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1. ABSTRACT

In recent years, companies have begun using Six Sigma Methodology to reduce errors,
excessive cycle times, inefficient processes, and cost overruns related to private equity firms.
This paper presents a case study to illustrate the application of Six Sigma Methodology within
a finance department. The goal of the project was to streamline and standardize the
establishment and maintenance of costing and planning for all business activities within the
current financial management process. The Six Sigma implementation resulted in a significant
reduction in the average cycle time and cost, per unit of activity, needed to produce the
required financial reports. In this study we expand the literature by looking at both financial
and operational effects of undergoing through Six-Sigma trainings. We provide evidence of a
four year catching up period of Six-Sigma companies listed in the Fortune 500 when adjusted
for size and industry; we provide evidence of a negative mean abnormal returns following the
first three years after implementation of Six-Sigma, but it becomes positive thereafter. In
addition, we further analyze the effects on operating performance of undertaking Six-Sigma,
also adjusted for industry and size. We only find significant statistical differences in two, out
of 5 financial/operating performance aspects analyzed. Our findings, which are robust to
several specifications of the tests, suggest that Six-Sigma firms, on average, are less liquid and
have lower employee growth than Non-Six-Sigma firms.

Key Words: Six Sigma, Process Management, Quality Management, Finance, Private Equity



2. IMPLEMENTING LEAN SIX SIGMA IN PRIVATE EQUITY FIRMS
2.1 INTRODUCTION

In 1987, Motorola developed and organized the Six Sigma process improvement
Methodology to achieve “world-class” performance, quality, and total customer satisfaction.
Since that time, at least 25% of the Fortune 200, including Motorola, General Electric, Ford,
Boeing, Allied Signal, Toyota, Honeywell, Kodak, Raytheon, and Bank of America, to name a
few, have implemented a Six Sigma program (Antony et al. 2008, Hammer, 2002). These
companies claim that Six Sigma has significantly improved their profitability (Hammer, 2002).
For example, in 1998 GE claimed benefits of $1.2 billion and costs of $450 million, for a net
benefit of $750 million. The company’s 1999 annual report further claimed a net benefit of
more than $2 billion through the elimination of all non—value added activities in all business
processes within the company (Lucas, 2002). Similarly, Allied Signal reported that Six Sigma
was a major factor in the company’s $1.5 billion in estimated savings (Lucas, 2002). Six Sigma
has also enabled Honeywell to reduce the development time required to redesign Web sites
by 84% for its specialty materials (Maddox, 2004b). Six Sigma has been defined as a
management strategy for improving product and process quality (Hahn et al. 2000, Harry and
Schroeder, 2000, Sanders and Hild, 2000). It is also a statistical term used to measure process
variations, i.e., how far a given process deviates from perfection, which causes defects. Six
Sigma works to systematically manage variation and eliminate defects--or to get them as
close to zero as possible (Harrison, 2006). Six Sigma initiatives have typically been
implemented on shop floors of manufacturing firms to manage “process variations” (defects
or errors), to improve quality and productivity (Revere and Black, 2003), and as a result, to
increase the profitability of a company (Aggogeri and Gentili, 2008, Anand et al., 2007, Lucas,
2002). Functional support areas such as finance, accounting, marketing, human resources,
procurement, and retail, however, have generally not kept pace with manufacturing in
implementing Six Sigma programs. In part, this is due to the rigorous statistical requirements
of applications that were considered too difficult to be applied within other functional areas
or to predominantly service organizations (Harrison, 2006, Pyzdek, 2003, Watson, 2004). For
example, in the areas of finance and accounting, Six Sigma has been used only to monitor and
measure the financial impact of a program on the shop floor, in spite of the fact that,
according to a 2005 Ernst & Young study (cited in Juras et al., 2007), 14% of public companies
have ineffective internal controls, which results in output errors, excessive cycle times,
inefficient processes, and cost overruns. This paper presents a case study of Six Sigma as
practiced in the finance department within a major division (hereafter referred as IDS) of a
leading Private Equity firms. Purposes of this paper were to describe the application of the Six
Sigma Methodology in streamlining the financial reporting process within the finance division
of IDS, to report preliminary findings, and to examine conditions which contributed to the
successful implementation. The company’s name and other attributes have been altered for
reasons of confidentiality. A detailed review of Six Sigma literature was not deemed
necessary for the purpose of this case study since the literature is well known and pervasive,
at least within manufacturing operations. First, this study will briefly summarize the five
phases of the Six Sigma Methodology. Next, it will briefly describes the application of Six
Sigma in various functional areas other than manufacturing operations. Third, the paper
presents an overview of the Six Sigma initiative at IDS, to provide a context for the case



study. Finally, the actual implementation of Six Sigma Methodology in the Account
Reconciliation process is discussed along with preliminary performance results.

2.2 WHAT IS SIX SIGMA?

Over the past two decades Six Sigma has evolved from a focus on metric to the Methodology
level and finally to the design and development of entire Management Systems. As a Metric,
when a process is operating at Six Sigma level, it will produce nonconformance (i.e., defects
or errors) at a rate of not more than 3.4 defects per one million opportunities. As a
Methodology, Six Sigma leads to business process improvement by focusing on
understanding and managing customer expectations and requirements (Brewer and Eighme,
2005; Rudisill and Clary, 2004). As a Management System, Six Sigma is used to ensure that
critical improvement opportunity efforts developed through the Metrics and Methodology
levels are aligned with the firm’s business strategy. The focus of this paper, however, is on
the application of Methodology for business process improvement within the financial
reporting process. The core of the Six Sigma Methodology level is DMAIC which stands for
define, measure, analyse, improve, and control. These are explained in detail in the following
sections. In the Define phase, the project team must work closely with stakeholders to
clearly define the problem statement, project scope, budget, schedule, and constraints.
Understanding customer (internal and external) requirements is the key to achieving the
project’s goal. The team has to define problems and goals of the project that are consistent
with customer demands and with the firm’s business strategy. Process mapping and “voice of
the customer” (VOC) tools are iterative techniques recommended as a means of
incorporating customer requirements. During the Measure phase, the team creates a value
stream mapping (VSM) of the process, capturing the flow of information—where and what
information is needed. Then, based on the VSM, the team starts collecting data relevant to
measuring the current process performance relative to the project’s goals. The most
important activities in this phase are the identification and validation of data accuracy. The
most widely used tools are VSM, run charts, brainstorming, balanced scorecards,
documentation tagging, data collection check sheets, and decision metrics. During the
Analyse phase, the team needs to collect and analyse the data to understand the key process
input variables that affect the project’s goal, such as whether time spent on current activities
is value added or non—value added. A VMS may be used as part of the overall analysis to
generate a list of potential root causes for why the process is not performing as desired. The
tools that can be used are process flow chart, value stream mapping, cause-and effect
diagram, Pareto analysis, histograms, control charts, and root cause analysis. During the
Improve phase, the team needs to design and conduct experiments (DOE) on a small scale
using a formal evaluation process to identify and evaluate optimal or desired alternatives
against the established criteria. A list of all possible solutions should be developed, enabling
the team to eliminate the root causes of problems. The recommended tools include
brainstorming, cost-benefit analysis, priority metrics, failure mode and effect analysis, and
process flow diagrams. Finally, during the Control phase, the team should standardize and
document the new process to support and sustain desired improvements. To sustain long-
term improvements, how the improved process is expected to result in operational and



financial improvements (Foster, 2007) should be transparent to all employees. Tools used
include statistical process control charts, flow diagrams, and pareto charts.

2.3 APPLICATIONS OF SIX SIGMA

In recent years, a number of manufacturing and service companies have realized that Six
Sigma Methodology is flexible enough to be applied throughout all business functions.
Examples of Six Sigma applications in different functional areas other than manufacturing
operations are discussed next.

2.3.1 Sales and Marketing

In recent years, several companies have considered using Six Sigma to improve marketing
processes. For example, the marketing and sales organizations at GE and Dow have been
using Six Sigma for new product development and customer support to reduce costs,
improve performance, and increase profitability (Maddox, 2004a). Other companies use Six
Sigma in marketing and sales as a road map to capture market data and competitive
intelligence that will enable them to create products and services that meet customers’
needs (Pestorius, 2007; Rylander and Provost, 2006). Rylander and Provost (2006) suggest
that companies should combine Six Sigma Methodology and online market research for
better customer service, and Pestorius (2007) noted that Six Sigma could improve sales and
marketing processes.

2.3.2 Accounting and Finance

The Six Sigma Methodology has made its way into the accounting function and has
contributed to reduced errors in invoice processing, reduction in cycle time, and optimized
cash flow (Brewer and Bagranoff, 2004). The accounting department at a healthcare
insurance provider, for instance, developed an applied Six Sigma Methodology to improve
account withdrawal accuracy. Prior to Six Sigma implementation, rectifying an error in the
billing process involved a number of reconciliation checkpoints and manual workflow, which
resulted in 60% of customer accounts being charged less than the amount due and about
40% being overcharged. After Six Sigma implementation, the defect rate reached near zero
and cycle times were reduced from two weeks to three days (Stober, 2006). The U.S. Coast
Guard Finance Center used Six Sigma to create a new standardized process for accounts
payable services, which improved customer satisfaction levels (Donnelly, 2007). A number of
companies have applied Six Sigma to the finance process to reduce variability in cycle times,
error rates, costs, “days to pay” of accounts payable, and improve employees’ productivity
ratios (Brewer and Bagranoff, 2004; Mclnerney, 2006). Other companies have used Six Sigma
to reduce the cycle time of the quarterly financial reporting process (Brewer and Eighme,
2005) and to reduce the time needed to close books, reduce variability in financial reporting,
improve shareholder value, and increase the accuracy of the finance process (Gupta, 2004).
Foster (2007) conducted a longitudinal study comparing the financial performance of
companies who had implemented Six Sigma programs with those who did not have such a
programs. He found significant effects for those firms using Six Sigma on free cash flow,
earnings, and asset turnover. Six Sigma, however, did not appear to affect sales return on



assets, return on investment, or firm growth. As a result, Foster (2007) suggested if firms
want to improve cash flow, earnings, or productivity in using assets, Six Sigma may of use. He
also found that the companies with low cash flow and no Six Sigma programs did better than
companies using Six Sigma. He suggested that for cash poor firms, Six Sigma may be a drain
on resources in that these companies may not have the cash and time necessary to sustain
effective Six Sigma results over time. In another industry level analysis, York and Miree (2004)
studied the link between quality improvement programs and financial performance. They
studied the financial performance of “quality award winning” companies against SIC control
groups both before and after winning the award. They found that quality award winning
firms had better financial performance both before and after winning quality awards,
suggesting that winning the award was a covariate for financial success. Most studies have
attempted to assess the impact of Six Sigma on financial performance have occurred at the
aggregate industry level of analyses. Very few actual case studies have been reported of the
impact of Six Sigma on the finance process itself. That is, how Six Sigma can change the way
in which finance conducts its various work activities and the resulting impact has seldom
been documented in the literature. This case study attempts to address this gap at the more
micro level of within firm process analysis.

