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1. Introduction

The widespread acceptance of Six Sigma as a systematic program of process control,
planning, and improvement has led to the creation of many databases describing the
performance of individual projects, timing, and the techniques used. These databases
provide resources for the analysis of quality management practices. Specifically, there are
three levels at which analysis can occur in this context:

Micro level - lowest level dealing with individual tools and statistical methods

Meso level - mid level dealing with groups of individual tools and supervisor level

decision-making about method selection and timing

Macro level - highest level dealing with organization and institutions and related to

overall quality programs and stock performance
Reviewing the literature reveals a large portion concerning macro-level decision-making,
particularly the decision whether to implement a Six Sigma program at a company, e.g., Yu
and Popplewell (1994), Yacout and Hall (1997), Bisgaard and Freiesleben (2000), Yacout and
Gautreau (2000), and Chan and Spedding (2001). Most of this research is based on
individual case studies and anecdotal evidence. A second large grouping of studies deals
with the micro-level, investigating component tools and techniques for green and black belts
(Hoerl 2001a). Little work is published that relates to the meso-level of mid-level managing
and operational decision-making (Linderman, Schroeder, Zaheer, and Choo 2003). The uses
of these databases for these types of investigation are likely being ignored at most
companies for at least two reasons. First, there has traditionally been little assistance from
academics in how to make sense of them. Second, the people with the most statistical
expertise are involved in the individual projects and not in cross project evaluation. Most
managers are not statisticians and need help in making sense of the data now available to
them. The growing database of project related quality improvement activities could be
useful in the empirical study of some important meso-level research and real-world
questions, including determining the health of a given company’s quality system, modeling
Six Sigma, optimizing the selection and ordering of component methods.
According to Juran and Gryna (1980) the activities that assure quality in companies can be
grouped into three processes: quality planning, quality control and quality improvement.
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Policies, standard practices, and philosophy make up the quality planning of a system. A
good quality system is proactive not reactive. Quality improvement consists of the
systematic and proactive pursuit of improvement opportunities in production processes to
increase the quality levels. Typically, quality improvement activities are conducted in
projects. This proactive and project-based nature distinguishes improvement from quality
control, which is an on-line process that is reactive in nature. In Harry (1994) all things are a
process. A central belief of Six Sigma is that the product is a function of the design and the
manufacturing process which must produce it.

With Juran and Harry in mind, Six Sigma can be viewed as a process and subject to the same
controls and improvement objectives of other processes. Determining what methods to use,
when to transition to different phases of the project, and under what circumstances to
terminate a project could conceivably make the difference between a healthy and profitable
program and a failed one. Against this background, the purpose of this study was to look at
this growing database in a way that could help management better run improvement
projects.

2. Methods

The use of the many databases of project related quality improvement activities could be
useful in the empirical study of some important research questions. As stated earlier,
potential research topics include: the health of a given company’s quality system, modeling
Six Sigma, or the optimality of selection and ordering component methods associated with
Six Sigma. Researchers focus on what they have data and tools for. Martin (1982) pointed
out that the availability of certain types of data might disproportionately influence the
problems investigated and the conclusions drawn. Now, new data sources and the
associated ability to ask and answer new types of questions are more readily available. For
example, “Is my quality system out-of-control?” “Which method would lead to greatest
expected profits in my case?” “Under what circumstances does it make business sense to
terminate a project?” If these kinds of questions can be systematically explored in the Six
Sigma discourse, then important lessons can be learned regarding investment decisions.
This paper discusses two analysis methods designed for meso-level analysis: exponentially
weighted moving average (EWMA) statistical process control (SPC) and regression. Since its
introduction by Shewhart in the 1930s, the control chart has been one of the primary
techniques of Statistical Process Control (Shewhart 1931). Considering how important
individual projects can be and that they require months or even years, the logical subgroup
size is n = 1 project. With only one measurement per subgroup (a project), a subgroup range
can not be calculated. The data is comprised of a small number of non-normal observations.
The exponentially weighted moving-average (EWMA) control chart is typically used with
individual observations Montgomery (2004). The exponentially weighted moving average is
defined as:

