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Abstract: Lean Six Sigma offers a comprehensive roadmap,
toolsand techniquefor continuous business processimprovement.
Principally, Lean Six Sigma integrates Lean’s principle of
“value” and “speed” with Six Sigma’s “consistency” (i.e.
variation reduction) concept into the DMAIC (Design, Measure,
Analyze, Improve, Control) framework. The integration of Lean
and Six Sigma advances the pace of business process
improvement. Conceptually, Lean and Six Sigma must be applied
side by side from both management (i.e. soft practices) and
technical (i.e. hard practices) perspectives. However, empirical
research found that prior studieson Lean Six Sigma tendsto focus
on the study of integration from the soft perspective, such as
exploring and confirming the determinants for Lean Six Sigma
success as well as the application of Lean Six Sigma processes
within varies business environments. Thereislack of study on the
integration of Lean Six Sigma from hard perspective. Hence, the
concept of how Lean and Six Sigma tools could be integrated
remains ambiguous because there are no standard guideline that
available. As such, based on a Lean Six Sigma project(of
minimizing new studentsregistration cycle time)that conducted in
one of local private university as single case study, this paper
explores how Lean and Six Sigma tools could be integrated based
on Lean Six Sigma principle, with the focus on a Lean’s tool,
namely “Takt Time Analysis”. Finding from the study suggested
that Takt Time Analysis could be expanded from “Lean-based”
tools to as “Lean Six Sigma tool” by including process variation
and process capability as parameters for analysis. The finding as
well as the LSS based Takt Time Analysis methodology devel oped
in this study has descriptive value in terms of studying the
integration of Lean and Six Sigma tools that govern continuous
business process improvement via Lean Six Sigma.

Index Terms. Lean Six Sigma, Takt Time, Hard Practices, Soft
Practices

I. INTRODUCTION

Stiff competitive in marketplace compels business
organizations to continuously explore the best methodology
for business improvement. The traditional non-data driven
improvement methodology, such as identifying improvement
opportunity based on top management experiences is now
inadequate to accomplish the business needs for
improvement  [1].Instead, data driven improvement
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methodology such as Lean, Six Sigma and Lean Six Sigma
are in favored because these improvement methodologies
outline a systematic roadmap, analysis tools and technique
for continuous business process improvement based on real
data[2]. Assuch, business organizations could go beyond the
traditional incremental improvement approach, and aims for
radicalor break-through improvement.
II. LEANSIX SIGMA: ANINTEGRATION OR
SUMMATION?

A.Lean Principle

Holistically, Lean is an operation philosophy focuses on
maximizing value of operational processes[3].Within the
context of Lean, “Value” is viewed as the output of
operational processes that fulfilled customer expectations,
which subsequently driving customer satisfaction, promote
customer loyalty and sustain business growth[4]. Lean
principle categorizes operational processes into three
categories, Vaue-added, Non Vaue-added and Operational
Value-added processes [2]. An activity or process can be
described as adding value to customers only when the “value”
is recognized by the customers. While Non value-added
refersto activity that takestime and/or resourcesthat does not
contribute to meeting customer requirements. Meantime, an
activity can be “Operational” value-added if the activity is
required to sustain the workplace ability to perform customer
value-added activities, including requirements by contract or
other laws and regulation [5]. The implementation of Lean
involves the process of eiminating Non-vaue added
activities, optimizing Operationa value-added activities and
maximizing value added activities, with the ultimate aim to
speed up the process [5].

B. Six Sigma Principle

Six Sigma principle emphasizes on the consistency of
process output toward meeting customers’ expectation
[6].From Six Sigma perspective, the consistency of a process
could be assessed via the index that comparing process
specification range versus process variation, or namely
process capability index. Process specification is derived
from customers’ expectation or customer requirement, hence,
the prime focus of Six Sigma principle isto minimize process
output’s variation. A six sigma process refers to a process
with process capability index or Cpk that more than 1.5 [5].

The principle of Six Sigma is adopted in operational
environment via two common data driven improvement
frameworks, DMAIC (Design, Measure, Analyze, Improve,
Control) or DMADV (Design, Measure, Analyze, Design,
Verify) methodologies[7]. DMAIC is commonly applied for
improvement of process or product that already exist, while
DMADV is applicable for break-through improvement
through the development of
new product or process [7].
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C. “Lean Six Sigma” or “Lean + Six Sigma”

The concept of blending Lean and Six Sigma principles
began in late 90s [6]. Lean Six Sigma combines the lean
principles of “value” and “speed” with the “consistency”
Concept of Six Sigma into the DMAIC framework.
Theoretically, the combination of Lean and Six Sigma
promotes the fastest rate of improvement in customer
satisfaction, process speed, cost, quality and invested capital
[8].