2.4 SIX SIGMA AT IDS

This case study is based on the information gathered from IDS’s implementation of a
companywide Six Sigma initiative. The Six Sigma initiative at IDS was developed by
benchmarking the best practices of two other private equity firms, as well as Toyota’s Lean
Thinking model, to meet the stringent standard requirements of the PE firms. The initiative at
IDS received the total commitment of senior executives, a consortium of external Six Sigma
experts, and a group of highly trained individuals throughout the company’s business
divisions. The Six Sigma team was comprised of a full-time master expert (Master Black Belt --
a common Six Sigma designation for the project leader) and a network of internal experts
(Black Belts) working very closely with project managers. The primary goal of the team was to
develop an overall Six Sigma strategy consistent with customers’ requirements and the
company’s mission statement. The long-term goal of the team was to create special-level
project opportunities for the division that could eventually lead to cultural change in the
workplace. Forty projects were identified that encompassed the division’s business profile.
Using a formal standardized metric, the team prioritized a list of project opportunities in
order of their anticipated contribution to the goals of the company. In the next section, the
implementation of DMAIC Methodology in one of these 40 projects i.e., the Continuing
Account Reconciliation Enhancement (CARE) project is discussed in detail.

Define

Through collaborative efforts with other stakeholders in the project, the team visualized an
opportunity to develop and document a standardized process for establishing and
maintaining cost and financial planning for all business divisions within its current financial
system. The primary stakeholders in this project were from the finance organization, which is
responsible for generating cost analyses and other financial reports for managements’
consideration. The team had the commitment of the vice president of the division, who
sponsored the CARE project. The process entailed identifying undesirable or non—value
added activities within the current process, implementing improvements in control systems



for achieving sustainability, and delivering measurable results that change the way people
think and act. The Six Sigma team began by working with internal customers to define the
objectives of the project, including the deliverable, opportunity statement, scope, schedule,
budget, and constraints. The team defined the current problem as “the process cannot
produce all Financial Planning and Analysis (FP&A) requirements in the most efficient and
effective manner.” The primary objective of the project, therefore, was to streamline and
document all cost elements in the planning process for the current financial system. To
achieve the objective, the Six Sigma team recognized two primary issues. First, there was a
need to clarify and simplify the current financial reporting process for internal customers by
identifying all non—value added and confusing steps to reduce reporting cycle time and cost.
Second, the team envisioned an improved process for both internal (called Firm contracts)
and external customers (called Non-Firm) companies who outsourced their financial
reporting to IDS. The improved processes were expected to result in more timely, complete,
and accurate data for planning.

Measure

At this stage, the team conducted value stream mapping analysis to measure the
performance of the current reporting process in terms of average hours required to complete
the FP&A reports and the subsequent cost of preparing all the reports using activity based
costing (ABC) methods. The existing cost and financial planning process was not clearly
documented or consistently followed, which often resulted in rework and dual update loops,
as shown in Figure 1 (Appendix). These loops inevitably create opportunities for non—value
added activities such as errors, excess movement, additional IT training and maintenance
costs, inconsistent data, and waiting time to creep into the process. For example, in step 1 on
Figure 1, when an internal (Firm) contract was received it was entered into SAP; whereas
Non-Firm business was not entered into business planning and simulation (BPS) software
until it was required by the five-year plan, resulting in delays and substantial variations in the
process. In step 2, when a project is not defined, it costs more and delays the process
because the finance department has to request more information (step 3). Only when a
project definition was sufficiently established for a Firm for a contract, will a transaction be
opened in SAP in step 4. Another problem with the existing process, step 5, was that the
financial reporting for project definition was produced with data from the Business
Information Warehouse (BIW), which is a combination of databases, and database
management tools that are used to support management decision making. The BIW is used in
SAP and as well as other applications to support management decision making. In step 6, the
project cost plans were not necessarily developed by the finance team for the program (i.e.,
the Cost Experts), and preparers consequently used a myriad of different financial tools (e.g.,
Microsoft Excel, BPS, etc.). Next, in step 7, cost element breakouts were defined using input
from the various reporting tools. The Non-Firm data was added in BPS as requested by
external clients, and Firm data was entered into SAP for the five-year plan FP&A
requirements. In step 8, the analysis was prepared along with reports and presentations.
Finally, in step 9 the FP&A’s were revised to incorporate management change requests and
both SAP and BPS data bases were updated as needed. The team found that they were
spending, on average 150 hours to produce 10 internal Firm financial statements and 50
hours on 10 outside Non-Firm reports. In summary, the finance department spent a total of
200 hours to generate 20 reports (including the ongoing costs of preparing 12 monthly



reports) for an overall cost of $360,000. Using activity based-costing principles the cost of an
activity is equal to: Volume x Time x Labor Cost. In this case, this would be equal to 32
reports times 200 hours times a fully burden labor costs for a total of $360,000.

Analysis

The team began this stage by creating a cause-and-effect diagram, as shown in Figure 2
(Appendix). This tool is used to identify possible root causes of why “the process cannot
produce all cost and FP&A requirements in the most efficient and effective manner.” The
team identified three major causes and grouped them into the following categories: 1. Lack
of complete Firm cost and financial plans 2. Multiple sources of data and databases 3. Lack of
complete Non-Firm cost and financial plans Next, the team used these categories as the basis
for further detailed analysis to identify the contributing factors for each major cause, as
shown in Figure 2. For example, one of the major causes related to the “Lack of Firm
complete cost and financial plan” (activity 1) was attributable to: a) incomplete costs being
entered into BPS and SAP for all businesses within the division, b) the current project cost
plans were defined in various, inconsistent formats at the discretion of the finance
managers, c) the cost element plan was not required for contracts to be established in SAP.
Furthermore, planning was done using multiple tools and was not copied into or maintained
in a common centralized database. Additionally, planning was not consistently performed at
the cost-element level because it was not previously considered necessary for FP&A
requirements. Hence, the analysis concluded that planning was not required for contracts to
be established in SAP, nor was it necessary for FP&A requirements. The team used VSM
analysis to recommend the following actions for overall process performance improvement:

1. Identify all business divisions that require a baseline in the current financial database.
2. Establish baseline data by resource, cost element, and time phasing for each project.

3. Identify and eliminate all non—value added activities to improve the response time at all
levels of management for a variety of cost analysis and FP&A requirements, including five-
year plans, bookings forecasts, sales forecasts, and annual operating plans.

Improve

In this stage, the team provided two solutions for implementation by the finance
department. First, implement all the actions identified through VSM analysis. Second,
redesign the process by following the flow chart shown in Figure 3 (Appendix) which
essentially simplified the process by eliminating non-value added steps in the current

process.

In addition, the Six Sigma team recommended that all business divisions be required to
implement the following actions to enhance financial reporting capabilities:

1. Develop initial cost-element plans by project for both internal and external contracts.



2. Regularly copy cost plans to various FP&A versions for five-year planning, sales forecasting,
and bookings forecasting.

3. Update and maintain cost-element plans as new businesses are identified and funding is
received.

4. Update and maintain financial plans.
5. Copy updated financial plans to various FP&A versions accordingly.

After implementing the recommended process changes and actions, the following results
were achieved: e Cost-element and financial planning activities for all business divisions were
standardized, consistently created and maintained in a centralized database;

* Processes were streamlined, documented, and consistently followed throughout the
reporting process;

¢ Significant reduction in cycle time was achieved for producing the FP&A reports;
specifically, the revised process resulted in 100 hours reduction in cycle time, resulting in cost
savings of $130,000 per year or roughly a 64 percent reduction.

A cost savings of $130,000 may not appear to be much considering the cost of Six Sigma
implementation, but recall this is only one of forty projects within the finance function. In
reality, the reported cost savings of $130,000 a year is actually cost avoidance. That is, in
order to increase profitability one must lower cost by, for example, reducing headcount
through attrition or by absorbing future increases in the volume of work but with the same
labor costs.

Control

The goal of the project was to pull cost elements and financial plans from their various
sources, organize them, and combine the information into one comprehensive report for
analysis and monthly program presentations. To sustain results, the team standardized,
documented, and distributed the new process for the finance department to follow.
Additionally, ongoing performance was monitored and became part of the formal
performance evaluation process.



3. ECONOMIC BENEFITS THROUGH SIX SIGMA

Today, companies and industries are under increasing pressure to reduce the costs while
the business performance has to improve. The objective related to the business
improvement is for the top management obvious: maximization of shareholder value
through increased profits.

The activities to assure quality in a company can be grouped in three processes: quality
planning, quality control and quality improvement (Juran & De Feo, 2010). Quality
improvement activities does not enhance the quality level only but leads to the cost’s
optimization, improvement of market share or a pricing effect. These outcomes have
positive effect on the company profit. From another — production — perspective long-
term performance of a manufacturing company depends on quality and efficiency of the
production processes therefore the improvement in this area has the positive effect on
the profit as well. In addition, a quality improvement program leads to the creation of
the product that customer values, so the customer satisfaction increases as another
important long- term success indicator for a company.

