantity 

(%) 
Description 

1 Normal emergency 2.00 Patients who have a severe symptom and 

want to see the physician immediately 

2 Normal 

appointment 

57.58 Patients who have been appointed in 

advance    

3 Special normal 

appointment 

2.98 Patients who have a developmental disorder 

and have been appointed in advance 

4 x-ray appointment 

and back 

3.15 Patients who have been appointed in 

advance, have the x-ray testing, and need to 

see the physician two times 

5 Blood appointment 

and back 

6.30 Patients who have been appointed in 

advance, have the blood testing, and need to 

see the physician two times 

6 Normal walk-in 24.22 Patients who have not been appointed in 

advance 

7 x-ray walk-in and 

back 

1.26 Patients who have not been appointed in 

advance, but have x-ray testing, and need to 

see the physician two times 

8 Blood walk-in and 

back 

2.52 Patients who have not been appointed in 

advance, but have the blood testing, and 

need to see the physician two times 

 

Source: Sub-meeting with the registered nurse who is the head of the department 
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Table 4.2 Patient types at the pediatrics department (afternoon session) 

Type 

No. 
Type of patient 

Quantity 

(%) 
Description 

1 Normal emergency 2.00 Patients who have a severe symptom and 

want to see the physician immediately 

2 Normal 

appointment 

83.30 Patients who have been appointed in 

advance    

3 x-ray appointment 

and back 

4.90 Patients who have been appointed in 

advance, have the x-ray testing, and need to 

see the physician two times 

4 Blood appointment 

and back 

9.80 Patients who have been appointed in 

advance, have the blood testing, and need to 

see the physician two times 

 

Source: Sub-meeting with the registered nurse who is the head of the department 

                           

   In the morning session, resources of the department include a scale, a 

practical nurse (PN) at the counter inside the department, thirty-six physicians, thirty-

six examination rooms, eighteen practical nurses at the examination rooms, a practical 

nurse, a clerk, and a registered nurse (RN) at the medical record counter, a cashier at 

the payment room, and three pharmacists at the pharmacy room.   

   In the afternoon session, it uses the similar resources as in the morning 

session.  However, there are only twelve physicians, twelve examination rooms, and 

six practical nurses at the examination rooms.  Details of these resources categorized 

by the service process are shown in Table 4.3. 
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Table 4.3 Resources of each process 

Process 

Resource 

R
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Check weight and height  1       1  

Diagnosis    1  1    1 

Make appointment 1*  1*  1*      

Payment       1    

Pharmacy        1   

 

Note: * Patient obtains service from an idle resource.  

 

 

4.4  Characteristics of patient arrival  

   On average 255 patients visited the medical service at the department daily 

in June 2010.  The weekly numbers of patients are shown in Table 4.4.  Hourly 

patients are shown in Table 4.5.  Patients continuously come to the department at 7.01 

AM until 12.00 AM in the morning session, and during 1.01 PM to 3.00 PM in the 

afternoon session.  The peak periods are from 8.01 AM to 9.00 AM in the morning 

session and 2.01 PM to 3.00 PM in the afternoon session.  The time periods which 

have the lowest numbers of patients are 11.01 AM to 12.00 PM in the morning session 

and 12.01 AM to 1.00 PM in the afternoon session.  The hourly numbers of patients 

are inputted into the schedule module as the patient arrival of the simulation model.  

Pisuchpen (2008) found that the distribution of the patient arrival are the exponential 

distribution. 
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Table 4.4 Average daily numbers of patients (in June 2010) 

Day Number of patients 

Monday 309 

Tuesday 270 

Wednesday 443 

Thursday 262 

Friday 208 

Saturday 254 

Sunday 40 

Average 255 

 

Source: Medical Statistics Department, Ramathibodi Hospital (2010) 

 

Table 4.5 Hourly numbers of patients in the morning session 

 

 

 

    

 

 

 

 

Source: Medical Statistics Department, Ramathibodi Hospital (2010) 

 

 

 

 

 

 

 

 

 

Time period Number of patients 

7.01 – 8.00 58 

8.01 – 9.00 72 

9.01 – 10.00 54 

10.01 – 11.00 18 

11.01 – 12.00 4 

Total 206 
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Table 4.6 Hourly numbers of patients in the afternoon session 

 

 

    

 

 

 

Source: Medical Statistics Department, Ramathibodi Hospital (2010) 

 

 

4.5 Characteristics of service time 

 

   4.5.1 Descriptive statistics 

 Having understood the flow of patient, the researcher collected the service 

process time at individual stations throughout the flow.  There are five processes in the 

morning session and the afternoon session which are collected for building a 

simulation model.  The researcher collected the data on process time, and analyzed to 

obtain its descriptive statistics such as the average, minimum, maximum, and standard 

deviation values as shown in Tables 4.7 and 4.8.  They show that the patients spent the 

longest processing time in the diagnosis process; i.e., 11.91 and 10.87 minutes in the 

morning and afternoon sessions, respectively.  Meanwhile, the longest waiting time is 

in the check weight and height process (32.19 minutes) in the morning session and in 

the diagnosis process (37.90 minutes) in the afternoon session. 

 

 

 

 

 

 

 

 

Time period Number of patients 

12.01 – 1.00  43 

1.01 – 2.00 51 

2.01 – 3.00 56 

Total 150 
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 Having observed the time which patients spent in the overall process, the 

researcher found that they spent a lot of time for waiting.  As shown in Figure 4.6, the 

waiting times are approximately 80.45 percents of the total time in the patient flow for 

the morning session.  Meanwhile, patients spent times approximately 76.20 percents of 

the total time for waiting in the afternoon session as shown in Figure 4.7.  These 

waiting times are non value-added which creates dissatisfaction in the service.  

Therefore, the administrators of the hospital want to improve the service in order to 

achieve an efficient operational system.  Above all, patients will be satisfied with the 

improved service.   

 

 

 

Figure 4.6 Proportion of process time and waiting time in the morning session 

 

 

 

Figure 4.7 Proportion of process time and waiting time in the afternoon session 
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 4.5.2 Data filtering 

 After the researcher analyzed the characteristics of the department, the 

next step is the model building.  Most importantly, the distribution of service time at 

the individual process is necessary to be the input of the simulation model.  When the 

researcher analyzed the raw data of service time, it was found that they have wide 

variation.  Because of this, the step of curve fitting for the service distribution is 

difficult.  Thus, an additional step is called “data filtering” is used to arrange the data.  

Figure 4.8 shows the flow to obtain the candidate service time distribution.   

   

 
 

Figure 4.8 Flow chart for obtaining the service distribution 

 

   There are 50 samples of process time data which were collected by the 

observation at the pediatrics department.  Initially, all 50 samples are fed into the Input 

Analyzer to fit the distribution. In the case that all available distributions are 

50  samples of process time 

Fit curve  for the  service distribution by  

the Input analyzer feature  
in  Rockwell Arena software 

Data filtering Accept the null  
hypothesis (H 0 ) 

Candidate distribution(s) 

Yes 

No 
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statistically rejected, the data is filtered a bit to facilitate the fit.  The researcher filters 

the data by the following steps.  

   1) The first step is to calculate the median value of the service time. 

   2) An individual data is calculated to find an absolute difference between 

its value and the median. 

   3) The data is ordered ascendingly from minimum to maximum value 

based on the differences in step 2).   

   4) These data which already ordered are used to fit the distribution curve 

by the Input analyzer feature of Rockwell Arena software.  If the program shows an 

acceptance of null hypothesis (H0), or corresponding p-value more than 0.05, based on 

both Chi-square test and Kolmogorov-Smirnov test, the distribution can be used as an 

input of the simulation model. 

   5) On the other hand, if the program shows a rejection, the data which has 

the maximum difference from the median (may be the suspected outlier) is taken out 

from the group.  Then, the remaining data are used to fit for the distribution again.  

This step is repeated until the program shows the acceptance of some distributions.  

Note that the number of suspected outliers must not be more than few data points.    

  

   4.5.3 Distribution of service time 

 The service distribution of the individual process is fitted by the Input 

Analyzer feature of Rockwell Arena software.  It is possible that the data may be fitted 

by more than one candidate distribution. There are nine possible distributions; i.e., 

beta, Erlang, exponential, gamma, lognormal, normal, triangular, uniform, and 

weibull.  Thus, the first step, the researcher chose all distributions which had more 

than 0.05 corresponding p-value because they showed the acceptance of the null 

hypothesis (H0) based on Chi-square test and Kolmogorov-Smirnov test.  Second, in 

the case that there were more than one distribution which accept H0, the researcher 

considered a mean square error (MSE) of the distribution.  The distribution which had 

the lowest MSE is selected.  The researcher explained an example of choosing the 

distribution in Appendix C, and showed the distribution of each process, which 

accepted and rejected H0, in both the morning and the afternoon sessions in Tables C.1 

– C.13.  There are also the expression of the distribution, test statistics, and p-value. 
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The lists of the appropriate distributions for the individual processes which are chosen 

based on the above criteria are presented in Table 4.9 (morning session) and Table 

4.10 (afternoon session). 
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4.6 Simulation modeling 

 

  4.6.1 Number of testing replications  

  The models which are run by different number of replications can report 

different outputs.  That is simply the variation.  In order to control the variation in the 

output of final model, the researcher determined the steady state of the model by 

running different number of replications.  First, the researcher tried to run the model 

by varying the number of replications between 1 - 1,500.  Then, the researcher 

obtained process times and waiting times at different number of replications.  The 

chart then is plotted with the number of replication on the x-axis and the 

corresponding time on the y-axis.  The steady state may be observed on the chart 

where the fluctuation converts to a horizontal line.  The point is considered to be an 

appropriate number of replications for simulation.                