Conceptually, Lean and Six Sigmamust be applied side by
side from both management (i.e. soft) and technical (i.e. hard)
perspective, not as independent improvement or “first one
then the other” approaches. Empirical research found that
prior studies [1],[2],[3]on Lean Six Sigma tends to focus on
the study of integration from the soft perspective, such as
exploring and confirming the determinants for Lean Six
Sigma success as well as the application of Lean Six Sigma
processes within varies business entities, such as Supply
Chain  Management, Services and Research and
Development [9]. There is lack of study on the integration
from the hard perspective. Hence, the concept of how Lean
and Six Sigma tools could be integrated remains ambiguous
because there are no standard guideline that available.

Lean tools identified waste and eliminate non-value-added
steps to approach six sigma quality much faster, while Six
sigma tools recognizes the impact of variation and aims to
bring the process under control [9], [10]. However, Lean Six
Sigma tools are commonly viewed by prior studies as two
independent sets of tools served for different purpose, onefor
Lean, the other for Six Sigmaas shown in Fig. 1.

Hence, this paper advances the discussion in Lean Six
Sigma by views Lean Six Sigma tools into three categories.
On top of the traditional Lean tools and Six Sigma tools
categories, the paper explore the potential integration of Lean
and Six Sigmatoolsto form the third category, namely Lean
Six Sigmatools asillustrated in Fig. 2

As such, based on a Lean Six Sigma project (of
minimizing new students registration cycle time) that
conducted in one of local private university as single case
study, this paper explores how Lean and Six Sigma tools
could be integrated based on Lean Six Sigma principle, with
the focuson aLean’s tool, namely “Takt Time Analysis”.

Lean Six Sigma Tools

l l

+ Six Sigma Tools: + Lean Tools:
- DMAIC philosophy - Value Stream Mapping (VSM)
- Voice of the Customer (VOC) - Takt time analysis (TTA)
- Measurement System Analysis (MSA) - Pull system (PS)
- Cause and Effect Analysis (CEA) - Setup and queue reduction (SQR)
- Failure Modes Effect Analysis (FMEA) - Kaizen Approach
- Sources of Variation Study (SVS) - 5 Organization
- Hypothesis Testing (HP) - Visual process control (VPC)
- Design of Experiment (DOE) - Mistake proofing (POKA YOKE)
- Statistical Process Control (SPC) - Gemba
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Fig. 1 Essential Lean and Six Sigma Tool

Lean Six Sigma Tools

Six Sigma Tools: Lean Tools:

voC Pull system
DMAIC
MSA SQR
VSM Kai

CEA Takt time aizen

FMEA SpC 55

SVS VPC
Hypo Test POKA YOKE

DOE Gemba

Fig. 2 New Perspective of Lean Six Sigma Tools
Categorization

1. CASESTUDY

A. Background and Objective

Registration of new students is one of the most important
process especialy for private institutions. An efficient new
students’ registration process not only minimized the
resources that required to support the registration process, but
aso left a good impression to the new students on the
university’s professionalism. Hence, the case study used in
this paper is a Lean Six Sigma project in one of the private
ingtitutions in Malaysia to address students’ feedback or
Voice of Customer (VOC) in regard with the unsatisfactory
of the lengthy new students’ registration process.

B. Define Phase: Critical to Quality

The VOC data was subsequently organized and verified
versus customer needs to establish the Critical Customer
Requirements (CCR).

The current new students’ registration process took
approximately 2 and ahalf hour (150 minites) whiles students
expected it should be completed within one and the half hour.
As such the objective of the Lean Six Sigma project is to
students’ registration time by 50%, with the targeted Critical
to Quality (CTQ) of maximum 75 minutes or 1 hour 15
minutes from the point students submitted their registration
documentation until students completed hostel registration.

C. Define Phase: Process Mapping

The detail of new students’ registration process was
developed via a series of Lean Six Sigma process mapping
tools, which are SIPOC (Supplier, Input, Process, Output,
Customer) diagram, Top-down chart and Functional
Deployment Process Map. SIPOC was used to scope the
project, Top-down chart details the higher level view of
process, while Functional Deployment Process Map defines
the departmental boundaries of the process.

Five processes were identified from the process mapping
as the main steps for the current new students’ registration
process, which are:
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Process 1: Documents compilation and submission
Process 2: Main (Faculty/Academic) registration
Process 3: Registration and hostel fee payments
Process 4: Application of student pass

Process 5: Hostel registration

D. Measure Phase

The relationship between the project objective, or namely
the output indicator of the Lean Six Sigma project (i.e. New
students’ registration cycle time) with the five processes
identified from process mapping need to be established in
order to identify and develop the process improvement plan
[11].