3.1 THE HYPOTHESES

Quality improvement activities are executed in projects and this systematic project base
distinguishes quality improvement from quality control, which is based on the reactive
approach. Several quality improvement strategies, which are statisticaly based have
been developed, in order to guide quality professionals to perform improvement
projects. The most frequently used are the Six Sigma methodology, the Shainin System
and Taguchi’s methods.

The selection of the quality improvement projects in the rapidly developing industries
such as automotive or electronics suggests evaluation of effort and resources allocated
to the project in order to deliver maximum benefits to the company. Project selection
process have become crucial as the effectiveness of

the quality improvement programs is one of the key factors for the fulfilment of the
business objectives and development of the employees.

The way the Six Sigma methodology is used has changed in last few years. The influence
of the economic crisis led to the situation the improvement programs are evaluated
more strongly by economic criteria. In the past the Six Sigma programs were not defined
based on the economics aspects primarily but rather on a confidence or a trust the
quality improvement can bring a positive effect. Six Sigma was taken as a quality
initiative that does target the cost reduction secondarily. It means the quality
improvement could save money by eliminating of the defective products, rework or
returned products but this was taken as a by- product of the project.

In this paper we will seek for the estimation of benefits coming out of an improvement
project especially focusing on Six Sigma projects.



3.2 TEST OF HYPOTHESES
Six Sigma methodology

Six Sigma is a robust continuous improvement strategy that rely on statistical methods.
But Six Sigma is more than a set of tools. Six Sigma is the strategic and systematic
application of the tools on a project in order to reach significant and long-term
improvement. In general, Six Sigma methodology solves the process or business problem
by reduction of the variation (Nave, 2002). Six Sigma methodology provides a structured
data-driven approach based on statistical methods that companies use to measure their
performance both before and after an improvement project. No changes are made until
the current process is completely understood, documented and measured. The revised
process is measured and verified after the improvement action is finished. Apart from
that we have to consider Six Sigma as the approach strongly focused on the customer
needs. Basically, the DMAIC process translates customer requirements into operational
terms and defines the processes critical to quality which must be completed to meet
customer needs (Juran & De Feo, 2010). Six Sigma methodology consists of five steps
known as DMAIC process (Table 1).



Table 1 — DMAIC structure of Six Sigma strategy

Define Define the customer and their 'Critical To Quality' characteristics (VOC)
Define the business processes that are involved (VOB)

Create a process map

Decide on the metrics

Form a project team and develop a project charter

Evaluate the financial savings of the six-sigma project

Measure | ¢ Monitor the existing process by acquiring data from the process

Analyze Data analysis
Gap analysis between current and required performance
Identify the sources of variation

Decide on the processes to be improved

Improve

Propose solutions

Perform pilot studies, design of experiments etc. to evaluate
proposed solution

Create an implementation plan

Implement changes

Control Implement controls to ensure improvement is reached and stable
Develop procedures and train the staff
Update control plan, FMEA and related quality documentation

Evaluate the financial savings of the six sigma project

3.2.1 Six Sigma and business improvement

To select a beneficial improvement project a company has to to work with two main
inputs: Voice of Customer (VOC) and Voice of Business (VOB). VOC is the most powerful
input. Why VOC is so strong? The reason is obvious: the customer is the reason to run
the business. Significant portion of the Six Sigma projects is initiated based on customer
request or, in the worst case, on customer complaint. Voice of Business (VOB) is an inner
voice of the company. Perhaps it is not as strong voice as VOC but many improvement
actions and activities have arisen from the identification of the internal needs and gaps
within the processes.

These two voices are linked together through process output that has to comply with
requirements specified internally by business needs and externally by customer
requirements. Properly selected Six Sigma project will be in line with customer
expectation and business priorities if the VOC and VOB is reflected. This would
guarantee the validity and the priority of the project which can be recognized by
management.

A quality improvement activity brings two main effects: improvement of the product
characteristics and failure reduction. A real quality improvement should end up by the
economical benefit represented increased profit at the end (see Figure 1).




The improvement of the production quality and product quality leads to the high
production efficiency, prevention of the scrap and decreasing of the process variance.
The costs of poor quality are minimized and thereby the production costs are lower so
unit costs are decreased as well. Higher internal quality contributes to low level of
external failures. It causes the external effect as customer satisfaction increases due to
low defect rate of the product in the market.

The better quality can have a positive effect on the pricing as customer will start to
distinguish between low- and high-quality product as shown on Figure 2 (Freiesleben,

2004).

Improved
Characteristic

Increased
Market Share

Improved

Revenue

Quality
Improvemen

Higher Sales
Price

Improved
Productivity

Increase
d Profit

Cost

Failure
Reduction

Unit price

Reduced
Scrap

Reduction

Warranty
Claim
Reduction

Figure 1 — Economics of a quality improvement project
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Quality improvement is linked to quality costs. The structure of the quality costs can be
explained by traditional quality costs model, (PAF model, Prevention- Appraisal-Failure
model) which defines these costs consisting of four costs categories: internal failure
costs, external failure costs, appraisal costs and prevention costs. (Nenadal, 2004). Total
quality costs are the sum of the costs of poor quality and the costs of achieving good
quality then (see Figure 3).

The analysis of the costs of poor quality itself does not create a good base for the
financial evaluation of the quality improvement project. The reduction of the quality
costs will minimize the production costs, but this analysis will not demonstrate the
contribution to the profit increase (Miller & Morris, 2000). The missing link between
benefits and costs of poor quality is revenue (Figure 4). As shown in Figure 1 revenue
can be increased if market share is increased and/or the price is heightening. In Figure 4
revenue is shown as increasing function of quality. Net profit of the company is the
difference between total revenue and total quality costs. Point Qi represents the quality
level with total costs of quality being minimized. Profit maximization is reached in the
point Qa. Further improvement of the quality between Qi and Q; causes the slight
increase of the total quality costs however the slope of the total revenue line is steeper
therefore the additional profit is created The lower graph illustrates the same situation
displaying marginal values of the revenue and costs in relation to quality. Marginal lines
represents the slope of the absolute characteristics: marginal costs shows the slope of
the total costs line and marginal revenue is equal to the slope of the total revenue line.
Revenue exceeds marginal costs in point Q1 so at minimum costs of quality.

Costs of
Quality
v A
Costs of poor Costs of good
quality quality
A A
Internal External Appraisal Preventive
Failure Costs Failure Costs Costs Costs

Figure 3 — Costs of quality structure (PAF model)

3.2.2 Evaluation of Six Sigma projects by savings

The assessment of the project benefits using revenue or net profit is not an easy part
especially for green belts. The financial impact of the individual Six Sigma project is
evaluated through savings. The project charter of each Six



Sigma project should show the overview of the expected savings in the Define phase
already. Two groups of Six Sigma savings are defined: hard and soft. Hard savings
influence the year-to-year financial results, reduce spending and budget variances. The
hard savings are categorized as cost reduction and revenue enhancement. Soft savings
improve the cash flow, impact future capital budgeting and they may influence the
capital spending. There are three categories of the soft savings: cash flow improvement,
cost and capital avoidance (Snee & Rodebaugh, 2002).

A Total quality cost Total revenue
\
2 \
§ ' /_ Maximum net
profit
@ e Quality
A
?E Marginal cost
o -
_— Marginal revenue
— o G Quality

Figure 4 — Quality costs versus revenue

Explanation: Qi1 — the quality level with total costs of quality being minimized; Q2 —
profit maximization

Although savings are well defined from economical point to assess the project savings is
the most difficult point for green belts and black belts and it could become blocking
point to start a project. Why is this point so painful? Most of the green belts and black
belts are employees with technical background but with low knowledge regarding
business economy. If we look at the agenda of a Six Sigma green belt or black belt course
we will find sporadic information about business economics related to the Six Sigma
methodology. Not sufficient economical knowledge leads to the fact the green belts and
black belts are trying to link their Six Sigma project to a most obvious saving. The
simplification does not allow proper project rating as one project influences several
categories of savings usually. The situation is more complicated with soft savings which
are difficult to recognize and quantify.



Table 2 — Savings categories

Savings | Savings type Improvement area Indicator
category
Hard Revenue Capacity increase Production volume
enhancemen
t
Cost reduction | Quality improvement | ppm, cp/cpk
Cost reduction | Incoming material Reduction of input costs
price and quality
Cost reduction | Process efficiency Efficiency, cost reduction
Soft Cash flow Inventory reduction Inventory level reduction
improvemen
t
Cost avoidance | Testing Testing time, testing frequency
Capital Production flow Capital investment budget
avoidance optimization

3.3 Financial based concepts to evaluate benefits of Six Sigma projects

The most popular concept (and to be honest the one which is usually explained on the
green belt/black belt course) is known as hidden factory. This concept is based on the
elimination of so called hidden factory costs. Example: we have to produce x good
products and our actual defect rate is g. To fulfill customer needs for delivered volume

(v) we have to produce volume

v=x/1-q,

If we consider c as variable cost per unit then related variable costs

C =c(v-x)




are indirect costs of poor quality caused by overproduction (Bisgaard & Freiesleben, 2000).
The calculation of the cost savings related to Six Sigma project could be simplified using
this concept as hidden factory costs are equal to the savings. This simplified way of
calculation ignores the investment to the improvement of the process. The improvement
action has long-term effect while spending related to improvement could be taken as a
one-time investment. From accounting point of costs related to investment will be written
off for certain time. This allows us to evaluate the benefit of Six Sigma program by return
of investment (ROI) calculation.

Unadjusted return of investment can be expressed by formula (Bisgaard & Freiesleben,
2000):

ROl = 100.(operating advantage - amortization) / Investment
(3)

This calculation does not include the interest rate in to judgement.