The constant A takes on the values 0 < A < 1. The process target value or the average of the
preliminary data can be used as the starting value so that

Zy = ty @)
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or

Zy=x (3)
The EWMA control chart has the following control limits and center line and is constructed
by plotting Z; versus the sample number, i :

A 2i
UCL=y0+La\/(2_i)[1—(1—l) } @)
CL = 1y )

A 2i
LCL = 4, —La\/m[1—(1—,1) ] (6)

According to Montgomery (1997) values of A in the interval 0.05 <\ <0.25 work well, with A
= 0.05, A = 0.10, and A = 0.25 being popular. L values between 2.6 and 3.0 also work
reasonably well. Hunter (1989) has suggested values of A = 0.40 and L = 3.054 to match as
closely as possible the performance of a standard Shewhart control chart with Western
Electric rules (Hunter 1989).

Regression is another tool that may be employed to model and predict a Six Sigma program.
The familiar regression equation is represented by equation 7 below:

yest(ﬁesbx) = f(X) 'ﬁest @)

where f(x) is a vector of functions only of the system inputs, x. Much of the literature on Six
Sigma implementation converges on factors such as the importance of management
commitment, employee involvement, teamwork, training and customer expectation. A
number of research papers have been published suggesting key Six Sigma elements and
ways to improve the management of the total quality of the product, process, corporate and
customer supplier chain. Most of the available literature considers different factors as an
independent entity affecting the Six Sigma environment. But the extent to which one factor
is present may affect the other factor. The estimation of the net effect of these interacting
factors is assumed to be partly responsible for the success of the Six Sigma philosophy.
Quantification of Six Sigma factors and their interdependencies will lead to estimating the
net effect of the Six Sigma environment. The authors are not aware of any publication in this
direction.

3. Data base example: midwest manufacturer

The company used for study is a U.S. based Midwestern manufacturing company which
manufactures components for the aerospace, industrial, and defense industries. It has
approximately 1,000 employees, annual sales of $170 million, with six factories located in
five states. The data is all derived from one of its six manufacturing sites. This site has 250
employees with sales of $40 million. Quality improvement and cost reduction are
important competitive strategies for this company. The ability to predict project savings
and how best to manage project activities would be advantages to future competitiveness
of the company.
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Field

Description

Expected savings

An estimate of the projects saving over an 18 month period
based on the current business forecast.

Expected time

An estimate made at the start of a project as to the time needed
to complete the project

s-short less than 3 months

m-medium between 3 and 9 months

I- long over 9 months

M/I management or
self initiated

Whether the project was initiated by management or initiated by
team members

Assigned or
participative

Whether the project was assigned to a team by management or
the members actively chose to participate

# people

Number of team members

EC Economic analysis

A formal economic analysis was preformed with the aid of
accounting to identify cost and cost brake allocations

CH Charter Formally define project scope, define goals and obtain
management support

PM Process Mapping | Identify the major process steps, process inputs, outputs, end
and intermediate customers and requirements; compare the
process you think exists to the process that is actually in place

CE Cause & Effect Fishbone diagram to identify, explore and display possible
causes related to a problem

GR Gage R&R Gage repeatability and reproducibility study

DOE A multifactor Screening or optimization design of experiment

spPC Any statistical process control charting and analysis

DC Documentation

Formally documenting the new process and or setting and/or
implementing a defined control plan

EA Engineering Deriving conclusions based solely on calculations or expert
analysis opinion

OF one factor A one factor at a time experiment

experiment

Time Actual time the project took to completion

Profit A current estimate of the net profit over the next 18 months after

implementation based on the actual project cost and actual
savings

Actual Savings

A current estimate of the savings over the next 18 months after
implementation based on the new operating process and current
business forecast

Cost The actual cost as tracked by the accounting system based on
hours charged to the project, material and tooling, equipment
Formal Methods A composite factor, if multiple formal methods were used in a

project this was positive

Table 1. Definition of Variables
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Over the course of this study data was collected on 20 variables and two derived
variables: Profit (Actual Savings minus cost), and a Boolean variable, Formal Methods
(FM) which is “true” if any combination of Charter, Process Mapping, Cause & Effect,
Gauge R&R, DOE, or SPC is used and false otherwise (see Table 1). Thirty-nine
improvement projects were included in this study, which generated a total of $4,385,099
in net savings (profit).