As such, five indicators were devel oped(i.e. time taken for
each process) for the five main processesidentified in process
mapping. Indicators for the five main processes represent the
specific measuresthat evaluate the degree to which theinputs
to aprocess (i.e. input indicator) as well as the effectiveness,
efficiencies and quality of the processes (i.e. process
indicators) affect the output indicator [12].

In conjunction with this, the cycle time for “Documents
compilation and submission” process was labelled as input
indicator, while cycle time for the rest for the four processes
were defined as process indicators as shown in Fig. 3.

PROCESS OUTPUT

INPUTINDICATORS | mp INDICATORS - INDICATORS
’,' """""" N, AT N ST ~
{ v Time taken tofillin Y { ¥ Time taken for 41 ¥ New Students \
| registration 11 main registration : | Registration cycle |
: documents. ” v Time taken for :I time :
: : : making payment : :
| 11 Y Time taken for H I
| I} StudentPass H :
! 1 Time taken for ! !
| | hostel :i !
A W A .

Fig. 31PO (Input-Process-Output) Indicators

Subsequently, a measurement plan for the 5 indicators was
developed, and 30 data of cycle times (in minutes) were
collected for each indicators. The mean measure of all
indicators are summarized in Table 1. The targeted Critical to
Quality (CTQ) for the Lean Six Sigma process is maximum
75 minutes. Due to there were 5 main processed involved in
the new students registration process, hence, the CTQ for
each processis 75/5 = 15 minutes.

Table. 1 Measurement result

. Mean Cycle
No- jInd cator time (Minutes)
Timetakento fill-inregistration
1 5.6
documents
2 |Timetakenfor manregistration 194
3 | Time taken for making payment 234
4 |Time taken for Student Pass 8.7
5 |Timetakenfor hostel registration 16.8
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Asrefersto Table 1, mean cycle time for two of processes
(i.e. Time taken to fill-in registration documents and Time
taken for student pass) are below the targeted process CTQ of
15 minutes, while cycle time for the other processes are
above targeted process CTQ.

E. Analysis Phase: Process Capability

Process capability refers to the capability of a process to
maintain process variability within a specified allowable
tolerance width [12]. For the case study of the LSS project,
thetolerance rangeisderived from the process CTQ, whichis
maximum 15 minutes. Process capability for the 5 processes
were analyzed viaMinitab. An example of capability analysis
output for process 3 (Registration and hostel fee payment) is
shown in Fig 4. The result of analysis shown that Cpk for
process 3is-0.28.

CAPABILITY SIXPACK FOR STUDENT MAKE PAYMENT
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Fig. 4 Process Capability for Process 3

F. Conventional Takt Time Chart

Takt Rate refers to the amount of product or service
required by customers over a continuous period of time,
which is stated in units per time, while Takt Time refer to the
inverse of takt rate when describing the output of a given
step, which is stated in time per unit [10]. For the case under
study, the Takt Time for the Lean Six Sigma project is
maximum 15 minutes. Processes should be timed to produce
at the takt time, any process that higher than takt time will be
disappointing customers, while process that lower than takt
time will be producing output that exceed customer demand.
Takt time chart is used as depiction way to illustrate where
and time consumed in all processesversustargeted Takt time,
which iseasier to compare steps to each other but not visually
emphasize wasted time as strongly as a time value map.
Conventional Takt time chart for the Lean Six Sigma project
under study isshownin Fig. 5.
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Takt Time Chart (Conventional)

I Takt Time (15 min)

Documents sub Main Paymint Student Pass

tirme {minutes)

Cycle

Fig. 5 Conventional Takt Time Chart

The conventional Takt time chart of Fig. 5 purely assesses
mean process cycle time without takes into consideration the
variation and process capability of each process. Bases on
Fig. 5, three processes (i.e. Main registration; Payment and
Hostel registration) were identified as over project takt time,
or failed to meet customer expectation. While two processes
(Fill-in documents and Student Pass application) were found
below project Takt time which reflects processes are
overdesigned or overstaffed.

Bases on the conventional Takt time chart, improvement
opportunities identified by the project team were:

1. To combine “Fill-in documents” and “Student Pass”
processes.

2. To reduce or eiminate Non value-added time,
minimize Operational value-added time and optimize
Vaue-added for Main registration; Payment and Hostel
registration processes.

