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Abstract— Currently, the number of outpatients at one of the public hospitals has been rising. The

3-month data showed that the average total time of each outpatient is 92.884 minutes. This research aims

to improve this igure by applying lean technique. Current business process is mapped into simulation

model. The model is built based on the itted data that are collected from each process. The result from

running simulation model shows that the maximum number of work in process takes place at payment

unit by 43.26 people. The blood test unit yields the highest waiting time at 31.57minutes. Two approaches

are proposed for improvement. From the simulation result, the irst approach can reduce the average

total time by 6.34% and the average number of patients at the payment process to 78.36%. Similarly,

the second approach can reduce the average total time by 1.63% and the waiting time at the blood test

unit by 21.25%. When two approaches are both applied together, the results show that the average total

time, the averagenumberof patients at thepaymentprocess reducesby6.28and63.15percent respectively.

© 2017 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

In this research, one of the public hospitals in Thai-

landwith about 1,300 outpatients per day is selected. Since

there are many processes required for receiving healthcare

treatment for each outpatient, the service time that each

outpatient spends at the hospital is longer than necessary.

This problem affects the outpatients’ satisfaction and also

the credibility of the hospital. Moreover, the hospital might

fail to achieve hospital accreditation, an assessment of a

hospital level of performance in relation to established stan-

dards.

That is why it is important to ind the ways to con-

tinuously improve the service. Lean technique is widely ap-

plied to improve hospital services. Many research studies

prove this technique to be effective. The improvement in-

cludes reallocating staff working schedule, adjusting job de-

scription of each support oficer and reducing the number

of steps in each process. These lead to reduction in service

duration at a cashier unit, low of visitors, and total waiting

time. Thus, the aim of this research is to apply lean tech-

nique to reduce the outpatient service time.

II. LITERATURE REVIEW

In Thailand, many researchers have applied lean

technique to improve service quality atmany hospitals such

as Bhumibol Adulyadej hospital [1] and Sakornnakorn hos-

pital [2]. In addition, [3] used lean in the dental industry.

Simulation is a tool that is often used with lean technique

[4] and [5]. In Thailand, [6] used simulation to analyze

the queue of parking area at Bhumibol Adulyadej hospital.

[7] applied simulation to improve total time in manufactur-

ing company. [8] successfully used simulation-based value

streammapping to help reduce non-value added time at the

public hospital. [9] effectively reduced the low time at the

St. Catharines Site of Niagara Health System using simu-
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lation and lean technique. This technique can also be ap-

plied at various departments of the hospital. [10] could in-

crease system eficiency of the Emergency Department and

reduce both the waiting patients and their stays. At last,

[11] used simulation to help rearrange the Emergency de-

partment layout and reduced the waiting time. Therefore,

simulation and value streammapping will be used as a tool

to validatewhether lean approach canhelp improve the ser-

vice time in this research.

III. RESEARCHMETHODOLOGY

There are ive main steps in this research as follows:

A. Data Collection

Data are collected from the hospital database from

May to August 2014. This research focuses on outpatient

department of one public hospital in Thailand. Only inter-

nal medicine unit and the general and family practice unit

are studied because the historical data show that majority

of the outpatients visit these two units. These data are then

used to create simulation models with computer program

called Arena. Many models are analyzed to select which

model is best suitable to improve the eficiency of service

system. From the data shown in Table 1, the outpatient

service department is busy in the morning or the peak pe-

riod. From the interview, some patients arrive as early as

5:00 AM to avoid big crowd. The study time period is set

from 7:00 AM to 11:00 AM. The current data show that the

average service for each patient is 92.884 minutes.

TABLE 1

NUMBER OF PATIENTS DURING THE PEAK PERIOD

Time Average Number of Patient (People)

7.00 AM-7.30 AM 160.75

7.30 AM-8.00 AM 209.56

8.00 AM-8.30 AM 191.63

8.30 AM-9.00 AM 193.06

9.00 AM-9.30 AM 160.69

9.30 AM-10.00 AM 135.19

10.00 AM-10.30 AM 103.00

10.30 AM-11.00 AM 69.81

B. Current Service Process

The interviews with all the oficials are conducted

to construct current business process of outpatient ser-

vice. Each process is shown in Figure 1. The outpatients

are separated into two types; appointment patients and

non-appointment patients. Non-appointment patients are

accounted for 58.24 percent of all patients. The patients

who have an appointment receive treatment by the physi-

cians, so they can go to speciic treatment unit right away.