The expectation related to the usage of the ROI as the criteria for the evaluation of the
benefit of Six Sigma program is one time investment. This condition comes true for green
belt projects which take approximately three to six months to complete. The situation
differentiates from ongoing long-term improvement activities. Leading companies
implemented different approach to improve the quality of their product based on the
continuous, systematic innovation strategy. Such strategy can contain process
innovation, product innovation as well as radical and incremental innovation (Bisgaard
& De Mast, 2006) . The innovation strategy is executed by the structured improvement
programs where the Six Sigma is used as an engine to run the improvement process. An
advanced innovation programme starts in the design phase already where the Design
for Six Sigma (DFSS) approach can be used to set up the appropriate quality level and
economical effectiveness of the product and process prior production phase. These
improvement activities have to be evaluated from economical point as long-term
projects that have different cash flow developing over several years. The net present
value (NPV) could be suitable characteristic to evaluate such long-term activity. The
expected future incomes and outcomes are converted to current value using an
estimated rate taking in account the “time value of money”. The NPV can be expressed
by the formula:

NPV =5 investment value / (1 + rate)?2.

Investment value is the sum of the costs and revenues related to investment realization,
n represents individual years of the investment utilization, t means total investment
utilization and rate is related to the alternative valorization which reflects amount of
interests (Kral, 2010).. Even the formula looks simple | would strongly recommend to ask
financial department for the support in case of the evaluation of NPV.

There are further methods the financial impact evaluation of six sigma projects which
are even more based on the accounting approach i.e. EVA method (Mader, 2009).



3.4 Process for continuous evaluation of the project benefits during project life
time

The financial benefits are the key aspects of the Six Sigma projects which have to be
taken in consideration before a project is launched. Unfortunately there is no simple
way how to calculate the financial benefit coming out of the project. The idea the cost
savings being assessed by green belts or black belts themselves does not bring a value
usually. The only effective solution is to involve finance department in the evaluation of
the Six Sigma project from an early phase. This is nothing revolutionary new: a Six
Sigma project has to be simply traced any

valuated as any other project in the company. The financial metrics are just
implemented as the key performance indicators of the project. The most effective way
to evaluate benefits of Six Sigma projects is to create continuous project evaluation
process to maintain the tracking of project development closely. At the beginning of the
project the key metrics are defined in the project charter which has been created as
soon as the project idea is generated. Well-defined project charter outlines the scope of
a project, financial targets, anticipated benefits and. In the initial phase it is important
to generate the metrics by green belt and black belt. The financial metrics are reviewed
with finance department taking in account product life cycle phase, complexity and
expected duration of the project, expected investments, hard and soft savings. The
project pre-agreed with finance department is submitted to Six Sigma steering
committee to decide about release of project for execution. The status of the project is
reviewed after each milestone of the project (Define, Measure, Analyze, Improve,
Control milestone at least) including the financial indicators. The project status at the
point of milestone is the key decision point (but not only one) to differentiate the
projects with high benefit potential from projects with low expectation. The final
evaluation of the Six Sigma project benefits is done six months after the project closure.
The complete flow describing the process of continuous evaluation of the Six Sigma
benefits is shown by Figure 5.
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4.

Increasing returns and operating performance through Six Sigma

Managers are increasingly held accountable for delivering maximum shareholder value while also
providing an improved relationship with stakeholders, and particularly customers. Since the
1980’s,industrial organizations have adopted quality control practices, such as Six Sigma, to maintain and
enhance competitiveness. According to Derming (1990) most failures in organizations are caused by
systemic flaws rather than individual errors, which prevent companies from achieving levels of quality, or
productivity, that companies might otherwise be capable of achieving. Bacidore et al. (2005) discuss that
a quality control programs have:

Six-Sigma is currently one of the most popular quality management programs to date. Researchers
describe Six Sigma as a data-driven management strategy focus on problem solving based on statistical
analysis (Blakeslee, 1999; Hahn et al., 1999; Harry and Schroeder, 2000; Braunscheidel et al., 2011). This
quality control process can be viewed as an attempt to communicate organizational attributes to parties,
customers and investors, who cannot observe them directly. Although the literature has focused on the
effects of the quality improvements on the business process itself, little attention has been given to the
financial outcome of incorporating these practices; financially speaking, quality control programs must be
translated into larger profits and increased shareholder wealth which is, after all, the fiduciary duty of
managers and the board of directors.

The net operating effects of these types of investments have not been rigorously examined. Most
scholarly work to date involves perceptual data from surveys, or financial studies of a few select
companies (Goh et al., 2003; Zu et al., 2008; Gutierrez et al., 2009; Braunscheidel et al., 2011). In this
paper, we expand the literature on the financial effects of operations management by employing a larger
dataset, both in number of firms analyzed and the time frame of the study, of companies that have
implemented Six-Sigma. We assess the financial consequences of undertaking Six-Sigma principles by
comparing the long-run stock performance and operating performance of Fortune 500 companies with
and without Six-Sigma principles.

The Six-Sigma approach, formulated by Motorola in the 1980s, can be synthesized in improving the
capability of business processes by using statistical methods to identify, decrease, or fully eliminate
process variation to no more than 3.4 defects per million (Motorola 2009). It is expected that by reducing
defects in production, thereby improving product quality, employee morale and ultimately profits will
soar. Simply put, adopting Six-Sigma would improve the organizational performance through higher
employee productivity without negatively affecting the company’s performance (Shafer and Moeller,
2012). In this regard, companies are willing to invest large amounts of capital in such quality management
systems; training costs can be as high as $50,000 per worker (Antony, 2006; Fahmy, 2006) increasing
training expenses to upwards of $1.6 billion as it was the case of General Electric (Feng, 2008).

Six-Sigma appeared as a response to the fact that organizations with poor processes management are less
effective than those that do (Kaplan and Norton 2001). Without specific quality control processes,
organizations rely on learning-by-doing which takes longer times of improvement (Aldrich and Ruef,
2006). The objective of Six-Sigma is thus to eliminate inefficient steps through check sheets, Pareto
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analysis, cause and effect diagrams, root cause analysis, and value added analysis, among others (Conger,
2015)1. And these administrative innovations affect the ways that organizational members conducttheir
routine work (Sinha and Van de Ven, 2005).1997, Citibank hired Motorola University Consulting and
Training Services to teach Six Sigma to 650 senior managers. Moreover, between November 1997 and the
end of 1998, another 7,500 senior-manager-led teams were trained. And by early 1999, a total of 92,000
employees worldwide had been trained. Furthermore, Six-Sigma has even been adopted by many firms
that had already possessed quite mature quality management processes like 3M, Ford, Honeywell, and
American Express (Schroeder et al., 2008). Currently, most Fortune 500 companies have invested in Six-
Sigma training (Nakhai and Neves, 2009).

Still, there is a cast of doubt surrounding the efficacy of Six-Sigma. For instance, research has shown that
corporate improvements could be due to social aspects (Powell, 1995), a supportive learning culture
(Detert et al., 2000; Schroeder et al., 2008; Naor et al., 2008), implementation of a shared vision
(Gutierrez, et al., 2009), and/or cooperative values (Kull and Narasimhan, 2010), rather than a direct
consequence of the Six-Sigma training. Furthermore, many researchers have questioned the
effectiveness of adopting Six-Sigma (see: Abernathy, 1978; Tushman and O’Reilly, 1996; Clifford, 2001;
Benner and Tushman, 2002; Rowlands, 2003; Goh et al., 2003; Naveh and Erez, 2004, Zu et al., 2008).
Finally, managers from General Electric and 3M suggested that Six Sigma practices may have constrain
innovation needed to drive growth (Rogers, 2003; Brady, 2005; Hindo, 2007).

But the literature shows supporting evidence of a positive effect of adopting Six-Sigma. The benefits
range from effective cost savings (Pande et al., 2000; Harry and Schroeder, 2000, Braunscheidel et al.,
2011) and innovation (Braunscheidel et al., 2011), to increased return on investments (Dorgan and Dowdy,
2004; Swink and Jacobs, 2012), to enhanced overall performance across different business aspects
(Jacobs, Swink and Linderman, 2015). In fact, post-adoption of Six-Sigma, firms show that overall quality
isimproved in both production (Ittner et al., 2001; Choo et al., 2007; Molina et al., 2007; Swink and Jacobs,
2012;), as well as job quality (Linderman et al., 2003 and 2006; Levine and Toffel, 2010)

Although the literature shows proficiency looking at the effects of quality controls, to our knowledge, no
prior research has extensively looked at all areas of the business from operations to profitability to stock
prices. It remains uncertain whether Six-Sigma enhances profitability given that it is exclusively a
customer-driven system (Breyfogle, 2003) which emphasizes on customer-oriented metrics (Linderman et
al., 2003; Sinha and Van de Ven, 2005; Schroeder et al., 2008). Moreover, it is necessary to look at the
long term performance of companies which have adopted Six-Sigma, given the evolving nature of
processes over time (Robertson et al., 1996; Rogers, 2003; Strang and Kim, 2004). Companies must first
learn to understand the specific business processes before they can remove excess (vom Brocke et al.
2010).

In this regard, we provide an analysis of the effects of adopting Six-Sigma practices within the 2006
Fortune 500 companies. This provides a sample of 108 companies that were identified as having
implemented Six-Sigma. We then estimate five-year performance metrics for the 108 Six-Sigma
companies and 398 non-Six-Sigma companies. Our study is split into two parts: (1) long-run stock
performance and (2) long-run effects on operating performance.
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Our findings suggest that Six-Sigma companies outperform the market, as evidenced by positive mean
abnormal returns and mean buy-and-hold returns for every year during the window [-3, +5] years,
where tg is the implementation year. Furthermore, we find supporting evidence suggesting that Six-
Sigma firms go through a catching up period of four years before outperforming companies matched by
size and industry. But since this positive difference only appears four years after the adoption of Six-
Sigma, we caution the reader because a direct causality of this over-performance of Six-Sigma firms is not
proven.

