Mathematical Modelling of Engineering Problems
Vol. 9, No. 3, June, 2022, pp. 849-855
Journal homepage: http://iieta.org/journals/mmep

Lean Healthcare Improvement Model Using Simulation-Based Lean Six-Sigma and TRIZ
Sri Indrawati*, Enif Ramadhan Madarja
Industrial Engineering Department, Faculty of Industrial Technology, Universitas Islam Indonesia, Yogyakarta 55584,
Indonesia
Corresponding Author Email: sriindrawati@uii.ac.id
https://doi.org/10.18280/mmep.090335

ABSTRACT

Received: 24 January 2022
Accepted: 13 May 2022

As a part of primary care clinic, the Indonesian-community health center is responsible
for efforts to encourage independence and create a community for healthy living. The
service facility commonly used is the general polyclinic. A number of problems occur
are non-value added activities that lead to a longer waiting time. Therefore, the aim of
this study is to improve the service performance at Indonesian-community health center.
This research used six sigma DMAIC model in evaluating the current service system
using value stream mapping (VSM), determining critical waste using the Borda count
method, identifying the root causes of critical waste, designing the alternative service
system improvements using theory of inventive problem solving (TRIZ), building
alternative simulation models using Flexsim software, and evaluate the improvement
plan. The result shows that the average time of general polyclinic services in current
system is 107 minutes with waiting as critical waste (23%). There are two health-service
improvement scenarios developed using theory of inventive problem-solving method
(TRIZ), i.e. scenario 1 and scenario 2. Both scenarios are evaluated by considering some
criterias, i.e. idle time, waiting time, number of patients served, lead-time and process
cycle efficiency. The best scenario is scenario 2 with 48.2% reduction in lead time and
process cycle efficiency increased by 48%.
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1. INTRODUCTION

Lean service has been developed over years of research and
experience. The use of lean principles has been implemented
in the aviation services industry with the result of increasing
flexibility in meeting customer demand and reducing
operational operating costs, development time, transactions,
and licensing [11]. The lean concept has also been applied to
improve health service access by identifying current service
processes, identifying waste and developing service
improvement opportunities based on the established customer
values [12]. The waiting time in the outpatient CT scan process
can be reduced by 19% using value stream mapping (VSM)
[13]. Lean healthcare can improve operational effectiveness of
health services [14]. Lean healthcare effectiveness can be
measured using two main indicators, i.e. length of stay and
waiting time for both appointments and treatments [15].
There are several problems in lean service implementation.
Lack of cultural infrastructure leads to unsustainable results
[7]. The successful implementation of the lean service concept
is determined by several factors, which are management
involvement in improving the process and employee attitudes
to minimize waste in the process [16]. Six sigma is a method
that can be integrated into lean to solve these problems. Six
Sigma works with DMAIC cycle (define, measure, analyze,
improve and control) and powerful statistical method that
assist management and employee to control the system
improvement [17]. Lean six sigma has been successfully used
to improve operating room efficiency in pediatric hospitals
[18]. Six sigma has been widely used in healthcare sector to
improve efficiency and service quality [19].