 Totally, the researcher plotted ten charts in Figures 4.9 – 4.13 for the 

morning session and Figures 4.14 – 4.18 for the afternoon session. These charts are 

used to decide what number of replications should be the steady state in each process.  

A dashed line in every figure indicated the steady state of each process.  Table 4.11 

summarizes the number of replications at the steady state observed from these charts.  

The researcher considered that the steady state of the check weight and height process 

in the morning and afternoon sessions are at 1,160 and 1,140 replications, respectively.  

The steady state of the diagnosis process in the morning and afternoon sessions are at 

1,360 and 1,200 replications, respectively.  The steady state of the make appointment 

process in the morning and afternoon sessions are at 550 and 780 replications, 

respectively.  The steady state of the payment process in the morning and afternoon 

sessions are at 750 and 1,280 replications, respectively.  The steady state of the 

pharmacy process in the morning and afternoon sessions are at 830 and 750 

replications, respectively.  As a result, a maximum number is 1,360 replications.  The 

researcher considered to round up the number of replications to be 1,400 and decided 

to use this number to run the simulation model of the case study in both morning and 

afternoon sessions. 
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Table 4.11 Identification of number of replications at the steady state 

Session Process 
Testing number 

of replications 

Number of replications 

at steady state 

Morning Check weight and height 

1 – 1,500 

1,160 

Diagnosis 1,360 

Make appointment 550 

Payment 750 

Pharmacy 830 

Afternoon Check weight and height 

1 – 1,500 

1,140 

Diagnosis 1,200 

Make appointment 780 

Payment 1,280 

Pharmacy 750 

 

   4.6.2 Model building  

   There are requisite inputs which are the type of patient (in Tables 4.1 and 

4.2), resources of each process (in Table 4.3), hourly number of patients (in Tables 4.5 

and 4.6), distribution of service time (in Tables 4.9 and 4.10), and traveling time (in 

Table 4.12) for building the simulation model.  Once having these inputs completely, 

the researcher can use them to build the model of the pediatrics department.  Equally 

important, the researcher must understand the patient flow of this department to build 

the model correctly.  In addition, the model must be validated until it gives a similar 

output to the observed values from the real system.       

 

Table 4.12 Patients’ traveling time between two service stations  

Origin Destination Time (seconds) 

Examination room Medical record counter 48 

Examination room Diagnostic radiology 63 

Medical record counter Pharmacy room 20 

Pharmacy room Cashier room 6 
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 In the first step of modeling, the researcher generates the arrival of patients 

in the system from 7.01 AM to 12.00 AM in the morning session, and 12.01 PM to 

3.00 PM in the afternoon session.  These patients are divided into eight types (Table 

4.1) and four types (Table 4.2).  Next, the patients go to the process according to their 

types.  In each process, there are resources which are stationed and to provide the 

service to the patients.  Finally, when the patients obtain the service completely, they 

will leave from the system.  To illustrate, the Figures 4.19 is the overview of the 

simulation model that the researcher built to duplicate the flow of outpatients at 

pediatrics department in the morning session. 
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 Actually, there are many details in the process of simulation building.  A 

large number of modules are used to build the simulation model, as shown by the 

dialog boxes in the Figures 4.20 – 4.69.  Figures 4.20 – 4.33 show the dialog boxes of 

the modules which are in the Figure 4.19.  The first module in Figure 4.19 is the create 

module, showing that patients arrived at the department by the schedule.  Then, 

patients are divided to eight types by the percentage of individual type (Figure 4.21).  

The researcher assigned the attribute of patient type, entity picture, and attribute of 

record time for each patient type as seen in Figures 4.22 – 4.29.  Next, the patients go 

to counter station by route module (Figure 4.30).  The counter station is the place 

where the patients checked their weight and height by using the resources at the station 

(Figure 4.31).  The service time of check weight and height process is in the dialog 

box in Figure 4.32.  After the patients finished the check weight and height process, 

they will go to examination room by route module (Figure 4.33).           

 

 

 

Figure 4.20 Patients arrival dialog box 
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Figure 4.21 Type of patient dialog box 

 

 

 

Figure 4.22 Assign of emergency patient dialog box 
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Figure 4.23 Assign of normal appointment patient dialog box  

 

 

 

Figure 4.24 Assign of special normal appointment patient dialog box 
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Figure 4.25 Assign of appointment and x-ray testing patient dialog box 

 

 

 

Figure 4.26 Assign of appointment and blood testing patient dialog box 
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Figure 4.27 Assign of normal walk-in patient dialog box 

 

 

 

Figure 4.28 Assign of walk-in and x-ray testing patient dialog box 
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Figure 4.29 Assign of walk-in and blood testing patient dialog box 

 

 

 

Figure 4.30 Route to counter dialog box 
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Figure 4.31 Counter station dialog box 
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Figure 4.32 Check weight and height process dialog box 

 

 

 

Figure 4.33 Route to examination room dialog box 

 



Attaya Chochay                                                                                               Results and Discussion / 94 

 

 The patient is diagnosed by the physician at the examination room station 

in Figure 4.34.  The input about diagnosis process is shown in dialog box in Figure 

4.35.  If the patients are the normal type, they will be screened by the decide module 

(Figure 4.36) and go to the medical record counter station after finished the diagnosis 

process (Figure 4.37).  In contrast, the other patients are screened again by decide 

module (Figure 4.38).  In addition, the dialog box of decide module in Figure 4.39 is 

so important.  It disallows the patients who finished from the x-ray / blood test to 

come back to see the physician repeatedly.  Patients who have x-ray test will take 80 

seconds for walking to diagnostic radiology as seen in dialog box in Figure 4.40, and 

take 28.18 minutes for x-ray test in Figure 4.41.  In addition, the patients who finished 

the x-ray test are assigned attribute to ensure that they completed in this step.  

Moreover, they are divided into two types of patient that are the appointment and 

walk-in patients in Figure 4.42.  The appointment patient is assigned in the dialog box 

in Figure 4.43.  However, the walk-in patient is assigned in dialog box in Figure 4.44.  

Next, both of appointment and walk-in patients will walk back to the examination 

room by the route module (Figure 4.45).  In the same way, patients who have blood 

test will walk to the OPD lab for 63 seconds (Figure 4.46), and spend 60 minutes for 

blood test (Figure 4.47). The patients who finished the blood test are assigned 

attribute, and they are divided into two types of patient, the same as the patients who 

finished the x-ray test (Figure 4.48).  The appointment patient is assigned in the dialog 

box in Figure 4.49 while the walk-in patient is assigned in the dialog box in Figure 

4.50.  The appointment and walk-in patients will walk back to the examination room 

by the route module (Figure 4.51).   
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Figure 4.34 Examination room station dialog box 
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Figure 4.35 Diagnosis process dialog box 
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Figure 4.36 Decide of normal patient dialog box 

 

 

 

Figure 4.37 Route to medical record counter dialog box 
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Figure 4.38 Decide of x-ray and blood testing completed dialog box 

 

 

 

Figure 4.39 Decide of x-ray or blood testing dialog box 
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Figure 4.40 Delay of walk to diagnostic radiology dialog box 

 

 

 

Figure 4.41 Delay of x-ray testing dialog box 
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Figure 4.42 Decide of x-ray testing patient dialog box 

 

 

 

Figure 4.43 Assign of x-ray completed (1) dialog box 
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Figure 4.44 Assign of x-ray completed (2) dialog box  

 

 

 

Figure 4.45 Route to examination room (2) dialog box  

 



Attaya Chochay                                                                                               Results and Discussion / 102 

 

 

 

Figure 4.46 Delay of walk to OPD lab dialog box 

 

 

 

Figure 4.47 Delay of blood testing dialog box 
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Figure 4.48 Decide of blood testing patient dialog box 

 

 

 

Figure 4.49 Assign of blood testing completed (1) dialog box 
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Figure 4.50 Assign of blood testing completed (2) dialog box 

 

 

 

Figure 4.51 Route to examination room (3) dialog box 
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 Having finished the diagnosis process, the patients go to the medical 

record counter station (Figure 4.52).  The patients make their appointment at this 

station and the details of this process are shown in Figure 4.53.  Then, the patients are 

divided into two groups; i.e., having prescription and none.  About seventy percents of 

the patients receive medicine, as shown in Figure 4.54.  The patients who have 

medicine and have no medicine are assigned attribute as shown in Figures 4.55 and 

4.56, respectively.  Next, all of patients must pay their service fee in the payment 

process (Figure 4.57).  The patients who have medicine are decided again by their 

attribute (Figure 4.58), and they will go to receive medicine in the pharmacy process 

(Figure 4.59).  Conversely, the patients who have no medicine can leave from the 

system after they finished their payment.  Finally, the patients who finished the overall 

process will be decided the patient type (Figure 4.60), and they are recorded the time 

that they have spent in the system.  The record module keeps the total time in the 

system of all the patient types, as shown in Figures 4.61 – 4.68.  All patients will leave 

the system by the dispose module as shown in Figure 4.69.                                