In comparison, our findings are somehow aligned with those of Goh et al. (2003) and Zu et al. (2008). Goh
et al. investigate, based on a sample of 20 firms, stock price reactions on the day when Six-Sigma
activities are made known publicly, as well as the long-run stock performance of those companies. They
report no significant increase in returns surrounding the announcement date or an abnormal long-term
performance increase. Moreover, Zu et al. find that the long run stock performance of Six-Sigma firms is
not better than the S&P 500. Further examples of the reactions to Six-Sigma announcements include
Ramasesh (1998) and Przasnyski and Tai (1999).

In addition to stock performance, we look at operational performance. We investigated the effects of
undertaking the Six-Sigma principles on fourteen ratios dealing with liquidity, activity, management,
earnings, and labor. We can only find statistical significance in ratio performance for 2 out of 5 areas:
liguidity and labor performance. The evidence suggests that Non-Six-Sigma firms are more liquid than Six-
Sigma firms before and after the training, which is of statistical significance at the traditional levels. Also,
the only significant difference is given by growth in staff, but only after the implementation of Six—
Sigma; we find a decrease of 8% in staff over the 5 years following the implementation of Six-Sigma.
Altogether, there is no evidence of superior operational performance of Six-Sigma companies despite the
reduction of personnel. Our findings are robust to reducing the dataset to account only for company-
wide adoptions, early adoptions,

It is worthwhile noting that the literature shows other non-quantitative desired effects of undertaking Six-
Sigma. For example, the literature shows that Six-Sigma practices requires structured improvement
methods which lead to better organizational learning and knowledge transfer (lttner et al., 2001; Choo et
al., 2007; Molina et al., 2007; Swink and Jacobs, 2012), as well as overall improved job quality (Levine and
Toffel, 2010), and that the interaction of the structured method and rigorous goal setting of Six Sigma
explains its impact on the performance of specific projects (Linderman et al. 2003 and 2006).

Additionally, De Mast and Lokkerbol, 2012, argue that Six-Sigma itself is a generic process, and that
research should focus on the implementation of DMAIC? processes. Furthermore, newer research has
focused on the adoption of Lean Principles to Six-Sigma, ergo Lean Six Sigma (see: Hilton and Sohal., 2012;
Assarlind, et al., 2013; Antony, 2015). But such questions, including the analysis qualitative benefits, are
beyond the scope of this paper and is left for future research.

The remaining of this paper remains as follows: section 2 describes the data description of both the Six-
Sigma and the matching non-Six-Sigma companies, as well as the methodology used to assess long- run
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stock performance and the description of an event study methodology used to assess operational
performance; section 3 provides a summary of our findings; section 4 then develops several robustness
checks; and finally section 4 provides concluding remarks.

4.1 Methodology and Data Specification

Data

We hand collected public financial data from the companies listed in the Fortune-500 2006 report, and
identify the list of companies which have adopted Six-Sigma practices. This process results in a dataset
containing 108 companies. In addition, the 108 Six-Sigma companies are adjusted for relative
performance by adjusting for size and industry within the 2006 Fortune 500 listing. That is, each Six-Sigma
company is paired with a Non-Six-Sigma company. This matching is done on a one-to-one bases based on
the SIC 3-digit code for industries and within a 30% size adjustment.

We, therefore, gather yearly SEC filings for three years before and five years after the reported Six- Sigma
implementation; this results in a dataset with yearly financial data from 1984 through 2013. But because
the data spam is focused on three years before and five years after the implementation of Six- Sigma, all
data is centered on the implementation date, tg = 0; thus creating and event-window [-3, +5] years.

Finally, because we use yearly data, all event windows are centered on December of the implementation
year (to = December =0).

Looking at the data, the earliest implementation reported was in 1987 (Motorola) and the latest was in
2007 (Walmart)3. Most companies implemented them in the 1990s and 2000s, where the median
implementation date is 2001. It is thus interesting to analyze the difference between implementation
periods to test the advantages of early adoption. We therefore split the sample into pre- and post-2001
implementation to account for possible advantages of early movers.

Moreover, we recognize 4 levels at which companies can implement Six-Sigma: (1) the corporate level
which is an enterprise-wide initiative with corporate commitment and support; (2) the business unit level
which is deployment and support by a corporate executive or business unit executive; (3) the pilot level
which describes trial initiatives in a selected business unit; and (4) the belt level which is limited to selected
projects organized around personnel who have green belt or black belt certification. Of the 108
companies, eighty-five had implemented Six Sigma at the corporate level, fourteen at the business unit
level, four at the pilot level, and five at the belt level. Finally, data regarding stock prices is included to
assess financial performance. We download monthly pricing data for all 216 companies from CRSP. Once
again, this is done based on a [-3, +5] window centered around tg. Furthermore, we include the returns

on the S&P500 from 1984 to 2013, as it is always required to have a benchmark for average market
performance.

Based on this data, we tests two hypothesis: (1) we look at the long-term stock performance of Six- Sigma
companies using average cumulative abnormal returns and buy-and-hold returns, and (2) we look at the
overall effect on operating performance of Six-Sigma firms, by doing an event study based on their
financial ratios pre- and post- adoption of Six-Sigma. Our expectation is that Six-Sigma adopters will
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perform better not only operationally, but also financially. We report our results based on the size- and
industry-adjusted performance and unadjusted performance. The following sub-sections describe the
methodology for testing both hypothesis.

4.1.1 Assessing Long-Run Stock Performance

We start by defining market-adjusted monthly abnormal returns as the difference between a firm’s
return and the benchmark; formally:

ARi,T =R T — RS&P500 )

where AR; T is the abnormal return of stock i in month t, R; T is the return of stock i at month ¢, and

RS%P>00 is the market return, based on the S&P500 index, during month T. Since the objective is to
estimate long-term performance, we estimate both: expected equally weighted abnormal returns and
buy and hold abnormal returns.

While the expected return is just a measurement of the long term average performance over a particular
investment period, the buy and hold return shows the actual amount of money generated. Thus,
following an event study centered on the company’s Six-Sigma adoption date, we define event windows
not only to differentiate between pre- and post-adoption performance, but also between different stages
of the adoption process. It is worthwhile noting, however, that t = 0 varies depending on the year on
which the company decided to implement the Six-Sigma training; but the event window itself remains
thus constant.

We estimate a total of 8 different event windows. The first three windows define the pre adoption
period: [-36,0], [-24,0], and [-12,0]; and the remaining five define the post-adoption period:
[0,12], [0,24], [0,36], [0,48], and [0,60]. Formally then, expected cumulative abnormal returns are defined
as:

T
1
ARE= "S AR )

iy i,T
t
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and buy-and-hold returns are defined as:

T T
ARBH =TT(1 + Ri1) - TT(1 + RS&P500)
i T
t t

where [t, T] represents the particular event window.
4.1.2 Assessing Long-Run Operating Performance

Next, we examine the relative operating performance of firms that adopted Six-Sigma to the remaining
Fortune 500 companies. For robustness, we match the 108 Six-Sigma firms in the dataset to industry- and
size-matched companies. Five different measures of operating performance are, thus, analyzed: liquidity
analysis, activity analysis, management efficiency, earnings ability, and labor. This results in fourteen total
ratios being analyzed. Table 1 summarizes the estimation of all rations, while details sustain the rationale
of using these ratios are explicated in Appendix A.

[TABLE 1 ABOUT HERE]

All ratios are estimated based on the same full event-window described above: [t = -3, t = +5], on yearly
bases. We also use two extra event windows to differentiate between pre- and post-adoption periods: [t
=-3,t=1] and [t = 1, t = +5]. The actual effects on operating performance are therefore examined by
comparing the Six Sigma firms’ ratios from both pre- and post-implementation windows.

Researchers maintain that a firm must possess certain resources and make certain commitments in order
to make Six Sigma successful. Hence, Six Sigma methods and tools may be more or less effective in
certain technological and operational contexts. (Antony et al., 2008; Schroeder et al., 2008; Jacobs, et al.
2015). Therefore, to account for the possibility that the ratios may, indeed, be biased in favor of certain
companies?®, industry- and size-adjusted median ratios (performance) are reported. The Industry- and
size-adjusted performance is calculated as the difference between the ratios for Six-Sigma firms and ratios
for the matching firms described above.

Moreover, each year, companies and their adjusting firms are ranked based on the performance of each
ratio. This results on 108 matching pairs per year within the testing period [-3, +5]. Following Otchere
(2005), who uses the Wilcoxon (1945) signed-rank test, we estimate a w-test-statistic> for differences in
median performance within the pairs. This is based on a z-test statistic because n is sufficiently large; that
is, the critical z — value is given by:
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Finally, we test for a change in the mean/median performance between the pre-Six Sigma period
(window [-3, +1]) and the post-Six Sigma period (window [+1, +5]); we separate between pre- and post-
adoption periods at year 1 to allow changes to take effect before analyzing the results. This is done by
performing a t-test of differences in means.

Results

4.1.3 The Performance of Long-Run Stock Returns

The long-run stock performance of sample firms is examined by analyzing three different mean returns,
viz., market-adjusted returns, buy-and-hold returns, and unadjusted returns of firms that have
implemented Six Sigma versus industry- and size-matched firms. It is expected that the Six Sigma process
compels management to pursue process improvement and cost-cutting projects that will enable firms to
generate higher returns for investors.

Table 2 summarizes the stock returns for the 108 companies that implemented Six-Sigma along with the
industry- and size-matched firms. Panel A shows the mean abnormal returns and Panel B shows the buy-
and-hold abnormal returns. To analyze the timely effect of adopting Six-Sigma, all returns are reported
for all the suggested event windows: [-36,0], [-24,0], [-12,0], [0,12], [0,24], [0,36], [0,48], and [0,60]. In
addition, for comparison purposes, Table 2 Panel C reports unadjusted returns. Finally, all findings are
tested for a null hypothesis of zero abnormal returns based on a t-test.