Data was collected on each project by direct observation and interviews with team members
to determine the use of a variable such as DOE or Team Forming. No attempt was made to
measure the degree of use or the successfulness of the use of any variable. We only were
interested if the variable activity took place during the project. A count was maintained if an
activity was used multiple times such as multiple DOE runs (i.e. a screening DOE and an
optimization DOE would be recorded as 2 under the variable heading).

Expected Savings and Actual Savings are based on an 18 month period after
implementation. The products and processes change fairly rapidly in this industry and it is
standard company policy to only look at an 18 month horizon to evaluate projects, based on
a monthly production forecast. Costs were tracked with existing company accounting
procedures. All projects were assigned a work order for the charging of direct and non-
direct time spent on a specific improvement activity. Direct and non-direct labor was
charged at the average loaded rate. All direct materials and out side fees (example,
laboratory analysis) were charged to the same work order to capture total cost.

One of the main principles of Six Sigma is the emphasis placed on the attention to the
bottom line (Harry 2000 and Montgomery 2001). In the literature reviewed, bottom line
focus was mentioned by 24% of relevant articles as a critical success factor. Profit, therefore,
is used as the dependant variable, with the other 18 variables constituting the dependant
variables.

3.1 EWMA

A common first step in deriving the process control chart is to check the assumption of
normality. Figure 1 is a normal probability plot of the profits from the projects. The obvious
conclusion is that project 5 is an outlier. There is also a possible indication that the other data
divide into two populations.

Next, we constructed an EWMA chart of the profit data. We start with plotting the first 25
points to obtain the control limits as shown in Figure 2. One out of limit point was found
and discarded after the derivation of this chart, which was the same project as the outlier on
the normal probability plot (number 5). This was the sole DFSS project (Design for Six
Sigma) in the data base. The others were process improvement projects without design
control. A second graph was developed without the DFSS project point to obtain the chart
shown in Figure 3. These charts were constructed based on Hunter (1989) with A = 0.40 and
L =3.054.

Of special interest are the last seven projects. These projects took place after a significant
Six Sigma training program. This provides strong statistical evidence that the training
improved the bottom line of subsequent projects. Such information definitely supports
decisions to invest in training of other divisions. Similar studies with this same technique
could be used to verify whether training contributed to a fundamental change in the
process.
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Fig. 2. EWMA Control Chart for first 25 Six Sigma Projects{XE “ system”}.
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Fig. 3. EWMA Control Chart for Six Sigma Projects {XE “ system”}.

3.2 Regression

Many hypotheses can be investigated using regression. Somewhat arbitrarily, we focus on
two types of questions. First, we investigate the appropriateness of applying any type of
method as function of the expected savings. Therefore, regressors include the expected
savings, the total number of formal methods (FM) applied, and whether engineering
analysis (EA) was used. Second, we investigate the effects of training and how projects were
selected. In fitting all models, project 5 caused outliers on the residual plots. Therefore, all
models in this section are based on fits with that (DFSS) project removed.

The following model resulted in an R-squared adjusted equal to 0.88:

Profit ($) = — 22,598.50 + 1.06 Expected Savings +
2,428.13'FM + 5,955.72°EA + 0.05"Expected Savings'FM 8)
— 0.37"Expected Savings'EA

Fig. 4. is based on predictions from equation (8). It provides quantitative evidence for the
common sense realization that applying many methods when engineers do not predict
much savings is a losing proposition.

The model and predictions can be used to set limits on how many methods can be applied
for a project with a certain expected savings. For example, unless the project is expected to
save $50,000, it likely makes little sense to apply multiple formal methods. Also, the model
suggests that relying heavily on engineering analysis for large projects is likely a poor
choice. If the expected saving is higher than $100,000 it is likely not advisable to rely solely
on engineering analysis.
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Fig. 5. Main Effects Plot of Predictions of the Simple Regression Model{XE “ system”}.