 

 

 

Figure 4.52 Medical record counter station dialog box 
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Figure 4.53 Make appointment process dialog box 
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Figure 4.54 Decide of receive medicine (1) dialog box 

 

 

 

Figure 4.55 Assign of have medicine dialog box 
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Figure 4.56 Assign of have no medicine dialog box 
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Figure 4.57 Payment process dialog box 
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Figure 4.58 Decide of receive medicine (2) dialog box 
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Figure 4.59 Pharmacy process dialog box 
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Figure 4.60 Decide of patient type dialog box 

 

 

 

Figure 4.61 Record of emergency patient dialog box 
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Figure 4.62 Record of normal appointment patient dialog box 

 

 

 

Figure 4.63 Record of special normal appointment patient dialog box 
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Figure 4.64 Record of appointment and x-ray testing patient dialog box  

 

 

 

Figure 4.65 Record of appointment and blood testing patient dialog box  
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Figure 4.66 Record of normal walk-in patient dialog box 

 

 

 

Figure 4.67 Record of walk-in and x-ray testing patient dialog box 
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Figure 4.68 Record of walk-in and blood testing patient dialog box 

 

 

 

Figure 4.69 Dispose dialog box 

 

 Similarly, the simulation model for the afternoon session follows the 

approach as in the morning session.  The researcher uses the different set of inputs 

from the morning session.  There are changes in patient types, patient arrival, 

distribution of service time, and resources.  The patient types of the afternoon session 

are from Table 4.2.  The patient arrival is from Table 4.6.  The distribution of service 

time is from Table 4.10.  Finally, the different resources from the morning session are 

the physicians, the examination rooms, and practical nurses at the examination room.   
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   4.6.3 Model verification 

   Having finished building the model, it must be checked for the correctness 

and debugged the simulation program.  This step is called model verification.  The 

model is verified by checking the flow of patient.  First, the researcher runs the model 

and gradually checks the flow throughout the system.  Each type of entity (patient) 

was traced from the beginning to the last activity.  If that entity (patient) in the model 

flows correctly similar to the real system, the verification is completed.  Moreover, the 

Rockwell Arena program has a menu for checking the correctness of the model as 

shown in Figure 4.70.  When the model has no error, it shows the dialog box “No 

errors or warnings in model” like in Figure 4.71.  After finished these two steps, the 

model will be able to operate without an error.      

 

 

 

Figure 4.70 Check model menu in the Rockwell Arena software  
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Figure 4.71 No errors or warnings in the model dialog box 

 

   4.6.4 Model validation 

   Another step for checking the correctness the model is called model 

validation. Law (2007) suggested that the comparison with an existing system, expert 

opinion, another model, and animation are the ways to validate the simulation model.  

In case of this research, the outputs from the simulation model were compared with 

the observed data from the existing system.  If the outputs correspond to the real data, 

the simulation model is considered valid.  The researcher reviewed the researches 

about the validation process. These researches are summarized in Table 2.2 (Chapter 

2).  The researcher found that the time in system, waiting time, and process times are 

numerical statistics that were preferred to be used in the validation process.  Here, the 

process time and the waiting time were chosen to be the key performance indicators to 

validate the simulation model of the pediatrics department.  The frequently-used 

approaches for the validation are the hypothesis testing with 95% confidence interval 

and the computation of percentage error.  The past researches did not clearly explain 

about the criteria that they used to justify the model.  The acceptable highest percent 

of error seems to be 15%.  Consequently, the researcher adopted the reviewed 

approaches to validate the simulation model.   
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   The researcher checked outputs from the model by running the model for 

1,400 replications. This number of replications is determined to provide the steady 

state results as explained in Section 4.6.1.  Then, the researcher compares the outputs 

with the observed values by using two methods; i.e., hypothesis testing and percentage 

error, concurrently.  First, the hypothesis testing on the total process time and the total 

waiting time is done by the two-sample t-test procedure.  Since the number of sample 

is quite large, the z score is used instead of t-statistics.  The researcher used the two-

tailed test with 95% confidence level.  A calculated method of the z statistics is shown 

in Appendix C (page 206).  The Table 4.13 showed that the total waiting time of the 

morning and afternoon sessions are not accepted.  Then, the service distribution of the 

process which has the problem must be modified.  The researcher changed to another 

service distribution with the second best mean square error (MSE).  This method is 

repeated until the output of that process well approximates the observed value.  If 

there is no distribution that suitable for the model, the researcher resorts to the data 

filtering process (Section 4.5.2). Again, the distribution with the lowest MSE is 

selected to be used in the simulation model.  The process which consists of changing 

the service distribution and data filtering process is repeated until the outputs of the 

model are accepted. The final results are shown in Tables 4.13.  In the end, the 

simulation model contains some changes in the distribution of process time as shown 

in the Tables 4.14 and 4.15. The resulting simulation model is then a good 

representative of the real system.       

   Second, the researcher computed the percent of error in each process time, 

waiting time, total process time, and total waiting time via the equation (4.1).  The 

percent of error should be as least as possible.  Table 4.16 showed the percent of error 

in the initial model that is still high so some service distributions need to be adjusted 

or fine tuned.  After the service distributions are changed, the percent of error are 

changed accordingly, as shown in the final model column in Table 4.16.   

 

 

     (4.1) 

 

 

100%
time

timetime
%error

observed

observedmodel




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Table 4.16 Percentage error of the model 

Process 

Percent of error (%) 

Process time Waiting time 

Initial model Final model Initial model Final model 

Morning session 

Check weight and height 0.36 0.29 84.45 84.46 

Diagnosis 22.03 22.01 68.26 67.72 

Make appointment 6.84 8.99 461.54 415.21 

Payment 0.21 0.45 23.94 25.52 

Pharmacy 0.63 0.47 75.44 74.85 

Total 14.50 14.82 8.98 6.57 

Afternoon session 

Check weight and height 0.00 0.77 96.94 96.92 

Diagnosis 4.32 17.20 101.64 63.41 

Make appointment 0.00 0.13 97.99 97.35 

Payment 0.00 0.35 94.93 93.95 

Pharmacy 0.19 6.83 93.77 80.59 

Total 2.39 7.54 20.31 0.53 

 

   Similarly, for the afternoon session, the validation follows the approach 

like in the morning session.  Some inputs are different from the morning session; i.e., 

patient types, patient arrival, distribution of service time, and resources.  After finished 

the validation step, the distribution of service time by process in the afternoon session 

is summarized in Table 4.15.                  

   Above all, Tables 4.17 and 4.18 are the simulation results of the patient 

flow at the pediatrics department.  It shows that the outpatients spend the longest total 

time at the diagnosis process.  This long total time undoubtedly leads to patient’s 

dissatisfaction.  Because of these results, the researcher proposes strategies to decrease 

the time that patients waste in the department, and hence improve the patient flow. 
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4.7 Improvement strategies 

  The long waiting time in the process dissatisfied the patients.  Therefore, 

the patient flow should be improved to decrease the waiting time in the system.  In 

addition, the administrators wished that patients would be satisfied in their service.  

Thus the researcher created strategies for improving the patient flow.  There are three 

strategies which are 1) increasing the number of physicians 2) staggering of 

physicians’ working hours and 3) improving the patient appointment system.         

 

 4.7.1 Strategy 1: increasing the number of physicians  

  As the simulation indicated, patients had to spend their time awaiting for 

the service, especially at the diagnosis process.  It may be intuitive to add more 

physicians into the system in order to increase the number of servers in the simulation 

model.  In fact, this is the idea that may always come into patients’ mind every time 

they have to wait for too long to be diagnosed.  Thus, the researcher tested this 

strategy by increasing the number of physicians in the system.  This strategy explores 

if adding more resource (physician) into the system can decrease the waiting time.  

  Currently, there are 36 physicians in the morning session and 12 

physicians in the afternoon session in the typical system of the pediatrics department.  

In order to test such strategy, the researcher gradually increased the number of 

physicians by one at a time as shown in Tables 4.19 and 4.20 for morning and 

afternoon sessions, respectively.  Consequently, there are 37 – 40 physicians for the 

morning session, and 13 – 14 physicians for the afternoon session.  More simply, a 

name of this strategy is assigned to “I”, it stands for a word “increasing”.   

 

Table 4.19 Description of strategy 1 for the morning session 

Sub-strategy Number of physicians 

IM-1 37 

IM-2 38 

IM-3 39 

IM-4 40 
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Table 4.20 Description of strategy 1 for the afternoon session 

Sub-strategy Number of physicians 

IA-1 13 

IA-2 14 

 

 4.7.2 Strategy 2: staggering of physicians’ working hours 

 The hourly numbers of patients in Table 4.5 reveal that many patients 

usually arrive at the hospital very early in the morning and wait to obtain the service 

although it is not the physicians’ working time. Thus, the researcher considered 

changing the working schedules of the physicians.  It might help spread the number of 

patients over a longer period; hence, reducing the congestion at the department.  In 

fact, the administrator also has such an idea since several physicians usually start 

working before 8 AM.  It may not be difficult to persuade some physicians to start the 

shift earlier.  