G. Integrated Takt Time Chart

Lean Six Sigma principle focuses on maximizing
customers’ value-added processes and minimizing processes’
variation [2].However, the conventional Takt Time Chart
focuses on analyzing mean processes’ cycle time versus takt
time without assessing the variation of cycle times. Hence,
the conventional approach of takt time analysis does not
accomplish the principle of Lean Six Sigma and
fundamentally it is Lean based tool rather than Lean Six
Sigmatools.

As such, the conventional Takt Time Chart need to be
expanded to integrate both Lean and Six Sigma principle.
Hence, on top of analyzing mean processes cycle times,
process variation should aso be incorporated into the
analysisto form a Lean and Six Sigma integrated Takt Time
Chart. The chart is developed by adding the variation of
process cycle time to the conventional Takt Time Chart. The
variation is representing by the maximum and minimum
cycle time for each process as summarizesin Table 2. Which
isillustrated by asmaller bar in Fig. 6.
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Table. 2 Process Mean, Minimum and Maximum Cycle

time
Cycle Time (Minutes)
Indicator Mean Min Max Cpk
Fill-in documents 5.9 45 9.0 0.32
Main registration 21.4 12.0 25.0 -0.33
Payment 234 16.0 28.0 -0.28
Student Pass 10.7 8.4 16.1 0.55
Hostel 16.2 12.0 18.0 -0.47
Takt Time Chart (Integrated)

-sz Takt Time (15 min) ?

I I 7 B B

E 7

u s

-E 10

5

0

Fig. 6 Integrated Takt Time Chart

The interesting finding from Fig. 6 is “Application of
student pass process” which was viewed as “overstaffed
process” (i.e. cycle time below Takt Time) by conventional
Takt Time Chart, however it is suggested by the Integrated
Takt Time Chart as process that failed to meet customer
expectation (i.e. cycle time above Takt Time) when process
variation is integrated into analysis (i.e. the maximum cycle
time (16.1 minutes) is higher than Takt time).In addition,
from Table 2, process capability (Cpk) for “Fill in
documents” and “Student Pass” processes are 0.32 and 0.55
respectively, which islower than the targeted Six Sigmalevel
of 1.5. As such the proposed action for both process is to
improve Cpk for both processesto 1.5 prior to combination.

In addition, main registration and hostel registration were
regarded as process that disappointing customers (process
cycletime higher than Takt Time) in conventiona Takt Time
Chart. However, outcome from Integrated Takt Time Chart
suggested that out of 30 customers under study, both
processes are able to fulfill the targeted Takt Time of 15
minutes for “certain” customers but not all due to variation.
Assuch, the proposed action for both processesisto study the
source of variation, i.e. the difference between the max and
min cycle time. Theoretically, source of variation could be
narrowed down to temporal variation (i.e. variation over time
such as morning and afternoon), man to man variation
(variation among operators) or variation on method used.
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Table 3 summarizes the comparison of improvement
actions proposed by both conventional and integrated Takt
Time Chat (TTC). Apparently, the improvement
opportunities spotted from the Integrated Takt Time Chart
are different from the Conventional Takt Time Chart,
whereby the actions identified from integrated approach
tends to address the improvement opportunities from Lean
Six Sigma approach.

Table. 3 Comparison between Conventional and
Integrated Takt Time Chart (TTC)

No |Process Action from Action from Integrated
Conventional TTC TTC
1 [Documents |Combineswith process4 |Improve Cpkto> 1.5
submission before combine with
process 4
2 [Man Reduce/eliminates NVA  [Study Source of Variation
registration |time, minimize OVA time |prior to vaue andysis and

and optimize VA time. Cpk improvement

3 |Feepayment [Reduce/eliminates NVA  |Reduce/eliminates NVA
time, minimize OVA time [time, minimize OVA time
and optimize VA time. and optimize VA time.

4 [Student pass |Combineswithprocess1 (Improve Cpkto>1.5
before combine with

process 1

5 [Hostel
registration

Reduce/eliminates NVA  [Study Source of Variaion
time, minimize OVA time |prior to value andysis and
and optimize VA time. Cpk improvement

V. CONCLUSION

This paper explores how Lean and Six Sigma tools could
be integrated based on Lean Six Sigma principle, with the
focus on a Lean’s tool, namely “Takt Time Analysis”.
Finding from the study suggested that Takt Time Analysis
could be expanded from “Lean-based” tools to as “Lean Six
Sigma tool” by including process variation and process
capability as parameters for analysis. The finding as well as
the LSS based Takt Time Analysis methodology developed
in this study has descriptive value in terms of studying the
integration of Lean and Six Sigma tools that govern
continuous business process improvement via Lean Six
Sigma.
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