A second regression model was created using the indicator variables: /= 0 if the project was
not influenced by training and /= 1 otherwise and | = 1 if the project was management
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initiate and | = 0 otherwise. This model is represented by equation 9, and shows a positive
correlation between both independent variables non-management initiated and training
with profit:

Profit = 13510 + 38856 I + 19566 | )

This model has an adjusted R-squared of only 0.15 presumably because most of the
variation was explained by the variables in equation 8. Note that multicollinearity prevents
fitting a single model accurately with the regressors in both equations. The predictions for
the model in equation (9) are shown in Figure 5.

4. Discussion

The ability to estimate potential effects of changes on the profitability of projects is valuable

information for policymakers in the decision-making process. This study demonstrated that

utilizing existing data analysis tools to this new management data source provides useful
knowledge that could be applied to help guide in project management. Findings included:

e Design for Sigma Projects (DFSS) can be significantly more profitable than process
improvement projects. Therefore, permitting design control can be advisable. In our
study, probability plotting, EWMA charting, and regression all established this result
independently.

e Training can significantly improve project performance and its improvement can be
observed using EWMA charts.

e Regression can create data-driven standards establishing criteria for how many
methods should be applied as a function of the expected savings.

Also, in our study we compared results of various sized projects and the use of formal tools.
We found that determining the estimate of the economical value to be important to guide
the degree of use of formal tools. Based on the results of this study, when predicted impact
is small, a rapid implementation based on engineering analysis is best. As projects’
predicted impact expands, formal methods can play a larger role.
The simple model also tends to show a strong benefit to training. This model has good
variance inflation factors (VIF) values and supports the findings from the SPC findings. Of
interest is the negative correlation on management initiation of projects. In this regard, there
is still ambiguity in the results. For example, it is not known if people worked harder on
projects they initiated or if they picked more promising projects.
The research also suggests several topics for future research. Replication of the value of the
methods in the context of other companies and industries could be valuable and lead to
different conclusions for different databases. Many other methods could be relevant for
meso-analysis and the effects of sites and the nature of the industry can be investigated.
Many companies have a portfolio of business units and tailoring how six sigma is applied
could be of important interest. In addition, the relationship between meso-analysis and
organizational “resilience” could be studied. These concepts are related in part because
through applying techniques such as control charting, organization might avoid over-
control while reacting promptly and appropriately to large unexpected events, i.e., be more
resilient. Finally, it is hypothetically possible that expert systems could be developed for
data-driven prescription of specific methods for specific types of problems. Such systems
could aid in training and helping organizations develop and maintain a method oriented
competitive advantage.
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6. Appendix

This appendix contains the data from the 39 case studies shown in Table 2.

Project | Exp. Savings |Exp. Time| M/l | A/P | #people | EC | CH | TF | PM | CE | GR
1 $35000 L M A 7 0 1 1 2 1 0
2 $70000 L M A 1 1 1 0 0 0 0
3 $81315 M M A 2 1 1 1 1 0 0
4 $40000 M M A 1 0 0 0 1 0 0
5 $250000 L I P 6 1 1 1 0 2 2
6 $150000 L M P 4 0 1 1 1 0 0
7 $125000 L I P 3 0 1 1 0 0 1
8 $2200000 L M P 9 0 1 0 0 3 0
9 $50000 M M P 5 1 1 1 1 1 1