By becoming a priority industry sector, the number of
healthcare service providers in Indonesia is increasing. The
growth reached 4.7% in 2020 with the majority provided noninpatient services at 59.6% [1]. However, the increase in the
number of healthcare service providers is not accompanied by
an increase in the quality of services. Indonesia is still facing
a poor performance in service promptness and quality of care
especially at the community health centers [2]. In addition,
there is also a problem regarding to accessibility of quality
health services throughout Indonesia [3].
As a provider of health services, Indonesian-community
health centers must provide services that are effective, safe,
excellence, and desired result [4]. Meanwhile, most users of
Indonesian-community health centers (primary care clinics)
complain about long waiting times and short opening hours [5].
The majority of patients show dissatisfaction in health services
especially with the health worker performance efficiency [6].
Therefore, a strategy to improve the healthcare services
performance is strongly needed in realizing customer
satisfaction.
Implementation of lean is one approach used for improving
service quality performance. Lean is a specific speed tool for
dealing with non-value add activities and cost to the service
[7]. It is an important tool for increasing customer satisfaction
and service performance improvement [8, 9]. There are five
main principles in lean, i.e. specify value, identify whole value
stream, flow, pulled, perfection [10].
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VSM is a powerful lean tool used to identify inefficiencies
in service processes and reduce value added activities [20].
VSM is a tool used to visualize an industry's business
processes along with important information, i.e. cycle time and
lead time [21]. There are five main components used in VSM,
i.e. main input, key process, key process information, main
output and system summary matric [21].
However, commonly used VSMs are not designed to
accommodate variability [22]. So that simulations are needed
to model a complex healthcare value stream such as patient
queues in this case study. Simulations have been used
effectively to increase quality potential in the healthcare sector
[23].
A lean action usually being generated to address the lean
problems found along the value stream. To produce more
effective lean action, theory of inventive problem solving
method (TRIZ) is able to provide more useful inventive
solutions through its knowledge-based tools [24]. TRIZ use a
systematic thinking that helpful for generating a breakthrough
idea based on TRIZ knowledge base [25].
Application of lean healthcare in a community health center
is rarely done. Therefore, this study aims to develop a quality
improvement model with simulation-based lean six-sigma and
TRIZ. Simulation models are integrated to evaluate lean
actions [26]. TRIZ is recommended to provide a creative
action plan in healthcare quality problem [27, 28].

waste and the number 8 for the waste that occurs the least
frequently and even never happened. Then, the results of the
questionnaire are processed using the Borda count method
using Eq. (2) to get critical waste [31].
𝑏𝑖 = ∑ (𝑁𝑤 − 𝑟𝑖𝑘 )
𝑘

(3) Analyze, determining the root cause of critical waste is
done at this stage by using an initial model simulation. The
software used is Flexsim 6. The development of simulation
models is done by dragging objects in the library column in
Flexsim 6 software. The source object function for arrival time,
queue for waiting time, processor for work processes in each
workstation, operator, network node for path distribution, and
sink output results that come out, the object that will describe
the layout of the system to be modeled and given the
appropriate connection between objects related to the real
system. After that, the behavior of each object is defined in
accordance with the data distribution and the actual system,
processing time, capacity and so on. The simulation model is
implemented by validating the test in the form of a similarity
of two averages, a similarity test of two variances and a Chisquare test based on simulation data from the initial model
output with historical data. The data used to validate the model
is the average output of patients served.
(4) Improve, the kaizen planning principle is used which
aims to eliminate non-value added activity by considering the
root cause of critical waste. An engineering contradiction
developed based on that root cause. The TRIZ method then
being used to create quality improvement plan. The system
parameters are determined using TRIZ 39 system parameters
for business and management. The 40 inventive principles and
a contradiction matrix are used [32]. The TRIZ contradiction
analysis is a powerful tool for generating alternative solutions
[25]. Two alternative improvement scenarios, which are
scenario 1 and scenario 2, are developed to evaluate the
performance of alternative service system improvements.
(5) Control, the best scenario is determined based on lean
performance measurement criteria. There are four criteria, i.e.
idle percentage, waiting time in administration and payment,
waiting time in general polyclinic and number of patient. Then
evaluation of service lead-time and process cycle efficiency is
done.

2. RESEARCH METHODOLOGY
The subject of the research is Indonesian-community health
center in West Java. Data about cycle time, layout, average
employee/nurse/doctor per day, information flow in each
department and working hours are collected through direct
observation. This research was conducted using six sigma
methodology through five main stages, which are [7]:
(1) Define, problem identification from the health service
system is done using a current value stream mapping (CVSM).
The cycle time of each service process is obtained from
primary data by measuring 30 samples directly using a
stopwatch. After that, the adequacy test is carried out on each
type of data obtained using Eq. (1) [29]. From CVSM, service
activities are identified and grouped into value added (VA),
non-value added (NVA) and non-value added (NNVA)
activities. The process cycle efficiencies then being evaluated.
𝑁=(

2
𝑡𝛼/2 𝑠
⁄ )
𝐸

(2)

3. RESULT AND DISCUSSION

(1)