 Therefore, this strategy changes the working hours of the physicians. The 

researcher tried to stagger one to four physicians to start working an hour earlier in the 

morning session so there are four sub-strategies as shown in Table 4.21. In the 

afternoon session, there are two sub-strategies which stagger one to two physicians to 

start working an hour earlier as in Table 4.22.  More simply, a name of this strategy is 

assigned to “S”, it stands for a word “staggering”. 

   

Table 4.21 Description of strategy 2 for the morning session 

Sub-strategy 
Number of physicians 

8 - 9 AM 9 - 11 AM 11 - 12 AM 

SM-1 1 36 35 

SM-2 2 36 34 

SM-3 3 36 33 

SM-4 4 36 32 
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Table 4.22 Description of strategy 2 for the afternoon session 

Sub-strategy 
Number of physicians 

12 - 1 PM 1 - 2 PM 2 - 3 PM 

SA-1 1 12 11 

SA-2 2 12 10 

  

 4.7.3 Strategy 3: improve the patient appointment system  

 The present appointment system of the pediatrics department does not 

appoint a patient arrival at a specific time, but it appoints a group of patients during a 

time slot.  For this reason, a lot of patients come to the department at the same time.  

This may cause the congestion in the system.  The administrator is interested in the 

alternative appointment system, which assigns a specific time to an individual patient.  

This is to prevent the flow of patients in a big batch.  The researcher herein compared 

two sub-strategies regarding the appointment system. 

 First, the researcher created the strategy in which patients came to obtain 

the service with the exponential distribution.  In other words, patients came to the 

department like in the present system, but this strategy changed the number of patients 

in a period.  This strategy is called “schedule system”.  More simply, a name of this 

strategy is assigned to “SS”, it stands for a word “schedule system”.   

 Second, the other strategy fixed different appointment times for different 

patients.  As a consequence, the department appointed any individual patient at a 

specific time.  This strategy is called “constant system”.  A name of this strategy is 

assigned to “CS” that stands for a word “constant system”.     

 The researcher specified time interval of 12 minutes to any individual 

patient for both the morning and afternoon sessions.  Twelve minutes or five patients / 

hours / physician are currently the average service time that the department is using.  

Consequently, there are two sub-strategies in Tables 4.23 and 4.24.  The numbers of 

patients who leave from the system in the morning session are different from the 

afternoon session because the number of physicians and the number of patients who 

come to obtain the service are dissimilar.  For example, the researcher specified 12 

minutes to an individual patient so there are five patients per hour per physician.  The 

schedule system (SS) appointed five patients at 9 AM., 10 AM., and 11 AM. in the 
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morning session as shown in Figure 4.72.  The constant system (CS) also appointed 

five patients, but the department fixed five different times for five individual patients.  

As seen in Figure 4.72, a patient is appointed at 9 AM, 9.12 AM, 9.24 AM, 9.36 AM, 

9.48 AM, 10 AM, 10.12 AM, 10.24 AM, 10.36 AM, 10.48 AM, 11 AM, 11.12 AM, 

11.24 AM, 11.36 AM, and 11.48 AM. 

            

Table 4.23 Description of strategy 3 for the morning session 

Sub-strategy Number of hourly patients 

SSM 180 

CSM 180 

 

Table 4.24 Description of strategy 3 for the afternoon session 

Sub-strategy Number of hourly patients 

SSA 60 

CSA 60 

 

 

Schedule system (SS)

Constant system (CS)

9 AM 10 AM 11 AM 12 AM
time

 

 

Figure 4.72 Comparison between the sub-strategy SSM and CSM 

 

 

4.8 Exploring the three improvement strategies 

 

 4.8.1 Exploring strategy 1: increase the number of physicians 

  Having tested this strategy with the final simulation model, the researcher 

obtained results as shown in Tables 4.25 and 4.26.  In the morning session, although 

the department tried to add more physicians in the system, the total process time and 

the total waiting time of the proposed sub-strategies are still persistent.  The process 
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time of the individual process was not different from the present system.  The waiting 

time of the diagnosis process decreased when the number of physicians increased.  On 

the other hand, the waiting time of the make appointment process increased.  For the 

payment and pharmacy process, the waiting time in the sub-strategies was larger than 

the waiting time at present.           

   In the afternoon session, the total process time was like the present in 

every sub-strategy while the total waiting time decreased.  The researcher found the 

waiting time of check weight and height process was not different from that in the 

present, but the waiting time of the diagnosis process significantly decreased.  If the 

only one physician added to the system, the waiting time of the diagnosis process 

dropped about 14 minutes.  Despite the decrease of the waiting time in the diagnosis 

process, the waiting time of the three following processes increased.  Especially, for 

the waiting time of pharmacy process, it increased twice as much.  In conclusion, 

increasing the number of physicians does decrease the total time in the system. 
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 Figures 4.73 and 4.74 show percentage changes in the waiting time.  The 

negative numbers indicate that the waiting time decreased while the positive numbers 

indicate that the waiting time increased.  Figure 4.73 depicts that the waiting time of 

make appointment process in the morning session increased when the number of 

physicians increased.  Conversely, the waiting time of the diagnosis process gradually 

decreased.  If the administrators want to decrease the waiting time particularly in the 

diagnosis process, they can increase the number of physicians as many as they want.  

However, the present system performs better than this strategy because its total 

waiting time is shorter. 

 Figure 4.74 shows percentage changes in the waiting time in the afternoon 

session.  The check weight and height and diagnosis process are the processes in 

which the waiting time will decrease when more physicians are added to the system.  

In contrast, the waiting time of other processes increase.  Especially, the waiting time 

of pharmacy process sharply increased more than 200%.  Although there are two 

processes in this strategy that can decrease its waiting time, the total waiting time is 

less than that in the present.  Therefore, the department should add the physician to the 

afternoon session of the system. 

 As a result, the analysis showed that this strategy is not so effective.  It also 

illustrated that increasing the number of physicians in the diagnosis process may not 

be a solution to the problem. The total waiting time and total time in the system which 

patients must spend did not decrease.  Even though the total waiting time of the 

afternoon session was less than the present one, it may be not worthwhile to add more 

physicians to the system.   In addition, it can be said that the waiting time is carried 

over to the next process.  Thus, the strategy did not satisfy the department, so the 

researcher considered the next strategy. 
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 4.8.2 Exploring strategy 2: staggering of physicians’ working hours 

 Tables 4.27 and 4.28 show the simulation results of this strategy for 

morning and afternoon sessions, respectively.  In the morning session, the total 

process time and the individual process time are not different from the present system.  

The waiting time of check weight and height process is not different from the present 

one, but the waiting time of the diagnosis and make appointment processes decreased 

gradually when there were more physicians who staggered their working hours.  In 

contrast, the waiting time of the payment and pharmacy processes increased.  When 

there were between one and three physicians staggering the working hours, the total 

waiting time gradually decreased.  On the other hand, when there are four physicians 

staggering their working hours, the total waiting time decreased only little, as shown 

in sub-strategy SM-4 in Table 4.27.  

   For the afternoon session, the result was almost identical to the morning 

session.  The total process time and the individual process time were not different 

from the present system.  The waiting time of check weight and height process was not 

different from the present one.  The waiting times of diagnosis and make appointment 

processes decreased, but the waiting time of the payment and pharmacy processes 

increased.  However, the total waiting time decreased when there were more 

physicians who staggered their working hours. 
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 The percentage changes in the waiting time of strategy 2 for the morning 

and afternoon sessions are shown in Figures 4.75 and 4.76, respectively.  The negative 

numbers indicate that the waiting time decreased whereas the positive numbers 

indicate that the waiting time increased.  Figure 4.75 shows the waiting time of the 

payment process in the morning session dramatically increased while the waiting time 

of the diagnosis and the make appointment processes gradually decreased.  However, 

the total waiting time decreased.  In order to decrease the total waiting time of the 

system, the department should stagger working hours of three physicians as in sub-

strategy SM-3.   

   Figure 4.76 shows percentage changes in the waiting time of the afternoon 

session. It reveals that the waiting time of the payment process significantly increased.  

When more physicians staggered their working hours, the waiting time of the 

diagnosis and the make appointment processes gradually decreased.  Similarly, the 

total waiting time of the system also gradually decreased.  Therefore, the department 

should stagger working hours of two physicians in this session.        

   The simulation outputs revealed that this strategy may help decrease the 

total waiting time and the total time in the system.  This is based on the assumption 

that patients usually come to see physicians before the current working time (9 AM), 

so staggering physicians’ working hours may help to spread the number of patients 

over a longer period of time.  Therefore, this strategy is a better option than strategy 1 

to improve the system efficiency. 
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 4.8.3 Exploring strategy 3: improve the patient appointment system 

 The simulation results of strategy 3 in the morning and afternoon sessions 

are shown in Tables 4.29 and 4.30, respectively.  The total process time and the 

individual process time of the morning session are not different from the present 

system.  In the schedule system, the waiting time of check weight and height and make 

appointment processes increased sharply.  On the other hand, the waiting time of the 

diagnosis process decreased dramatically.  However, the total waiting time of the 

schedule system significantly increased.  Likewise, the characteristic of output in the 

constant system is quite similar to the schedule system, but the waiting time of the 

check weight and height and diagnosis processes are longer than the schedule system.  