If they want to use the social or private-company health

insurance, they contact the medical records and statistical

unit or health care insurance unit irst. If they have to do

blood or x-ray tests, they contact payment irst. After they

inish all tests or treatments, they contact payment unit be-

fore they leave the hospital. For outpatients who do not

have an appointment, they contact the screening unit irst.

Then they contact with medical records and statistics unit

and go to treatment unit. If the doctor wants the patients

to have further blood test or x-ray test, the patients contact

payment unit again. In the inal step, they contact payment

unit before leaving the hospital. It can be seen that current

service process is complex and involves too many steps.

Fig. 1 . Outpatient service business worklow

C. Statistical Distribution Analysis

The data from the computer information system are

analyzed to it the statistical distribution using goodness

of it test (Kolmogorov-Smirnov or K-S Test). The results

of goodness of it test depend on the P-Value. Their values

should be greater than 0.05 so that the itted distribution is

not rejected at signiicant level of 0.05. The distribution of

each unit’s processing time is shown in Table 2.
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TABLE 2

FITTED L DISTRIBUTION OF EACH UNIT’S PROCESSING TIME

Unit Distribution p value (KS Test)

Arriving of Patient POS(161) 0.97

Screening UNIF(40.1,99.5) 0.84

Medical Rec. Non-Appointment 221+WEIB(71.6,3.67) 0.93

Medical Rec. Appointment 177+WEIB(21.3, 3.67) 0.93

Health Insurance UNIF(185,419) 0.77

Screening Treatment Room 200+WEIB(0.986,29.7) 0.89

Physician Room 294+LOGN(3.43,0.595) 0.72

Counter Treatment Room 0.865+EXPO(214) 0.84

Dru Order Point 14.7+WEIB(6.77,3.67) 0.93

Payment 0.713+EXPO(61.4) 0.75

Receiving Drug UNIF(117,198) 0.78

Blood Test 3.78+WEIB(5.5,3.83) 0.69

X-ray UNIF(11,15) 0.84

Wait Laboratory Result 0.872+EXPO(33.5) 0.92

D. Build and Validate Simulation Model

The computer simulation model is created in Arena

to imitate the current business process using the statisti-

cal distribution obtained in 3.3. After that, the simulation

model is validated to ensure that the model its the current

situation using hypothesis testing. The simulation model

is built based on following three assumptions. First, the

queuing of this system is a irst in irst out (FIFO). Second,

the servers of this study are all service units of the outpa-

tient department of hospital such as screening point, med-

ical records and statistical unit, payment unit and speciic

treatment unit. Third, the service duration is 4 hours.

E. Lean Technique Improvement

In this last step, various scenarios obtained from

applying lean technique are evaluated. The best model is

selected for recommendation.

IV. RESULTS

A. Simulation Model

Simulation models are built based on the results

of statistical distribution. The conditions of current ser-

vice system of the outpatient department and number of

employees of each service unit in each hour are set in the

models. We use the Arena computer program to do the sim-

ulation modeling.

B. Model Validation

The model validation is to conirm that the built

model simulates a real situation. This step is based on sta-

tistical techniques to compare the run simulation and real

situation. In this study, the average total time of the current

system is compared with the results from the simulation

software. The hypothesis is set up as shown below using

the signiicant level of 0.05.

H0 : µ = 92.884

H1 : µ≠92.884

TABLE 3

ONE-SAMPLE-Z

Test of mu= 92.884 vs not=92.884

The assumed standard deviation=6.62

N Mean SE Mean 95% CI Z P

1001 93.0930 0.2092 (92.6829, 93.5031) 1.00 0.318

Since the P-value from table 3 is equal to 0.318

which is greater than 0.05, we cannot reject theH0. So the

current simulationmodel is reasonable and close to the real

system.

C. Problem Analysis by Lean Technique

From the current service system, we analyzed the

data from results of the simulation and value stream map-

ping from table 3. We found that there are two types of

waste that could be eliminated.
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Fig. 2 . Value streammapping of current process

1. Transportation: The transportation waste occurs

when visitors go to some medical units which are not nec-

essary or they go to the same unit many times during one

visit. According to the business process worklow in Fig-

ure 1, the visitors contact payment unit many times. This

means the visitors walk more than they are required.