The general Polyclinic process at the Indonesiancommunity health center consists of ten processes which can
be grouped into four parts, i.e. patient registration, nurse
evaluation, doctor evaluation and pharmacy. Patients who
come to the general polyclinic are divided into 2 types, i.e.
general patients and national health insurance patients.
General patients are patients who served with a cash payment
system, while nation health insurance patients are patients who
served based on an insurance form. The current service system
has a lead-time of 1 hour 46 minutes and a cycle time of 13
minutes 51 seconds as seen in Figure 1.
Activities categorized as a value added are 13%, non-value
added are 84.5%, necessary non value added are 2.75%. It
shows that the process cycle efficiency is still low at only 13%.
Low cycle efficiency indicates some of resources consumed
for non-value added activities.

(2) Measure, the measure stage is to measure the
performance of the current service system as baseline
measurement. Service system performance indicators in this
study are service lead-time and process cycle efficiency. At
this stage, a critical waste identification process is also
performed using a survey for several experts consisting of
doctors, heads of departments, senior employees, pharmacist,
operational staff, and laboratory personnel. The survey is
conducted through a questionnaire to evaluate eight types of
service waste. There are nine types of waste found in the
service industry known as E-DOWNTIME comprising of
defects,
waiting,
transportation,
over
production,
inappropriate processing, excess inventory, unnecessary
motion and human potential [30]. The assessment score on the
questionnaire is 1-8 with the number 1 for the most frequent
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Figure 1. Current service system of general polyclinic in Indonesian community health center

Figure 2. Initial simulation model
Long patient service time is caused by some service waste
that commonly occurs in the patient service process. To
determine the critical waste, a survey is conducted to seven
respondents from the management level. Survey data
processing is carried out using the Borda count method by
ranking each type of waste and multiplying it with the
appropriate weights that is rank 1 has the highest weight (n-1)
and so on. The analysis shows that there are eight types of
waste in the process, i.e.
(1) Waiting (Borda value 0.23) i.e. waiting for the
administration queue, patients waiting for the doctor and
patients waiting in line to take medicine.
(2) Transportation (Borda value 0.19) i.e. officers walk to
take patient identity status files, officers walk to send
documents, medical record documents are brought by the
patient and shown to each unit.
(3) Defect (Borda value 0.15) i.e. the drug prescriptions is
not clear, the patient's medical record is not clear, wrong
amount of medicine.
(4) Inappropriate processing (Borda value 0.12) i.e. the
officers provide the same information to patients repeatedly,
officers explain the flow of services to new patients, the officer
checks the completeness of the insurance file in each unit.
(5) Inventory (Borda value 0.1) i.e. stacking medical record
documents, administration officers pile up a lot of medical
record folders before being sent to the clinic at once,

pharmacists stack drugs that have been mixed before being
handed over to patients.
(6) Motion (Borda value 0.09), i.e. officers looking for
patient medical record files, officers looking for equipment,
officers asking for unclear document, officers check drug
availability.
(7) Over production (Borda value 0.08) i.e. release the same
laboratory results, enter the same data repeatedly. pharmacists
make concoctions that are often prescribed, the officer called
many times so that the patients who are queuing answered
each other.
(8) Human potential (Borda value 0.04) i.e. officers feel that
their ideas are not being heard, large idle time in certain units.
Based on Borda count method, it is found that critical waste
in the patient service process is waiting. This is in accordance
with the results of direct interview. The interview is conducted
with the management leader to identify the complaints
received from patients. Complaints experienced by patients
that affect the service quality are long waiting times. To find
the root cause for waste type waiting, a simulation model is
used for describing the current service process.
The simulation model is created using the cycle time data
used in CVSM and its distribution. There are 18 types of data
being used, i.e. the time of queue number printing, the time of
administrative registration process 1, the time of
administrative registration process 2, admin 1 processing time