Certainly, the total waiting time of the constant system is also longer than the schedule 

system.  

   For the afternoon session, the total process time and the individual process 

time are quite similar to the present system.  For the schedule system, the waiting time 

of all process increased.  Especially, the waiting time of the diagnosis process that is 

decreased almost 50% from the present.  Therefore, the total waiting time of the 

schedule system significantly decreased.  In the constant system, the waiting time of 

the check weight and height process dramatically increased when the waiting times of 

the four following processes decreased.  For this reason, the total waiting time of the 

constant system is longer than the present system. 
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 Figures 4.77 and 4.78 show the percentage changes in the waiting time of 

strategy 3 in the morning and afternoon sessions, respectively.  The negative numbers 

indicate that the waiting time decreased whereas the positive numbers indicate that the 

waiting time increased.  For the morning session, the percentage changes of the check 

weight and height process for both of the schedule and constant systems increased 

sharply.  Therefore, the percentage changes of the total waiting time in the two sub-

strategies are increased.  Nevertheless, the percentage change of the total waiting time 

of the schedule system is increased less than the constant system. 

 For the afternoon session, the schedule system can help decrease the 

waiting time in every process as the percentage changes are shown as the negative 

numbers in Figure 4.78.  On the other hand, the constant system cannot decrease the 

waiting time of every process.  Especially, the waiting time of check weight and height 

process is dramatically increased.        

   The simulation results revealed that the schedule system is more effective 

than the constant system.  It can decrease the individual waiting time and the total 

waiting time in the system.  This may indicate that if patients arrive at the department 

by an exponential pattern, patients will waste less time waiting than in the constant 

arrival pattern.  Therefore, the department should keep using the present appointment 

system (schedule system) in their outpatient service. 
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4.9  Strategy comparison 

   In order to identify the sub-strategies that could better decrease the waiting 

time in each strategy, the researcher compared their effectiveness in Figures 4.79 and 

4.80.  Table 4.31 shows the percentage changes in KPIs, which are the total waiting 

time and the total time in the system for the morning session.  As described earlier, 

sub-strategy SM-3 is the best strategy for improving the outpatient flow in the 

morning session.  It helps to decrease the total waiting time and the total time in the 

system more significantly than the other two sub-strategies.  Meanwhile, the number 

out is the same as in the present system.  In contrast, the number out of the sub-

strategy SSM is 433 patients that are more than in the present system.  Even though, 

there are more patients come out of the system, the total waiting time and the total 

time in the system are not decreased.  Therefore, the strategy which should be 

implemented in the morning session is the staggering of physicians’ working hours.  

The simulation results indicate that sub-strategy SM-3 may decrease the total waiting 

time and total time in the system by 9.19, and 7.70 percent respectively.  Because of 

this, three physicians should change their working hours from 9.00 – 12.00 AM to be 

8.00 – 11.00 AM. 
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Table 4.31 Comparison of percentage changes in KPIs among the best in each sub-

strategies for the morning session    

Sub-strategy 
Percentage changes (%) 

Number out 
Total waiting time Total time in the system 

IM-1 0.14 0.13 206 

SM-3 -9.19 -7.70 206 

SSM 25.80 21.61 433 

 

   The percentage changes in KPIs of the afternoon session are shown in 

Table 4.32.  Sub-strategy SSA is the sub-strategy which could decrease more waiting 

time than the other sub-strategies, but it has the least number out.  Because of this, 

sub-strategy SA-2 may be the best strategy of the afternoon session.  The output 

indicates that it may decrease the total waiting time and total time in the system by 

22.97 and 17.80 percent, respectively.  Meanwhile, the number out is the same as in 

the present system, so the sub-strategy is suitable for improving the system.  For these 

reasons, the department should implement the sub-strategy SA-2 to improve the 

outpatient service in the afternoon session.  Two physicians should change their 

working hours from 1.00 – 3.00 PM to be 12.00 – 2.00 PM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Attaya Chochay                                                                                               Results and Discussion / 148 

 

 

 

 

 

F
ig

u
re

 4
.8

0
 P

er
ce

n
ta

g
e 

ch
an

g
es

 i
n
 w

ai
ti

n
g
 t

im
e 

fo
r 

th
e 

af
te

rn
o
o
n
 s

es
si

o
n

 



Fac. of Grad. Studies, Mahidol Univ.                                               M.Eng. (Industrial Engineering) / 149 

 

Table 4.32 Comparison of percentage changes in KPIs among the best in each sub-

strategies for the afternoon session    

Sub-strategy 
Percentage changes (%) 

Number out 
Total waiting time Total time in the system 

IA-1 -16.97 -13.14 151 

SA-2 -22.97 -17.80 150 

SSA -48.32 -37.45 96 

 

  As a result, the department implements the same strategy in both of the 

morning and afternoon sessions.  It is uncomplicated to manage the department by 

using the same proposed strategy.  Therefore, the researcher considered to implement 

the sub-strategy SM-3 to improve the outpatient service in the morning session.  The 

output of this sub-strategy indicates that it may decrease the total waiting time and 

total time in the system by 9.19 and 7.70 percent, respectively.  From the result, three 

physicians should change their working hours from 9.00 – 12.00 AM to 8.00 – 11.00 

AM.  As described earlier, the sub-strategy SA-2 is the best strategy in the afternoon 

session.  It may decrease the total waiting time and total time in the system by 22.97 

and 17.80 percent, respectively.  Two physicians should change their working hours 

from 1.00 – 3.00 PM to be 12.00 – 2.00 PM. 

 

 

4.10  Summary 

  This chapter reveals the details of the case study.  The outpatient flow of 

the pediatrics department starts when patients show an appointment card or register at 

the registration counter and ends when they leave from the department after they 

receive medicine at the pharmacy.  Besides, if the physician orders the patient to have 

the x-ray or blood testing, the patient will go to the diagnostic radiology or the OPD 

lab, respectively.  From the data collection, the result shows that the patients always 

spend a lot of time for waiting.  The waiting times are approximately 80.45 and 76.20 

percent of the total time in the patient flow for the morning and afternoon sessions, 

respectively.  The waiting time is non value-added which creates dissatisfaction in the 

service.  Therefore, the patient flow is modeled and simulated by the discrete event 
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simulation.  The strategies are created to improve the outpatient service.  There are 

three strategies which are 1) increasing the number of physicians 2) staggering of 

physicians’ working hours and 3) improving the patient appointment system.         

  Based on the simulation results, the strategy of increasing number of 

physicians may not solve the problem in the morning session.  The total waiting time 

and the total time in the system could not be decreased.  Even though the total waiting 

time and the total time in the system of the afternoon session is less than that in the 

present, it may not be worthwhile to add more physicians to the system.   In addition, 

it can be said that the waiting time is carried over to the next process.   

  On the contrary, the strategy of staggering physicians’ working hours may 

decrease the total waiting time and total time in the system.  This is based on the 

observation that patients usually come to see physicians before the working time, so 

staggering physicians’ working hours may help to spread the number of patients over a 

longer period of time. This should reduce the congestion naturally.  Therefore, this 

strategy is a better choice for decreasing the waiting time in the system. 

  Last, the strategy of improving patient appointment system revealed that 

the schedule system is better than the constant system.  It can decrease the individual 

waiting time and total waiting time in the system.  Most importantly, the number of 

patients should not be higher than the capacity of resources otherwise it will be 

overcrowded. 

   In conclusion, the strategy which can decrease the waiting time in both the 

morning and afternoon sessions is the staggering of physicians’ working hours.  For 

the morning session, three physicians should change their working hours from 9.00 – 

12.00 AM to be 8.00 – 11.00 AM.  For the afternoon session, two physicians should 

change their working hours from 1.00 – 3.00 PM to be 12.00 – 2.00 PM.  In the next 

chapter, the researcher will conclude the research as well as provide suggestions and 

recommendations for the future research. 
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CHAPTER V 

CONCLUSION 

 

 

  In Chapter 4, the researcher explained the characteristics of the case study.  

Then, the researcher analyzed the hospital’s service system by using the simulation 

modeling and created three strategies for improving the patient flow.  Afterward, the 

researcher reported the results and discussion of the strategies.  Above all, the two 

main objectives of the research are reached.  First, the researcher studied and 

understood the characteristics of the service and patient flow of outpatient in the 

pediatrics department of the studied hospital.  Second, the researcher analyzed the 

problem and suggested possible strategies to increase the efficiency of the service.  In 

this last chapter, the research is concluded.           

 

 

5.1 Characteristics of the service and patient flow of the pediatrics 

department in the case study hospital 

 The pediatrics department is one of many departments in Ramathibodi 

Hospital.  This department has its own payment and pharmacy rooms in the front of 

the department.  In other words, this department provides the so-called “one – stop 

service”.  There are five stations (or processes) where a patient comes to obtain the 

medical service.  First, the patient’s weight and height is measured at the counter 

inside the department.  Then the patient waits to see a physician.  If the proceeding 

patient finishes the diagnosis process early, he/she is called to see the physician in an 

examination room.  Next, the patient is diagnosed by the physician.  Afterwards, the 

patient brings the medical record to the medical record counter, and receives an 

appointment card or a prescription/payment bill/counsel.  Then the patient brings the 

prescription to the pharmacy room and makes a payment at the cashier’s room.  