2. Non-value added process: The process waste means

there are some unnecessary or redundant processes in or-

der to receive the treatment. For example, the appointment

patients who already provide health insurance information

must contact health care insurance unit every time they

visit before going to the treatment unit. Although the pa-

tients use the same insurance, they still need to provide the

same information in every visit. This step can be avoided.

D. Improvement Approaches

We propose three ways to improve the outpatient

service time as follows:

1. Redesign process at payment unit: Currently the patients

have to contact the payment unit three times. From Figure

3, we get rid of two payment steps for patients who both

make and do not make appointment. This can be imple-

mented because of the recent upgrade in the information

system at the hospital which can now record all activities

and all charges. At the end, the patients contact payment

unit only once. This improvement will reduce both trans-

portation and process wastes.

Fig. 3 . Redesign process low at payment unit
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2. Replace some processes using information system.

Because new information system can keep the

records of the health insurance information of the patient

from the last visit, the patients do not need to provide the

same information again unless they want to update the in-

formation. In addition, the doctor can now enter the drug

order online. Before, the pharmacist enters the drug order

into the system based on the drug order document from the

doctor. Thus, processes of providing health insurance infor-

mation and entering drug order can be eliminated as shown

in Figure 4.

Fig. 4 . Eliminated processes

TABLE 4

THE SIMULATION RESULT

List Currently First Approach Second Approach Two Approaches Together

Value Different Percentage Value Different Percentage Value Different Percentage

Total Service Duration 93.44 87.51 -6.34 91.92 -1.63 87.57 -6.28

Waiting at Blood Test Unit (Minutes) 31.59 36.46 -85.49 24.86 -21.25 36.95 -17.04

No of Work in Process (People) 43.26 9.36 -78.36 72.94 -68.84 15.94 -63.15

Ofice (People) - same - -2 - -2 -

Note= "-" is decrease, "+" is increase

3. Combine the two approaches together: In this

method, the irst and second approaches are both used for

improvement.

The results from simulation software are shown in

table 4. If the irst approach and second approach are ap-

plied, the service time is reduced by 87.51%and91.92%re-

spectively. The result is mixed for the waiting time at blood

test unit. The irst approach yields an increase by 15.49%

but a reduction of 21.25% by second approach. The num-

ber of work in process or the number of patients in process

is reduced by 78.36%using the irst approach but increased

by 68.84% using the second approach. The reason behind

this inding is that the process times are not the same. If

one process is improved, the load will shift to the next pro-

cess with the largest processing time. If two approaches

are combined together, the total service time is reduced by

6.28%, the waiting time at blood test unit is increased by

17.04% and the number of WIP is reduced by 63.15%. In

addition, the number of staff decreases by 2.

From these results, we recommend the third ap-

proach for implementation because the service time can be

improved as well as the irst approach. Even though the

waiting time at blood test unit is longer and the number of

patients in process is higher than the results from the irst
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approach, key beneit is the reduction of the oficer. This

will help hospital save cost.

V. CONCLUSION

This study aims to reduce the outpatient service time

at public hospital in Thailand by lean and simulation tech-

niques. After understanding the current process, data are

collected. These data are analyzed to it the statistical dis-

tribution. Next, simulation model is generated and vali-

dated against the real system. Using value stream mapping

and lean technique, two approaches are then proposed to

reduce waste in transportation and process. The irst ap-

proach is to redesign the payment process by getting rid

of the payment steps for the blood or lab tests. The sec-

ond approach is to replace some steps with the use of com-

puter information system. The patients do not waste time

to provide health insurance information in every visit. Fur-

thermore, drug ordering step is noweliminated because the

doctors will enter ordering information in the system in-

stead. The researchers recommend combining these two

approaches together. This can reduce the total service time

by 6.28%, the waiting time at blood test unit is increased

by 17.04% and the number of WIP is reduced by 63.15%.

In addition, two staff members can be reallocated to other

tasks.

In the future, the management team at this public

hospital would like to implement lean approach with other

departments of the hospital.
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