10 $39195 M M P 1 1 1 0 0 0 0
11 $34500 L M A 1 1 0 0 1 1 1
12 $21000 L M A 1 0 1 0 0 0 0
13 $25000 M M A 1 0 0 0 1 0 0
14 $20000 M M A 1 0 0 0 1 0 0
15 $10000 M M A 1 0 1 0 0 0 0
16 $20000 S M A 1 0 0 0 0 0 0
17 $28000 M I P 1 0 0 0 1 0 0
18 $20000 S M P 5 0 1 1 0 2 0
19 $20000 S M P 1 0 0 0 1 0 0
20 $4350 S M A 1 0 1 0 1 0 0
21 $13750 S M A 1 0 1 0 1 0 0
22 $8500 S M A 1 0 1 0 1 0 0
23 $1600 S M A 1 1 0 0 0 0 0
24 $12500 S M A 1 0 1 0 1 0 0
25 $4000 S M A 1 0 0 0 0 0 0
26 $13000 S M A 1 0 0 0 0 0 0
27 $15000 L I P 1 1 1 0 0 0 0
28 $6000 M I P 1 1 1 0 1 0 0
29 $11500 M I P 2 0 1 1 1 0 0
30 $4500 M I P 1 1 1 0 1 0 0
31 $11000 S M P 5 0 1 1 0 1 0
32 $5400 S M P 5 0 1 1 1 1 0
33 $150000 S I P 4 0 1 0 1 1 1
34 $8600 S I P 2 1 1 0 0 0 0
35 $90000 M M A 5 1 1 1 1 1 1
36 $30000 M M P 7 1 1 1 0 1 0
37 $45000 S M A 3 0 1 0 0 0 1
38 $240000 S I P 3 1 0 0 0 0 0
39 $50000 S I P 4 1 1 0 1 0 0

Table 2. (Continued).
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Project | DOE | SPC | DC | FT | EA | OF | Time Cost Act Savings Profit

1 0 0 1 2 0 1 13 $48700 $36000 $-12700
2 1 0 0 1 1 1 18 $7590 $0 $-7590
3 0 0 1 1 1 0 25 $35300 $31500 $-3800
4 0 0 0 0 1 0 20 $2900 $0 $-2900
5 2 0 1 7 0 1 16 $325500 $4E+06 $3874500
6 0 0 1 1 1 0 9 $76000 $170000 $94000
7 1 0 0 2 1 0 7 $17725 $130500 $112775
8 4 0 0 7 4 0 30 $220000 $0 $-220000
9 2 2 1 7 2 1 5.5 $31125 $97800 $66675
10 0 0 1 1 1 1 14 $12350 $19575 $7225
11 0 0 1 3 2 0 18 $22800 $13500 $-9300
12 0 0 0 0 1 0 18 $2600 $0 $-2600
13 0 0 0 0 1 0 18 $2000 $0 $-2000
14 0 0 0 0 1 0 20 $7500 $21740 $14240
15 0 0 1 1 1 1 8 $30800 $17200 $-13600
16 0 0 0 0 1 0 9 $2000 $0 $-2000
17 0 0 2 2 1 0 4 $12000 $7000 $-5000
18 2 1 1 6 0 0 1.5 $5300 $23220 $17920
19 0 0 1 1 1 0 3 $1900 $8050 $6150
20 0 0 1 1 0 0 3 $1000 $4025 $3025
21 0 0 1 1 0 0 3 $1000 $4025 $3025
22 0 0 1 1 0 0 3 $1000 $4025 $3025
23 0 0 1 1 1 1 3 $3525 $3125 $-400
24 0 0 1 1 0 0 3 $3000 $8400 $5400
25 0 0 0 0 1 0 18 $1900 $0 $-1900
26 0 0 0 0 1 0 8 $1900 $0 $-1900
27 1 0 1 2 1 0 19 $12125 $14985 $2860
28 0 0 1 1 1 0 2.5 $1700 $6500 $4800
29 0 1 0 1 1 1 8 $12880 $11700 $-1180
30 0 0 1 1 1 0 4.5 $3060 $6300 $3240
31 1 2 1 5 0 0 3 $4250 $10900 $6650
32 0 1 1 3 0 0 1.5 $2400 $5375 $2975
33 2 0 1 5 1 0 6 $38900 $165440 $126540
34 0 0 1 1 1 0 1 $1500 $10750 $9250
35 1 1 1 5 1 0 3 $12640 $66100 $53460
36 0 0 1 2 1 1 10 $18780 $34056 $15276
37 1 0 1 3 1 1 13 $38584 $46300 $7716
38 0 1 1 2 1 0 12 $15690 $236280 $220590
39 0 0 1 1 0 0 1.5 $1275 $11927 $10652

Table 2. Data From 39 Case Studies with Expected Times Being Short (S), Medium (M), or

Long (L), Management (M) or Individual (I) Initated, Assigned (A) or Participative (P) Team
Selection, and The Numbers of Methods Applied Including Economic Analyses (EC),
Charter (CH) Creations, Total Formal (TF) Design of Experiments or Statistical Process
Control Methods, Process Mapping (PM), Cause & Effect (CE), and Gauge Repeatability and
Reproducibility (GR) Analysis.