851

entering patient data, admin 2 processing time entering patient
data, process time admin 1 receives payment,, process time
admin 2 receives payment, process time admin 1 submits the
queue number for doctor's examination, process time admin 2
submits the queue number for the doctor's examination,
transfers time of the patient to the doctor's examination room,
process time for nurse evaluation, process time for doctor's
examination, process time for the doctor making prescriptions,
time for transferring patients to pharmacy, processing time for
submitting pharmacy queue numbers, processing time for
pharmacist 1 providing drugs, processing time for pharmacist
2 providing drugs, processing time for Admin of pharm 1
delivering drugs to patients, process time for Admin of pharm
2 delivering drugs to patients as seen in Figure 2.
Furthermore, the initial simulation model validation is
carried out based on the model's output and the actual output.
There are three validation method used in this study, i.e. the
similarity test of two averages, the similarity test of two
variances and the Chi-Square test. The t test is used to analyzed
the similarity of real system data and simulated data with 30
samples and an alpha level of 0.05. The result of t count is 1.37
while the t table is 2.048 then the null hypothesis is accepted
because t count < t table. While the similarity test of two
variances is conducted using F test with 0.05 alpha level. The
test is used to determine whether the real system data and
simulated data samples have different variances. The result of
F count is 2.00 while the F table is 2.101 then the null
hypothesis is accepted because F count < F table. The ChiSquare test is used to find out how far the simulation data
deviate from the real system data. The Chi-Square test is
carried out with the same alpha level and produce Chi Square
count of 4.89 < Chi Square table of 42.55. Based on the three
statistical tests, it can be concluded that the initial simulation
model is representative for real system. Initial model
simulation results show that the waiting time on administrative
workstations and payments is on average of 5200.2 seconds
with 44-45 people queuing. Whereas the waiting time is on
average of 1958.7 seconds with a queue of 22 people. The
number of initial model outputs is 96 patients. The operator
with the highest idle is at the pharmacy workstation with a
value of 92.24% as seen in Figure 3.

process. The workload on the patient registration department
has increased from year to year and created long queues [33].
If the work capacity of operators is increased, the service
loss can decrease. This will reduce service inefficiency as well.
However, this condition can also increase the operational cost
arising from the addition of work capacity, i.e. recruitment
costs, salary of new workers, training and insurance cost.
TRIZ is used to solve that contradictory problem. From that
condition, the improving parameter used is service loss or
waste of energy caused by waiting time (TRIZ parameter no
22). As for the worsening parameter used is system
productivity that intend to cost per unit output (TRIZ
parameter no 39).
There are four inventive principles alternative obtained
from the TRIZ contradiction matrix based on the improving
and worsening parameters [28] i.e.
(1) Preliminary action (TRIZ inventive principle no 10).
(2) Mechanics substitution (TRIZ inventive principle no
28).
(3) Pneumatics and hydraulics (TRIZ inventive principle
no 29).
(4) Parameter changes (TRIZ inventive principle no 35).
The suitable inventive principle is pneumatics and
hydraulics that performed with transforming a rigid to flexible
organization [28]. In flexible organization, the company can
easily mobilize worker. In this case, the pharmacy
administration operator will work in administration and
payment workstation to reduce waiting times in the general
polyclinic process. This alternative solution is then referred to
scenario 1.
In scenario 1, Admin of pharm 1 become Admin 3. Scenario
1 can produce a reduction in waiting time on administrative
workstations and payments by 69% with the number of queues
reduced to 95%. This condition leads to increasing number of
patients served so that the utility of doctors in general
polyclinic increased by 1.23% with 76 people in line as seen
in Figure 4. This is due to the limited productivity of a doctor.

Figure 4. State Report of Scenario 1 Simulation Model
Currently, available doctor is insufficient to deal with the
growing potential demands. The Indonesian Government
needs to improve the country's healthcare capacity by
increasing the number of medical staff and distribute them
equally [34]. The number of doctors who died while on duty
during the covid 19 period, lead to increasing shortage of
doctors. This cannot be seen as an ideal situation because it
triggers the existing doctors to work more than their capacity.
If the doctor work capacity increased, then the Indonesiancommunity health center will be able to increase its service