Finally, the patient receives medicine at the pharmacy room.  Besides, if the physician 
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orders the patient to get an x-ray or a blood test, the patient will go to the diagnostic 

radiology or the OPD lab respectively.    

   The department is located on the second floor of Building 1.  It opens to 

provide medical services in two periods which are; 

1) Morning session: 9.00 - 12.00 AM  

2) Afternoon session: 1.00 - 3.00 PM 

   Visiting patients at the department are divided into three main groups; i.e., 

emergency patients, appointment patients, and walk in patients.  The researcher found 

that these three types of patients may also obtain services at other departments.  For 

examples, patients may have to go to the OPD lab for the blood test, or diagnostic 

radiology for an x-ray.  Patients who obtain services at other departments may not 

have to come back to the pediatrics department if they do not need to see the physician 

again or are scheduled to see at another time.    

 

 

5.2  Problems and possible solutions to increase the efficiency of the 

 service 

  An observation is a methodology which is used to identify the problem of 

this department.  The waiting time is approximately 80.45 percent of the total time in 

the patient flow in the morning session.  Similarly, patients spend approximately 76.20 

percent of the total time waiting in the afternoon session.  The waiting time is non 

value-added which provokes dissatisfaction with the service.  Especially, patients 

spend more than forty minutes in the diagnosis process which is the most important 

process in the system.  Therefore, the administrators of the hospital need to improve 

the service in order to achieve an efficient operational system.  The researcher imitated 

the behavior of the patient flow by using the simulation model and created strategies 

for improving the service of this department.   

  Table 5.1 summarizes three main strategies and their corresponding sub-

strategies.  For morning session, the first strategy is to increase the number of 

physicians which is subdivided into four sub-strategies, IM-1 to IM-4, varied by the 

number of additional physicians. The second strategy is staggering physicians’ 

working hours, which consists of four sub-strategies, SM-1 to SM-4, varied by the 
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number of physicians who change the working hours.  The third strategy is the 

improvement of the patient appointment system which is subdivided into two sub-

strategies, SSM and CSM.  Sub-strategy SSM is for the schedule system such that the 

department appoints a group of patients during a time slot whereas sub-strategy CSM 

is the constant system such that the department appointed any individual patient at a 

specific time.   

 

Table 5.1 Summary of the three improvement strategies and their corresponding sub-

strategies 

Strategy 
Sub-strategy 

Morning session Afternoon session 

Increasing the number of physicians IM-1 to IM-4 IA-1 to IA-2 

Staggering of physicians’ working hours SM-1 to SM-4 SA-1 to SA-2 

Improve the patient appointment system SSM and CSM SSA and CSA 

 

  For afternoon session, the first strategy is to increase the number of 

physicians which is subdivided into two sub-strategies, IA-1 to IA-2, varied by the 

number of additional physicians.   The second strategy is the staggering physicians’ 

working hours, which consists of two sub-strategies, SA-1 to SA-2, varied by the 

number of physicians who change the working hours. The third strategy is the 

improvement of the patient appointment system which consists of two sub-strategies, 

SSA and CSA.  Sub-strategy SSA is for the schedule system such that the department 

appoints a group of patients during a time slot whereas sub-strategy CSA is for the 

constant system such that the department appointed any individual patient at a specific 

time.   

 After the researcher tested the three strategies, the researcher identified the 

best result in each strategy for the morning and afternoon sessions, as shown in Table 

5.2.  Table 5.2 showed the percentage changes in KPIs, which are the total waiting 

time and total time in the system.  As we can see, sub-strategy SM-3 is the most 

suitable for improving the outpatient flow in the morning session.  It helps to decrease 

the total waiting time and total time in the system.  For the afternoon session, sub-

strategy SA-2 is the most suitable.  The outputs indicate that it may decrease the total 
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waiting time and total time in the system more than sub-strategy IA-3.  Moreover, the 

number out is more than in sub-strategy SSA, and it is the same as in the present 

system.  Therefore, the sub-strategy SA-2 is suitable for improving the system.     

 

Table 5.2 Comparison of the percentage changes in KPIs of the best sub-strategy  

Session Sub-strategy 

Percentage changes (%) 

Number out 
Total waiting time 

Total time 

in the system 

Morning 

IM-1 0.14 0.13 206 

SM-3 -9.19 -7.70 206 

SSM 25.80 21.61 433 

Afternoon 

IA-1 -16.97 -13.14 151 

SA-2 -22.97 -17.80 150 

SSA -48.32 -37.45 96 

     

  

5.3  Suggestions and policy implication 

 

 5.3.1 Morning session 

 The research shows that the most suitable strategy for the morning session 

is the staggering working hours of three physicians.  In effect, there will be three 

physicians changed their working hours from 9.00 – 12.00 AM to be 8.00 – 11.00 AM.  

Before using the strategy, the department needs to manage the working schedules of 

physicians.  Moreover, the department should remind the physicians who must come 

to work an hour earlier in order to avoid the physicians’ confusion with their new 

working hours.                 

                       

 5.3.2 Afternoon session 

 The most suitable strategy for the afternoon session is the staggering 

working hours of two physicians.  The new working hours of the two physicians is 

12.00 – 2.00 PM instead of the present system during 1.00 – 3.00 PM.  In the same 

way, the department will have to manage the working schedules of physicians before 
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using the strategy, and should remind the physicians who must come to work an hour 

earlier in order to avoid the physicians’ confusion with their new working hours.                 

 

 

5.4  Recommended future research 

  Overall, the patient flow is so complicated and has many details. 

Therefore, the patient flow analysis and improvement strategy must involve other 

related factors as much as possible in order to eliminate the unnecessary waiting time 

in the system.  Then, the researcher recommends two subjects for future research. 

  1) The three existing strategies can be integrated into one new strategy.  

For instance, the second and the third strategies can be combined as a fourth strategy.  

For instance in the morning session, the department may use the schedule system in 

the appointment process along with staggering working hours of physicians in the 

system.  The waiting time of this combination may be decreased more than using only 

one strategy.        

  2) Other important factors should be studied; for example, the payment 

system and the pharmacy system.  Because the research focused on the diagnosis 

process, other factors were neglected.  In addition, other factors are also important to 

the system.  For this reason, other factors should be considered in the future research. 

  Future research can create other strategies and study other important 

factors in order for the hospital to efficiently provide service and meet patients’ 

demand.  Most importantly, it must be for patient’s satisfaction and be beneficial to the 

hospital.  From then on, the quality of service at public hospitals will be better. 
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APPENDIX A 

PATIENT TRACKING FORM 

 

 

 The patient tracking form in Figure A.1 is an important hardware in this 

research.  It was used to record the data about the outpatient service.  A collector 

(researcher) collected data of patient who came to obtain the service throughout the 

flow although the patient went to other department.  For example, when the patients 

finished the activities at the pediatrics department and had blood testing at the OPD 

Lab, the collector (researcher) also wrote process names, resources, and process time 

of both pediatrics department and the OPD Lab.  As a result, the researcher can clearly 

understand the flow of patient along the service chain.   
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APPENDIX B 

FLOW OF PATIENT 

 

 

 Patients who come to obtain the healthcare service at the pediatrics 

department had activities like in a swim lane diagram in Figure B.1.  Some types of 

patient might use resources of other department as seen in the first column of the swim 

lane diagram.  The first column shows resources which work for activities in the 

second column. Moreover, there are many forms of module which use to draw the 

diagram as shown in Table B.1. 

 

 

Table B.1 Module in swim lane diagram 

Module Description 

 

A representative of patients, and it is used to 

connect the flow between page to other page 

 

A process which patients and resources do in the 

hospital 

 

A decision point in the flow 

 

 

A process which use data for continue the flow 

 

 

A process which has documents 

 

  

 A beginning of every patient is at the first circle which has a word 

“Patient” in it.  Patients obtain the service by following their own type.  Finally, they 

finished their activity at the last circle which has a phrase “leave from hospital” in it.  

So the flow is completed when the patients leave from the system. 
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APPENDIX C 

SIMULATION MODELING 

 

 

The selection of distribution 

 Sections 4.5.3 described about the input analysis which the researcher 

must use the results to build the model.  The researcher analyzed raw data to obtain the 

set of appropriate statistical distributions.  However, there are many candidate forms.  

Thus, the researcher chose only one distribution which passed the goodness-of-fit test 

with higher corresponding p-value.  Moreover, the lowest square error is preferable.  

In this appendix, the send prescription process is used as an example for showing a 

method of distribution’s selection.   

 1) First, create the data set on the notepad as shown in Figure C.1.  There 

are totally 50 data points on service time in the check weight and height process. 

 

 

 

Figure C.1 Check weight and height notepad 
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 2) Open an Input Analyzer program and click at the button “New”.   Then, 

the new Input1 is shown in the program window (Figure C.2). 

 

 

 

Figure C.2 New input in the program window 
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 3) Click at the button “Use Existing Data File” as shown in Figure C.3.  

Next, select the notepad file which is created in step 1 

 

 

 

Figure C.3 Select the file  
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 4) A histogram and statistical value of the data will be shown in the 

window (Figure C.4). 