[TABLE 2 ABOUT HERE]

Rapid inspection shows that Six Sigma firms always outperform the market, regardless of the event
period; though it is not statistically significant for the [-36,0], and [-24,0] windows. Still, buy-and-hold
returns are significantly higher than the S&P 500 after implementing Six Sigma: the results show a 7.48%
mean buy and hold return after the first year, which increases to 48.34% over the five years after the
implementation. All results are statistically significant at the one percent level, except for the [0,12]
window which is significant at the 5% level.

But more importantly, Six-Sigma returns are compared to industry- and size-matching firms within the
Fortune 500. This is estimated as the difference RNonSixSigma ~ RSixSigma- Based on market
adjusted returns, the results suggest that Six-Sigma firms need at least three years to catch up, and
perform better, than the matching firms, as evidenced by a negative difference during windows [0,12],
[0,24], [0,36] and subsequent positive difference thereafter. But it is worthwhile noting that, on average,
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Non-Six-Sigma firms outperformed Six-Sigma firms even before the latter firms implemented the Six-
Sigma process.

For controlling purposes, unadjusted mean cumulative returns are also analyzed. The evidence suggest
that Non-Six-Sigma companies perform better. This is true regardless of the period of analysis. The
cumulative return over the three years before the implementation date is reported to be 50.81% for the
Six-Sigma firms, while the matching firms provided a 57.35% over the same period. Moreover, over the
five years after the implementation, the cumulative returns of Six-Sigma firms is 66.23%, which is 4.30%
lower than the matching firms.

Overall, this does not provide strong supporting evidence of a long-term improved financial performance
post Six-Sigma implementation. Although the evidence suggest that stock returns do increase four years
post the implementation process, we caution the reader given the plausible existence of other external
factors directly causing this improvement. We further this discussion in the following section by looking
at financial performance across different areas of the business.

4.1.4 The Performance of Long-Run Operating Performance

In this section, we analyze the proposed five different measures of operating performance. We estimate
14 financial ratios to signal the effects on liquidity analysis, activity analysis, management efficiency,
earnings ability, and labor. Table 3 summarizes the results. Panel A describes the yearly median ratios for
the 108 Six-Sigma companies, while Panel B summarizes the results for the matching firms. For
comparison purposes, the Wilcoxon test is included in Panel C.

The results show that Six Sigma firms have lower liquidity than matching firms across all years.
Considering the implementation year, tg, liquidity for Six-Sigma firms is lower than the liquidity of the
matching firms, but not statistically significant except for the quick ratio; this is expected if the investment
is made with liquid assets. But there is not sufficient evidence that liquidity improves even after 5 years
after the implementation of Six-Sigma; in year five, the current ratio is estimated to be 1.36, the quick
ratio 0.83, and the net working capital is 0.08 for the Six sigma firms in comparison to 1.52,0.91, and 0.12
respectively®.

On the other hand, Six Sigma firms are at parity with matching firms in terms of activity analysis and

management efficiency, given that the difference in ranked paired ratios is not statistically significant per
the Wilcoxon test. The only events when Six-Sigma firms outperform their controlling firms, is in median
inventory turnover during year 3 and year 4 after implementation; median inventory turnover ratio
improves to 8.03 compared to 6.32 during year 3, and 7.86 compared to 5.98 (statistically significant at
the 10% level) during year 4.

Regarding earnings, results show that Six Sigma firms have significantly higher return on equity (ROE)
before implementation compared to matching firms. Three years prior to implementation, the median
ROE is 16.31% for Six Sigma firms, which is significantly higher than 11.42% for matching firms (significant
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at the 1% level). The difference in ROE declines after implementation, dropping to a lowest of 1.74%
difference in year 4; but the difference increase to 3.69% in year five, which is at par with the level during
the implementation year. The remaining profitability measurements remain relatively at the same level
throughout the years, where any differences with the matching firms has no statistical significance.

Finally, labor wise, the median difference in growth of staff levels declines immediately after
implementation during the next five years. During the same period, Non-Six-Sigma companies experience
a positive growth. Within the implementation year, Six-Sigma companies reduced staff by 1.23%
(significant at the 10% level) in comparison to the matching firms, and by 2.46% and 2.25% over years 1
and 2 (significant at the 5% and 1% repetitively). All other differences in labor productivity are non-
statistically significant.

Quite surprisingly, there is not supporting evidence suggesting improved efficiencies across the board post
implementation of Six Sigma, as it would be expected given the high costs of going through Six-Sigma
trainings. For example, although a staff reduction over the implementation of Six-Sigma is perhaps
expected in order to reduce redundancies and increase productivity, thereby increasing profits; the
evidence does not support this scenario. At best, performance remains relatively stable post
implementation of Six-Sigma processes.

4.2 Robustness Checks

Based on the prior section, our findings are in line with other studies that suggest that labor productivity
comes at the price of overworked employees, due to a reduction of staff members (Abernathy, 1978;
Tushman and O’Reilly, 1996; Benner and Tushman, 2002, 2003; Naveh and Erez, 2004; Bilgili, et al., 2013).
By the same token, we don’t find any supporting evidence of a cost-saving feature of Six-Sigma (as
reported by Dorgan and Dowdy, 2004 or Braunscheidel et al. (2011)), since neither of the expense or cost
ratios are statistically better than those for the matching firms.

Partially consistent with Swink and Jacobs (2012), when assessing adjusted performance, we do find mild
evidence of a positive long-term effect on ROE post adoption (10% significance at best after year 3), but
we fail to find a statistical significantly effect on ROA. The authors find that Six Sigma adoption provides
strong evidence of a positive impact on ROA, but the Wilcoxon test reported in this paper suggest that any
yearly effect on ROA during the window [-3, +5] is of no statistical significance.

Therefore, we include further tests, as a robustness check. We start by differentiating between two event
windows, [-3,-1] and [1,5], to account for full pre- and post-implementation periods rather than yearly
performance. We first look at the whole sample and compare the ratios pre- and post-training while also
comparing the 108 Six-Sigma companies to the matching 108 companies based on a differences-in-mean-
ratios test. Then, we reduce the sample to account for only the eighty-five companies that introduced Six-
Sigma at the corporate-wide level. And finally we provide evidence regarding the difference between
early and late adoption of Six-Sigma practices, also adjusted for size and industry.
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4.2.1 Operating Performance Across all Six-Sigma Firms

Table 4 shows the results of the difference-in-mean tests for pre- and post-Six Sigma implementation.
Panel A summarizes the pre- and post-implementation average cumulative ratios as well as any average
improvement/decline ex-post with its corresponding t-test. Panel B and Panel C then summarize the pre-
and post- ratio values and their comparison with the industry- and size-adjustment, with a t-test for the
difference in performance.

[TABLE 4 ABOUT HERE]

Rapid inspection shows that the only statistically significant difference in both performance before and
performance after implementing Six-Sigma is given in labor productivity. Pre- and post-Six Sigma
difference in staff level growth is -9.12%, significant at the 1% level. Moreover, after implementation, the
employment productivity ratio, revenue to number of employees, is 169.34 higher than before
implementation, significant at the 5% level. Thus, as expected, Six Sigma implementation reduces the
number of employees but increases employee productivity.

On the other hand, when compared to the industry- and size-matched firms, difference in liquidity and
labor productivity are both significant. Looking at the liquidity ratios, although there is not a statistically
significant improvement when comparing the Six-Sigma firms to themselves, both Panel B and Panel C
show, at all times, that Six-Sigma firms are less liquid than the Non-Six-Sigma firms. In regards to labor
productivity, however, the only statistical differences are in (1) growth in staff post implementation, where
matching firms have an 8% higher growth rate (statistically significant at the 5% level), and (2) in over-
employment proxy, total assets by number of employees, where matching firms have a positive
difference of 1,043.99 (statistically significant at the 10% level).

4.2.2 Operating Performance for Company Wide Implementation

The most common form of Six Sigma implementation is done at the companywide level. Most of the one-
hundred-eight companies in the Six Sigma sample are committed at the corporate level =85 companies.
These companies can be regarded as more committed than those limited to implementing Six-Sigma at
business units, pilot projects, or belt projects. Like in the prior section, Table 5 provides summary results
of the difference in means test between pre- and post-implementation periods and against the matching
firms. Overall, the results are similar to those found earlier.

[TABLE 5 ABOUT HERE]

Comparing the Six-Sigma firms to themselves, there are three different effects: (1) the quick ratio is now
improved by 0.11 after the implementation process (more than the full sample), (2) growth in staff levels
declined by 11.12% (more than the full sample), and (3) employee productivity increased by 135.12 (less
than in the full sample). Moreover, also consistent with the prior section, liquidity and labor productivity
continue to be of statistical difference between Six-Sigma and Non-Six-Sigma firms. Liquidity remains
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better for the matching firms across all measures, while growth in staff post-implementation continue to
decrease, in this case by 11.17% (more than in the full sample).

Pre- and post-Six Sigma performances compared to matching firms are overall similar to the full sample
with the sole exception of inventory turnover ratio. The ratio for all 108 Six Sigma companies did not
show any statistical difference when compared to matching firms. Limiting our study to the 85 companies
that implemented Six Sigma corporate-wide results in a 59.77 reduction in inventory turnover post-
implementation, statistically significant at 5%.

4.2.3 Operating Performance of Before and After the 2000’s

The earliest implementation of the 108 Six Sigma companies was 1987. But most companies
implemented it in the 1990s and 2000s, where the median implementation date is 2001. To account for
early implementation and look for advantages of early movers, the sample can be split into companies
that implemented before 2001 and firms that implemented after 2001. Table 6 Panel A shows the mean
results of early movers while Panel B shows mean results of late implementers.

[TABLE 6 ABOUT HERE]

The results for early movers are consistent with our finding from the prior sections. There is a significant
difference in liquidity when comparing Six-Sigma firms with their adjusting firms, suggesting that the
latter are more liquid regardless of the period. But said significance banishes for late adopters thought
the sign of the difference remains the same. As for labor productivity, the negative growth rate after
implementing Six-Sigma continues to exist and it is consistent pre and post 2001. Additionally, the
negative growth continues to also be present post adoption of Six-Sigma practices when comparing the
108 firms to the matching firms.