7. References

Bisgaard S. and Freiesleben ]., Quality Quandaries: Economics of Six Sigma Program,
Quality Engineering, 13 (2), pp. 325-331, 2000.

www.intechopen.com



90 Six Sigma Projects and Personal Experiences

Chan K.K., and Spedding T.A., On-line Optimization of Quality in a Manufacturing System,
International Journal of Production Research, 39 (6): pp. 1127-1145. 2001.

Gautreau N., Yacout S., and Hall R., Simulation of Partially Observed Markov Decision
Process and Dynamic Quality Improvement, Computers & Industrial Engineering,
32 (4): pp. 691-700, 1997.

Harry M.J. A new definition aims to connect quality with financial performance, Quality
Progress, 33 (1) pp. 64-66, 2001.

Harry, M. ]., The Vision of Six Sigma: A Roadmap for Breakthrough, 1994 (Sigma Publishing

Company: Phoenix).

Hoerl R. W., Six Sigma Black Belts: What Do They Need to Know? Journal of Quality
Technology, 33 (4): PP. 391-406, 2001a.

Hunter J.S., A one Point Plot Equivalent to the Shewhart Chart with Western Electric Rules,

Quality Engineering, Vol. 2, 1989.

Juran, J. M. and Gryna F., Quality Planning and Analysis, New York: McGraw-Hill, 1980.

Linderman K., Schroeder R.G., Zaheer S. and Choo A.S., Six Sigma: A goal-theoretic
perspective, Journal of Operations Management, 21, (2), pp. 193-203, 2003.

Martin J. A garbage model of the research process, In J. E. McGrath (Ed)., Judgment calls in
research, Beverly Hills, CA: Sage, 1982.

Montgomery D., Editorial, Beyond Six Sigma, Quality and Reliability Engineering
International, 17(4): iii-iv, 2000.

Montgomery D.C., Introduction to Statistical Quality Control, 2004 (John Wiley & Sons, Inc.
New York).

Shewhart W.A. Economic Control of Manufactured Product, New York: D. Van Nostrand,
Inc., 1931.

Yacout S., and Gautreau N., A Partially Observable Simulation Model for Quality
Assurance Policies, International Journal of Production Research, Vol. 38, No. 2,
pp. 253-267, 2000.

Yu B. and Popplewell K., Metamodel in Manufacturing: a Review, International Journal of
Production Research, 32: pp. 787-796, 1994.

www.intechopen.com



Six Sigma Projects and Personal Experiences
L Lo —" Edited by Prof. Abdurrahman Coskun

DEFINE ANALYSIS

conrroy l...l"a\-ir.:—.-n.a.‘f..n ISBN 978-953-307-370-5
/ \-. Hard cover, 184 pages
' ' Publisher InTech
Published online 14, July, 2011
Published in print edition July, 2011

In the new millennium the increasing expectation of customers and products complexity has forced companies
to find new solutions and better alternatives to improve the quality of their products. Lean and Six Sigma
methodology provides the best solutions to many problems and can be used as an accelerator in industry,
business and even health care sectors. Due to its flexible nature, the Lean and Six Sigma methodology was
rapidly adopted by many top and even small companies. This book provides the necessary guidance for
selecting, performing and evaluating various procedures of Lean and Six Sigma. In the book you will find
personal experiences in the field of Lean and Six Sigma projects in business, industry and health sectors.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Theodore T. Allen, James E. Brady and Jason Schenk (2011). Analysing Portfolios of LeanSix Sigma Projects,
Six Sigma Projects and Personal Experiences, Prof. Abdurrahman Coskun (Ed.), ISBN: 978-953-307-370-5,
InTech, Available from: http://www.intechopen.com/books/six-sigma-projects-and-personal-
experiences/analysing-portfolios-of-leansix-sigma-projects

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