 

 

 

Figure C.4 Histogram of the data 
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 5) Click at the button “Fit All” as shown in Figure C.5.  The program will 

calculate the data and fit all distributions.  Then, it shows the distribution, Gamma, 

which has the least square error as in Figure C.6. 

 

 

 

Figure C.5 Click the button Fit All 
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Figure C.6 Distribution of the data 
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 6) A purpose of this step is to find a corresponding p-value. First, select Fit 

from the menu bar as shown in Figure C.7.  Second, select any distribution, such as 

Beta distribution.  Then, the Beta distribution will show in the window like in Figure 

C.8.  The test statistics and corresponding p-value are shown in this window.  The 

researcher also uses this method with other distributions.  When the researcher 

obtained the p-values of all distributions, the researcher will consider them by using 

the criteria which is explained in the Section 4.5.3.       

 

 

 

Figure C.7 Click Fit from the menu bar 
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Figure C.8 Beta distribution 
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 7) Click at the button “Fit All Summary” as shown in Figure C.9.  Then, 

the square error of each distribution will be shown in the window like in Figure C.10.  

This square error is one criterion to consider for an appropriate distribution. 

 

 

 

Figure C.9 Click the button Fit All Summary 
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Figure C.10 Square error of distribution 

 

 8) Finally, select the appropriate distribution of the data based on the 

goodness-of-fit test with the highest corresponding p-value and the lowest square 

error.  Therefore, the lognormal distribution is the appropriate distribution for 

explaining the service time of send prescription process.  

 

 

 

 

 

 

 

 



Attaya Chochay                                                                                                                 Appendices / 186 

 

Distribution of service time 

 The researcher used Input Analyzer feature of Rockwell Arena software to 

list the candidate statistical distributions.  Tables C.1-C.5 shows the distributions of 

process time for the morning session.  Meanwhile, the distributions of process time for 

afternoon session are shown in Tables C.6-C.10.  Only one distribution of individual 

process was chosen to be input in the simulation model by using the criteria which was 

explained in Section 4.5.3. 

 

Table C.1  Distribution of check weight and height process for the morning session 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 

Accept 

H0 

Reject 

H0 
MSE 

B
as

ed
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n
  

C
h
i 

- 
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u
ar

e 
te

st
 

B
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ed
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n
  

K
 -

 S
 t

es
t 

B
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ed
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n
  

C
h
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st
 

B
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ed
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n
  

K
 -

 S
 t

es
t 

 

0.03 + 

GAMM(0.146, 3.62) 
0.0827 0.0771 > 0.75 > 0.15   0.00242 

 

0.03 +  

ERLA(0.132, 4) 
0.245 0.0946 0.649 > 0.15   0.0029 

 

0.03 +  

LOGN(0.53, 0.309) 
0.399 0.0663 0.539 > 0.15   0.0029 

 

0.03 +  

WEIB(0.6, 1.93) 
1.47 0.0746 0.234 > 0.15   0.00896 

 

0.03 + 1.64 * 

BETA(2.22, 4.42) 
2.39 0.0965 0.134 > 0.15   0.0135 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.17, 1.53, 0.56, 

0.30 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.1  Distribution of check weight and height process for the morning session  

     (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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NORM(0.559, 

0.294) 
4.2 0.108 0.0423 > 0.15   0.0213 

 

TRIA(0.03, 0.381, 

1.67) 
9.69 0.201 0.0224 0.0322   0.0336 

 

0.03 + EXPO(0.529) 18.8 0.28 < 0.005 < 0.01   0.1 

 

UNIF(0.03, 1.67) 40.7 0.38 < 0.005 < 0.01   0.116 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.17, 1.53, 0.56, 

0.30 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.2  Distribution of diagnosis process for the morning session 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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Reject 
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3 + ERLA(3.14, 2) 1.01 0.0752 0.341 > 0.15   0.00713 

 

3 + GAMM(3.81, 

1.65) 
2.25 0.0834 0.149 > 0.15   0.0144 

 

3 + WEIB(6.85, 

1.34) 
2.58 0.0859 0.113 > 0.15   0.0152 

 

3 + 23 * 

BETA(1.03, 2.45) 
6.81 0.166 0.00931 0.131   0.0303 

 

3 + LOGN(7.01, 

8.35) 
4.82 0.137 0.0293 > 0.15   0.0333 

 

NORM(9.28, 4.88) 7.55 0.173 0.00633 0.102   0.0373 

 

3 + EXPO(6.28) 8.13 0.169 0.0188 0.119   0.0502 

 

Note:  The sample size is 48 patients.  The descriptive statistics are 3.10, 122.00, 

11.91, 16.82 minutes for the minimum, maximum, average and standard 

deviation, respectively. 

 



Fac. of Grad. Studies, Mahidol Univ.                                               M.Eng. (Industrial Engineering) / 189 

 

Table C.2  Distribution of diagnosis process for the morning session (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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H0 

Reject 

H0 
MSE 
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TRIA(3, 8.75, 26) 32 0.373 < 0.005 < 0.01   0.0911 

 

UNIF(3, 26) 38 0.459 < 0.005 < 0.01   0.132 

 

Note:  The sample size is 48 patients.  The descriptive statistics are 3.10, 122.00, 

11.91, 16.82 minutes for the minimum, maximum, average and standard 

deviation, respectively. 
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Table C.3  Distribution of make appointment process for the morning session  

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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Reject 

H0 
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1 + LOGN(1.48, 

1.4) 
3.32 0.106 0.0728 > 0.15   0.0116 

 

1 + GAMM(0.724, 

1.96) 
2.52 0.103 0.12 > 0.15   0.0159 

 

1 + ERLA(0.709, 2) 2.57 0.111 0.114 > 0.15   0.016 

 

1 + WEIB(1.57, 

1.47) 
2.81 0.129 0.0953 > 0.15   0.0196 

 

1 + 4 * BETA(1.09, 

1.79) 
5.54 0.206 0.0664 0.0357   0.0343 

 

1 + EXPO(1.42) 7.4 0.167 0.0248 0.14   0.0429 

 

NORM(2.42, 1.01) 9.7 0.224 < 0.005 0.0183   0.0529 

 

Note:  The sample size is 46 patients.  The descriptive statistics are 1.12, 5.63, 2.66, 

1.28 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.3  Distribution of make appointment process for the morning session  

   (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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Reject 

H0 
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TRIA(1, 2, 5) 13.9 0.259 < 0.005 < 0.01   0.0539 

 

UNIF(1, 5) 19.2 0.359 < 0.005 < 0.01   0.0696 

 

Note:  The sample size is 46 patients.  The descriptive statistics are 1.12, 5.63, 2.66, 

1.28 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.4  Distribution of payment process for the morning session  

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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LOGN(0.818, 

0.465) 
0.52 0.109 0.481 > 0.15   0.00409 

 

ERLA(0.204, 4) 1.43 0.0845 0.239 > 0.15   0.00975 

 

GAMM(0.217, 3.77) 1.75 0.0947 0.203 > 0.15   0.0108 

 

WEIB(0.925, 1.89) 5.84 0.115 0.0174 > 0.15   0.0304 

 

2.74 * BETA(2.37, 

5.24) 
6.51 0.156 0.0112 > 0.15   0.0328 

 

NORM(0.817, 

0.464) 
9.29 0.197 < 0.005 0.038   0.0465 

 

TRIA(0, 0.587, 

2.74) 
16.1 0.311 < 0.005 < 0.01   0.0762 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.18, 2.50, 0.82, 

0.47 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.4  Distribution of payment process for the morning session   (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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Reject 

H0 
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EXPO(0.817) 28.1 0.309 < 0.005 < 0.01   0.154 

 

UNIF(0, 2.74) 62 0.437 < 0.005 < 0.01   0.177 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.18, 2.50, 0.82, 

0.47 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.5  Distribution of pharmacy process for the morning session  

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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TRIA(1, 2.22, 6.68) 6.36 0.105 0.0966 > 0.15   0.029 

 

1 + ERLA(0.571, 4) 6.02 0.0809 0.0157 > 0.15   0.0305 

 

1 + GAMM(0.558, 

4.09) 
6.1 0.0775 0.015 > 0.15   0.0309 

 

1 + WEIB(2.59, 

2.23) 
5.63 0.0834 0.0194 > 0.15   0.0315 

 

1 + LOGN(2.32, 

1.32) 
6.73 0.105 0.0096 > 0.15   0.0317 

 

1 + 5.68 * 

BETA(2.16, 3.21) 
5.93 0.0902 0.0166 > 0.15   0.032 

 

NORM(3.28, 1.09) 6.82 0.106 0.00925 > 0.15   0.0393 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 1.38, 6.19, 3.28, 

1.10 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.5  Distribution of pharmacy process for the morning session (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 

Accept 

H0 

Reject 

H0 
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UNIF(1, 6.68) 32.9 0.277 < 0.005 < 0.01   0.0939 

 

1 + EXPO(2.28) 33.5 0.314 < 0.005 < 0.01   0.12 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 1.38, 6.19, 3.28, 

1.10 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.6  Distribution of check weight and height process for the afternoon session 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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TRIA(0.12, 0.299, 