The only significant difference is present for gross-profit-margin during the pre-2001 period. The
evidence suggests that the mean gross profit margin of firms that implemented Six Sigma before 2001 is
6.58% lower than matching firms prior to implementation (significant at the 5% level). This ratio gap
closes to -5.52% after implementation (statistically significant at 10%). This, however, is not true for the
after-2001 period where gross-profit-margin seems to be higher for Six-Sigma companies, although the
difference is of no statistical relevance.
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5. SUMMARY AND CONCLUSIONS

In an effort to remain competitive, process improvement has become a strategic imperative for
companies. The Six Sigma primarily used on the shop floor has improved firms” manufacturing processes.
In recent years, however, Six Sigma Methodology has proven to be successful in other functional areas,
including sales and marketing, supply chain management, accounting, and finance. Current financial
reporting procedures of most companies contain numerous errors, excessive cycle times, duplicated data
entry, and additional costs due to inefficient processes. Specifically, Six Sigma is one tool that could
enable finance departments to streamline their financial reporting process, as described in this case
study. The purpose of this paper was to explain how Six Sigma Methodology was applied and
implemented within the finance function of a major division within a defense contractor. The Six Sigma
DMAIC Methodology was used to streamline the ‘Continuing Account Reconciliation Enhancement’
process. The team followed the five phases of DMAIC in this project and the result was a significant
reduction in errors, cycle times, and costs associated with preparing financial reports. The potential
impact of cycle time reduction on both internal and external customer satisfaction was not measured in
this study but could be incorporated into future research. Lessons learned from this case study are as
follows:

1. Lack of standardize, clearly documented, and agreed upon processes inevitability leads to variability
which results in confusion and adds labor cost.

2. Maintaining a single centralized database (verse multiple databases) can reduce systems maintenance
costs, data duplication, and overall processing cycle times.

3. Six Sigma Methodology can be successfully applied in business functions and services other than
manufacturing operations.

More in depth case studies are needed in the future to specify the contingent conditions under which Six
Sigma may or may not be optimally deployed. The success of Six Sigma Methodology implementation
ultimately depends on executives’ continuing commitment to the program. To sustain improvement in
the future, the processes and their associated metrics must be simple, transparent, understood, and
accepted by all parties involved. Otherwise, none of it will be of any use, as people will not follow them,
trust them, or use them.

Six Sigma is not just another project management initiative or process improvement program. It is more
than that because it is a robust continuous improvement strategy which affects the bottom-line of the
company. The market environment forces companies to utilize quality improvement methodologies and
innovation programs as the key processes which helps to create the company profit. An improvement or
innovation project has to be properly assessed during the regular milestone review. The milestones are in
case of Six Sigma related to DMAIC steps usually. The financial criteria plays the important role in the
project assessment to distinguish the potentially beneficial projects. The projects which are not on the
way to bring the benefit have to be analyzed properly and the final decision has to be made whether to
get project back on track or to close the project in order to avoid the resources are wasted. Financial
department plays the irreplaceable role in this process and it is necessary to involve the financial experts
from the beginning into the project. The introduction of a multi- disciplinary approach requires the
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establishment of the process to evaluate the project development in the structured way as outlined in
this paper.

Pre- and post-Six Sigma performances of 108 Fortune 500 firms have been comprehensively analyzed.
Market adjusted as well as buy-and-hold abnormal returns were analyzed to determine if Six Sigma
companies outperformed the market. Findings show that though Six-Sigma companies outperform the
market, given by both positive mean abnormal returns and mean buy-and-hold returns, they do not
necessarily outperformed companies matched by size and industry. We find a positive difference
between long-run stock returns from Six-Sigma firms and their adjusted counterparts; but said difference
only appears four years after the adoption of Six-Sigma, thereby questioning the direct causality of such
over-performance of Six-Sigma firms. This unexpected finding may be perhaps attributed to intense
competition within the respective industries.Moreover, improvements in operating performance of
companies that implemented Six Sigma were investigated by examining fourteen ratios dealing with
liquidity, activity, management, earnings, and labor. Improved results and better performance were
expected. Even though Six Sigma companies show statistically significant improved performance in some
of those five areas, they suffered by comparison to matching firms. The only performance variable that
compares favorably with matching firms is a decrease in staff. This finding may contribute to
understanding the reasons that underlie the so-called jobless recovery.The findings suggest that
managers may be using Six-Sigma solely as a signaling to investors and customers that they are
committed to improving quality, which reduces agency costs; indeed management efficiency ratios are
usually better for Six-Sigma firms, but said difference is of no statistical significance. But this is done at the
expenses of billions of dollars committed to Six-Sigma training. And we do not find supporting evidence
that any possible savings, proxied by a decrease in labor redundancies, carries out across the board
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Appendix A

A.l1. Liquidity Analysis

The current ratio is a liquidity ratio that measures a firm’s ability to pay short-term
obligations. A higher current ratio indicates more capability to meet obligations. A current ratio
of less than one indicates that a firm would be unable to pay its obligations if these legal
responsibilities came due at once. The quick ratio measures a firm’s ability to meet its short-term
obligations with its most liquid assets. A higher quick ratio indicates a better financial position.

Net working capital is a measure of a firm’s efficiency and its short-term financial health.

A.2. Activity Analysis

Activity analysis ratios measure the efficiency with which a firm’s resources have been
employed. The asset turnover ratio measures a firm’s efficiency in using its assets to generate
revenue. A higher asset turnover ratio indicates greater efficiency. The accounts receivable
turnover ratio quantifies a firm’s effectiveness in extending credit as well as collecting debts. The
inventory turnover ratio shows the periodic frequency that a firm’s inventory is sold and
replaced. High levels of inventory are financially unhealthy since investment with a rate of return
of zero. High levels of inventory also expose a firm to the risk that prices will fall. Since Six Sigma
is centered on process improvement, implementation is expected to improve these activity

ratios.



A.3. Management Efficiency

Operating efficiency measures such as the cost-to-income ratio and expense-to-asset ratio
are used as proxies for management efficiency’. Lower calculated ratios inversely reflect higher
management efficiency. Because of centered emphasis on process improvement, management

of Six Sigma firms is expected to be more efficient after than before implementation.

A.4. Earnings Ability (Profitability)

Six Sigma is expected to result in lower costs and fewer defects that require rework or scrap.
Therefore, profitability of Six Sigma firms is expected to rise following implementation. Gross
profit margin and return on assets (ROA) are measures of profitability. However, a number of
concerns lead to arguments that ROA is biased upward. Consequently, return on equity (ROE) is

an alternative measure of profitability. Higher ratios indicate improvement in performance.

A.5. Labor (Growth in Staff Levels and Employee Productivity)

To determine whether significant changes in employment and labor productivity ensue from
implementation of Six Sigma, three labor-related ratios are analyzed®. The ratio of asset-to-
number of employees can be used as a proxy for overstaffing. Growth in staff levels can be
analyzed to determine whether Six Sigma firms reduced staffing after implementation. The ratio
of total revenue-to-number of employees can be used to measure employee productivity. Due
to greater emphasis on process improvement and lower costs, Six Sigma firms are more likely to

reduce employment and improve employee productivity after implementation.



Table 1: Summary of Financial Ratios

Operating
Performance
Measurement

Ratios

Definition

Liquidity analysis

Activity analysis

Management efficiency

Earnings ability

Labor

Current

ratio Quick

ratio

Net working capital ratio

Total assets turnover ratio

Accounts receivable turnover

ratio Inventory turnover ratio

Cost-to-income

Expense-to-assets

Gross profit margin

Return on asset

(ROA) Return on

equity (ROE)

Curren tassets

current liabilities

Curren tassets - Inventories

current liabilities

Current assets - Current
liabilities

Total Assets

Sales

Average total assets

Sales

Average accounts receivable

Cost of goods sold

Average inventories

Operating expenses

operating income

Operating expenses

average assets

Net profit

Revenue
EBIT

Average shareholders equity

EBIT(1 - Tax)

Average shareholders equity



Growth in staff levels % change in the number of employees

Revenue
Employee
Number of
productivity Over employees

Total assets

employment proxy Number of

employees

Tables 1



Table 2: Long-Term Stock Returns

Table 2 shows three types of mean monthly returns for 108 Fortune 500 firms that have implemented Six
Sigma, as well as a comparison to size- and industry-matched firms. All returns are estimated based on different
windows to account for pre- and post-

Hﬁlemeqtgp%r}?of Six-Sigma. Panel A shows mean abnormal returns, a\r/]vcflw_irl]%ﬁ]anel B shows mean buy-

R)=

i N ti,T

éga%répglorne{gr{hsé E(ARBAH) = E(TTT(1 + R ) - TIT(1 + RS&P500)): abnormal returns are the excess returns in

[ t i, Tt T

S&P500. Finally, for robustness, Panel C reports unadjusted returns.