Figure 3. State report of initial simulation model
While operator utilities on administration and payment
workstations are 80.02-80.41%, which means that the
workload experienced is quite high. Hence, it can be
concluded that the biggest waiting time is caused by the work
capacity of operators in the administration and payment
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performance but the doctor health worsens. So it can be
concluded that the improving parameter is service reliability
(TRIZ parameter no 27). However the worsening parameter is
force that associated with doctor stress (TRIZ parameter no
10).
The recommended inventive principles based on that
system parameters are local quality (TRIZ inventive principle
no 3), anti-weight (TRIZ inventive principle no 8), preliminary
action (TRIZ inventive principle no 10) and mechanics
substitution (TRIZ inventive principle no 28) [28]. The
potential inventive principle is anti-weight through
compensating the workload of doctor in general polyclinic by
combining him with other polyclinic doctors to provide
support. The Indonesian-community health center can use the
specialist doctor at gynecology polyclinic to help service at the

general polyclinic during busy times.
For this reason, scenario 2 model is developed by adding a
temporary doctor as a server. Scenario 2 model is developed
based on combining the initial model and scenario 1 model,
with the addition of a server (doctor). The final service model,
mobilize the people of pharmacies administration 1 to the
administration and payment workstation and adding a
temporary doctor, produce a queue reduction in general
polyclinic than the initial model. Several service performance
criteria are used to evaluate the alternative solution, i.e. output
results, operator idle percentages and waiting times [35].
Scenario model 2 decreased waiting time in general polyclinic
by 98% as seen in Table 1. By implementing scenario 2 model,
the process cycle efficiency of patient services in the
Indonesian community health center increases to 25%.

Table 1. Comparison of initial model, scenario 1 and scenario 2
Criteria
Adm of Pharm 1 Idle time (%)
Waiting Time in Administration and Payment (second)
Waiting Time in General Polyclinic (second)
Output (patient)

Initial Model
92.24
5200.2
1958.7
96

4. CONCLUSIONS
[2]

A healthcare service quality measurement is essential for its
continuous quality improvement. Measuring the current
service quality can help the healthcare service providers to
produce a better action plan. Based on the research that has
been conducted at the Indonesian community health center, the
critical waste identified is the waiting, i.e. the time when no
value-added activities take place. Initial simulation model is
used to evaluate this type waste. The simulation result shows
the inadequate work capacity of operators in the
administration and payment process and general polyclinic
doctor lead to waiting times and long queue. If this problem is
not solved, patient satisfaction will decrease. A healthcare
improvement action then being generated using TRIZ. This
action can perform a better result by reducing the waiting time
and number of queues in each unit.
This lean healthcare implementation framework can be used
in other case study with some adjustment. Adding other
healthcare service providers will create a better comparison
and a robust framework. Another lean tools for service waste
assessment can be applied, such as 5 Why, A3 and so on. Other
TRIZ tools can also be applied, i.e. substance-field model and
algorithm of inventive problem solving (ARIZ) [27]. In
addition, to get a more comprehensive evaluation of service
performance, other performance criteria can be used i.e. cost
reduction, improved patient satisfaction, improved employee
satisfaction and so on [35].
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NOMENCLATURE
N
t(α/2)
s
E
bi
Nw
r
B1
B2
C1

854

sample size
t table value
sample standard deviation
error tolerance
Borda value
Number of service waste
ranking of service waste i based on criterion k
Patient registration 1
Patient registration 2
Admin 1 input patient data into system

C2
D1
D2
E1
E2
F
G
H
I

Admin 2 input patient data into system
Patient payment process 1
Patient payment process 2
Admin 1 Submit the Doctor's examination queue
number to the patient
Admin 2 submit the Doctor's examination queue
number to the patient
Patient goes to general poly
Nurse evaluation process
Doctor checks patient
Doctor makes drug prescription

J
K
L1
L2
M1
M2

855

Patient goes to pharmacy
Patient submits the queue number for taking
medicine
Pharmacists 1 make medicine, mix, and prepare
medicine
Pharmacists 2 make medicine, mix, and prepare
medicine
Admin of Pharm 1 handing over the medicine, and
explaining the procedure for using the medicine
Admin of Pharm 2 handing over the medicine, and
explaining the procedure for using the medicine