1.28) 
2.8 0.0921 0.438 > 0.15   0.0107 

 

0.12 + 

LOGN(0.453, 

0.294) 

8.75 0.088 < 0.005 > 0.15   0.0147 

 

0.12 + ERLA(0.149, 

3) 
6.28 0.0761 0.0447 > 0.15   0.0159 

 

0.12 + 

GAMM(0.138, 3.23) 
7.01 0.0761 0.00851 > 0.15   0.0179 

 

0.12 + 1.16 * 

BETA(1.63, 2.61) 
4.92 0.0839 0.0886 > 0.15   0.0199 

 

0.12 + WEIB(0.506, 

1.95) 
6.1 0.0968 0.048 > 0.15   0.0214 

 

NORM(0.566, 

0.244) 
8.46 0.144 < 0.005 > 0.15   0.0378 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.22, 1.18, 0.57, 

0.25 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.6  Distribution of check weight and height process for the afternoon session 

      (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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UNIF(0.12, 1.28) 22.5 0.243 < 0.005 < 0.01   0.0643 

 

0.12 + EXPO(0.446) 18.8 0.249 < 0.005 < 0.01   0.0709 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.22, 1.18, 0.57, 

0.25 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.7  Distribution of diagnosis process for the afternoon session 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 

Accept 

H0 

Reject 
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NORM(10.4, 3.79) 0.576 0.136 0.465 > 0.15   0.00472 

 

2 + WEIB(9.43, 

2.31) 
1.13 0.104 0.306 > 0.15   0.00493 

 

2 + GAMM(1.87, 

4.47) 
1.49 0.0993 0.231 > 0.15   0.00604 

 

2 + ERLA(2.09, 4) 2.26 0.118 0.148 > 0.15   0.00878 

 

2 + 20 * 

BETA(2.35, 3.27) 
2.14 0.128 0.161 > 0.15   0.00927 

 

TRIA(2, 9.14, 22) 3.31 0.168 0.365 0.115   0.0127 

 

2 + LOGN(8.55, 

4.84) 
3.75 0.123 0.0539 > 0.15   0.0155 

 

Note:  The sample size is 49 patients.  The descriptive statistics are 2.82, 36.00, 

10.87, 5.25 minutes for the minimum, maximum, average and standard 

deviation, respectively. 
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Table C.7  Distribution of diagnosis process for the afternoon session (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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Reject 

H0 
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UNIF(2, 22) 31.4 0.254 < 0.005 < 0.01   0.0916 

 

2 + EXPO(8.36) 37.1 0.348 < 0.005 < 0.01   0.134 

 

Note:  The sample size is 49 patients.  The descriptive statistics are 2.82, 36.00, 

10.87, 5.25 minutes for the minimum, maximum, average and standard 

deviation, respectively. 
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Table C.8 Distribution of make appointment process for the afternoon session  

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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NORM(2.78, 1.04) 5.64 0.0657 0.0627 > 0.15   0.0131 

 

1 + 5 * BETA(1.49, 

2.69) 
4.55 0.0689 0.104 > 0.15   0.0139 

 

1 + WEIB(1.98, 

1.66) 
3.79 0.0877 0.167 > 0.15   0.0158 

 

1 + ERLA(0.891, 2) 5.44 0.116 0.0699 > 0.15   0.0223 

 

1 + GAMM(0.891, 

2) 
5.38 0.123 0.072 > 0.15   0.0224 

 

TRIA(1, 2.79, 6) 10.2 0.201 0.0185 0.0307   0.0352 

 

1 + LOGN(2.05, 

2.33) 
12 0.163 < 0.005 0.127   0.0387 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 1.03, 5.83, 2.78, 

1.05 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.8 Distribution of make appointment process for the afternoon session  

   (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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1 + EXPO(1.78) 14.8 0.21 < 0.005 0.0219   0.0521 

 

UNIF(1, 6) 22.8 0.314 < 0.005 < 0.01   0.0651 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 1.03, 5.83, 2.78, 

1.05 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.9 Distribution of payment process for the afternoon session  

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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0.18 + 

GAMM(0.168, 3.31) 
0.219 0.0638 0.667 > 0.15   0.00423 

 

0.18 + ERLA(0.186, 

3) 
0.395 0.0621 0.542 > 0.15   0.00507 

 

0.18 + WEIB(0.632, 

1.86) 
0.645 0.0886 0.445 > 0.15   0.0074 

 

0.18 + 

LOGN(0.562, 

0.351) 

1.51 0.0795 0.23 > 0.15   0.00812 

 

0.18 + 1.77 * 

BETA(2.04, 4.18) 
1.37 0.133 0.245 > 0.15   0.0118 

 

NORM(0.738, 

0.321) 
2.44 0.131 0.129 > 0.15   0.0157 

 

TRIA(0.18, 0.559, 

1.95) 
11.2 0.25 0.0112 < 0.01   0.0339 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.33, 1.80, 0.74, 

0.32 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.9 Distribution of payment process for the afternoon session (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 

Accept 

H0 

Reject 

H0 
MSE 

B
as

ed
 o

n
  

C
h
i 

- 
sq

u
ar

e 
te

st
 

B
as

ed
 o

n
  

K
 -

 S
 t

es
t 

B
as

ed
 o

n
  

C
h
i 

- 
sq

u
ar

e 
te

st
 

B
as

ed
 o

n
  

K
 -

 S
 t

es
t 

 

0.18 + EXPO(0.558) 16.5 0.244 < 0.005 < 0.01   0.0924 

 

UNIF(0.18, 1.95) 39.3 0.388 < 0.005 < 0.01   0.112 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 0.33, 1.80, 0.74, 

0.32 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.10 Distribution of pharmacy process for the afternoon session  

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 
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NORM(5.15, 1.47) 3.66 0.118 0.0579 > 0.15   0.0185 

 

TRIA(2, 4.77, 9.76) 7.03 0.16 0.0752 0.143   0.0317 

 

2 + 7.76 * 

BETA(2.26, 3.31) 
7.24 0.136 0.00757 > 0.15   0.034 

 

2 + WEIB(3.49, 

2.06) 
7.12 0.176 0.00806 0.0839   0.0362 

 

2 + GAMM(1.29, 

2.43) 
15.3 0.209 < 0.005 0.022   0.0616 

 

2 + ERLA(1.57, 2) 19.5 0.229 < 0.005 < 0.01   0.0724 

 

2 + LOGN(3.79, 

4.25) 
31.5 0.258 < 0.005 < 0.01   0.101 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 2.03, 9.05, 5.15, 

1.49 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Table C.10 Distribution of pharmacy process for the afternoon session (continued) 

Histogram 
Distribution from 

Input Analyzer 

Test Statistic p-value 

Accept 

H0 

Reject 

H0 
MSE 
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UNIF(2, 9.76) 36.8 0.304 < 0.005 < 0.01   0.105 

 

2 + EXPO(3.15) 43.7 0.318 < 0.005 < 0.01   0.135 

 

Note:  The sample size is 50 patients.  The descriptive statistics are 2.03, 9.05, 5.15, 

1.49 minutes for the minimum, maximum, average and standard deviation, 

respectively. 
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Z-test statistics 

   The z-test statistics is a hypothesis test which the researcher used to 

validate the simulation model of the pediatrics department.  It uses to test a difference 

between the mean of the observe data and the simulation outputs.  To illustrate, the 

mean of the total process time from the model is compared to the mean of the 

observed total process time.  Also the mean of the total waiting time from the model is 

compared to the mean of the observed total waiting time.  The researcher used two-

tailed test with 95% confident level in this procedure.  The parameters which are used 

in the procedure are the degree of freedom and the test statistic value.  These 

parameters can be calculated as follows. 

 

test statistic value (z) 

 

n

s

m

s

 - y - x
z

2

2

2

1

0




  

 

where  

                 = mean of observed values 

                   =   mean of model outputs 

      s1
 
  =   standard deviation of observed values 

      s2   =   standard deviation of model outputs 

      m   =   number of observed values 

      n   =   number of model outputs 

      ∆0  =  0 

      

   Above all, the null hypothesis and the rejection region of the z-test 

statistics are as follows; 

 

the null hypothesis    H0: μ1 – μ2  =  ∆0  

if  ∆0 = 0 then   H0: μ1   =  μ2    

         

x

y
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       μ1 = mean of the observed population 

       μ2 = mean of the model population 

rejection region   z ≥ 1.96  or  z ≤ -1.96  

 

 First, the researcher calculated the test statistics (z value).  Next, the test 

statistic value is compared with the rejection region.  If the test statistic value is 

between -1.96 and 1.96, the null hypothesis is accepted.  Tables C.11 and C.12 are the 

results of validated model for the morning and afternoon sessions, respectively.  All of 

null hypothesis are accepted so the models can be the representative for the outpatient 

flow of the pediatrics department. 
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APPENDIX D 

A PUBLICATION IN IE NETWORK CONFERENCE 2011 
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APPENDIX E 

A PUBLICATION IN THE EIGHTH NATIONAL TRANSPORT 

CONFERENCE (NTC8)  
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APPENDIX F 

A PUBLICATION IN 2013 ISBSS INTERNATIONAL 

SYMPOSIUM ON BUSINESS AND SOCIAL SCIENCES  
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