Panel A: Market-adjusted
returns

Six Sigma Firms

Industry & Size Matched Firms

In Ditterenc
ow e
Mean % Mean CAR %
CAR Positive Positive
-36-0 21.23 68% 31.19 76% -9.96
(3.205)** (9.366)*** (-0.9407)
*
-24-0 13.09 64% 22.68 75% -9.59
(2.401)** (9.255)%** (-1.1674)
*
-12-0 6.42 62% 10.60 70% -4.18
(1.999)** (7.147)*** (-0.6208)
0-12 9.36 70% 12.74 73% -3.38
(3.608)** (8.478)*** (-0.6506)
*
0-24 19.65 76% 25.35 83% -5.70
(4.814)** (11.917)** (-1.0602)
* *
0-36 26.79 74% 29.18 81% -2.39
(4.412)** (11.141)** (-0.4902)
* *
0-48 38.98 82% 29.64 76% 9.34
(6.021)** (9.588)*** (0.9419)
*
0-60 46.86 82% 35.61 79% 11.25
(6.021)** (10.475)** (-0.8140)
* *
Panel B: Buy and hold returns
Six Sigma Firms Industry & Size Matched Firms
In Ditterenc
ow e
Mean % Mean BAH %
BAH Positive Positive
-36-0 22.00 58% 39.54 68% -17.54
(1.194) (6.529)%** (-0.9407)

Tables



-24-0

-12-0

0-12

0-24

0-36

0-48

0-60

15.24
(0.591)
8.53
(1.395)*
7.48
(2.602)**
15.89
(3.406)**
*

24.24
(3.004)**
*

40.23
(4.010)**
*

48.34
(4.010)**
*

55%

59%

65%

69%

67%

72%

72%

29.94
(7.480)***
12.39
(5.816)***
13.73
(7.147)%**
30.91
(10.808)**
*

36.51
(8.922)%**

37.64
(6.925)%**

51.53
(7.036)***

70%

66%

70%

80%

74%

69%

69%

-14.70
(-1.1674)
-3.86
(-0.6208)
-6.25
(-0.6506)
-15.02
(-1.0602)

-12.27
(-0.4902)

2.59
(0.9419)

-3.19
(0.8140)

- Table 2 Continues -
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- Table 2 Continued -

Panel C: Unadjusted

roatirne
CLurti’is

Six Sigma Firms

Industry & Size Matched Firms

window gmerenc
Mean % Mean %
Return Positive Return Positive
-36-0 50.81 74% 57.35 77% -6.54
(3.324)*** (8.218)*** (-0.1669)
-24-0 30.09 69% 41.59 77% -11.50
(2.308)** (7.995)*** (-0.5680)
-12-0 14.09 68% 21.02 75% -6.93
(2.105)** (7.549)*** (-0.6068)
0-12 11.75 60% 19.12 77% -7.37
-0.48 (8.106)*** (-0.4552)
0-24 26.95 75% 41.88 78% -14.93
(3.527)*** (8.329)*** (-0.4773)
0-36 35.42 73% 52.87 76% -17.45
(3.1272)*** (7.772)*** (-0.5719)
0-48 52.41 74% 56.75 73% -4.34
(3.324)*** (6.770)*** (0.1151)
0-60 66.23 72% 70.53 75% -4.30
(2.917)*** (7.438)*** (0.3417)

*** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10%
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Table 3: Operating Performance Measures

Table 3 describes median operating performance of Six Sigma firms and the comparison firms. Operating performance is analyzed based on 14
financial ratios to assess Liquidity Analysis, Activity Analysis, Management Efficiency, Earnings Ability, and Labor (employment levels and labor
productivity) Performance. Panel A presents the ratios of the Six Sigma firms while Panel B presents the ratios of the industry and size matched firms.
Panel C then shows the z-statistics for the Wilcoxon signed rank test of differences in median between two samples.

Liquidity Analysis Activity Analysis Earnings Ability Labor
Management
Efficiency
Yea cyrren  Quic Net tAsse A/R Iynventor Cost- Expense  Gros Growth Employe Over
r k to- - s in e
Rati Rati \gNorkm Turnover Turnover incom  to- l\;;?ﬂit ROA RO Staff Productivit Emplciymen
o o] Capital Turnover e assets n & E Levels v Proxy
Panel A: Median Ratios of Six Sigma
Firms
-3 1 073 0.09 0. 5.89 6.41 4.92 0. 29.5 4.28 16.31% 0.95% 223.7 304.5
. 8 71 2% % 0 9
3 6
3
-2 1 077 0.08 0. 5.95 6.18 5.29 0. 30.0 3.80 16.55% 1.77% 2219 318.6
. 8 73 1% % 6 5
3 9
1
-1 1 075 0.08 0. 5.67 6.59 5.36 0. 28.6 3.70 14.66% 2.53% 241.9 350.9
. 8 70 3% % 6 4
2 5
6
0 1 075 0.10 0. 5.84 6.54 5.26 0. 28.7 3.49 14.44% 0.00% 239.5 375.4
. 8 66 0% % 4 9
3 0
0
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1 0.78 0.08 0. 5.90 7.05 5.58 0. 28.2 3.59 14.58%  -0.58% 254.0 402.4
. 8 66 6% % 1 7
3 0
0
1 077 0.09 0. 5.82 7.54 5.82 0. 28.2 3.45 15.21%  -0.33% 260.0 423.9
. 8 73 7% % 8 4
2 4
9
1 0381 0.09 0. 6.06 8.03 5.75 0. 28.1 3.01 14.99% 0.00% 284.3 415.8
. 7 67 6% % 4 0
3 8
5
1 0.80 0.09 0. 6.02 7.86 5.80 0. 28.8 2.93 13.78% 0.44% 290.9 451.8
. 7 63 5% % 5 3
3 7
3
1 0.83 0.08 0. 6.14 8.19 5.71 0. 28.8 3.85 15.43% 0.96% 310.5 450.9
. 8 69 4% % 3 5
3 1
6
Panel B: Median Ratios of Industry and Size Matched Firms
-3 1 092 0.16 0. 5.54 5.45 5.12 0. 32.7 3.04 11.42% 2.19% 245.8 406.4
. 7 65 0% % 8 9
5 7
1
-2 1 0.89 0.14 0. 5.70 6.08 5.55 0. 29.6 3.19 11.71% 2.68% 242.7 374.6
. 7 65 6% % 7 7
4 4
9
-1 1 092 0.12 0. 5.40 6.27 5.99 0. 29.2 3.20 11.23% 1.92% 228.3 367.4
. 7 66 6% % 4 8
3 8
8
1 0.89 0.09 0. 5.21 5.45 6.08 0. 295 311 11.70% 1.23% 236.2 371.8
. 6 61 5% % 2 8
4 9 Tables



N U1,

0.86

0.83

0.90

0.93

0.91

0.12

0.10

0.14

0.12

0.12

oomw?®

5.77

5.87

5.78

6.17

6.04

6.34

6.07

6.32

5.98

6.97

6.12 0.
67
6.57 0.
64
4.78 0.
65
5.15 0.
68
5.56 0.
67

29.2
0%

29.6
4%

29.3
2%

30.3
6%

30.9
7%

2.92
%

3.37
%

3.81
%

4.26
%

3.77
%

10.64%

11.70%

12.20%

12.04%

11.73%

1.87%

1.91%

1.23%

1.11%

0.54%

253.6

290.5

304.5

311.8

325.7

419.4

448.0

472.6

492.4

451.3
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Panel C: z-statistics for difference in median performance (Six Sigma - Industry and Size
Matched Firms)

. 1.843*
- -1.505

1 1.951*

( -1.503

© 1.981*
*

. -1.611

0 -1.622

. 2.137*

*

-1.355

-2.555 -1.582 1.435 0.349
- -1.477 1.269 0.148
1.95%**
- -2.359** 0.707 0.545
2.190**
-1.763* -1.293 1.032 0.801
-1.489 -1.771* 0577 -
0.118
-0.985 -0.974 0.702 -
0.066
-1.347 -1.296 0.803 0.169
-1.469 -1.593 0.390 -
0.370
-1.185 -1.042 0.552 0.106

1.347
1.039
0.853

1.553

1.236
1.253

1.802
*

1.858

*

1.561

0.252

-0.350

-0.971

-0.448

-0.025

0.123

0.475

0.044

-0.013

1.24
7
0.97
1
0.51
0
0.88
1

0.56
1
0.77
1
0.77
3

0.46
3
0.51
7

-0.283

0.344

0.284

-0.540

-0.539

-1.191

-1.402

-1.214

-1.018

1.377

0.653

0.801

0.842

0.958

-0.044

-1.158

-1.439

-0.424

3.182**
*
2.710**
*
2.344**

3.208**

*

3.523%*
*
1.978**

1.724*

0.537

1.820*

-0.671

-1.466

0.064

-1.656*

-2.197**

-2.696***

-1.380

-0.613

0.344

-0.470

-0.086

-0.009

0.313

0.079

0.130

0.071

-0.065

0.250

-1.582

-0.892

-0.483

-0.392

-0.223

-0.149

-0.297

-0.213

-0.051

*** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10%
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Table 4: Differences in Means Pre- and Post-Six-Sigma Adoption Including Comparison Firms

Table 4 shows the pre- and post-Six Sigma mean ratios and the difference in means performance for both periods. Pre-Six Sigma ratios are calculated
over the window [-3, —-1] years, while post-Six Sigma mean ratios are calculated over the window [+1, +5] years; this is done in order to eliminate the
actual implementation year and focus on the effects. Panel A summarizes the pre- and post-Six-Sigma effects and the test for differences in mean
performance. Panel B and Panel C then compares the performance pre- and post- implementations to the matching firms. T-statistics are reported
for all differences in means tests.

Panel A: Overall Six Sigma Panel B: Pre-Six Panel C: Post-Six
Ratio Mean Sigma Sigma
Operational Performance Relative Performanc Relative Performance
[+1, +5] [-3,-1] Differenc t- Six Match Differenc t- Six M Differenc t-
e statistic  Sigma e statistic ~ Sigma at e statistic
ch
Current Ratio 1.37 1.33 0.04 0.529 1.33 1.65 -0.32 - 1.37 1.64 -0.27 -
2.983** 3.085**
* *
Quick Ratio 0.89 0.80 0.08 1.377 0.80 1.06 -0.25 - 0.89 1.10 -0.21 -2.566**
3.268**
*
Net Working Capital 0.10 0.09 0.01 0.275 0.09 0.14 -0.05 - 0.10 0.13 -0.03 -1.832*
2.231**
*
Asset Turnover 1.01 1.01 0.00 -0.008 1.01 0.88 0.13 1.168 1.01 0.85 0.15 1.144
A/R Turnover 8.11 8.19 -0.08 -0.046 8.19 8.76 -0.57 -0.434 8.11 22.14 -14.03 -1.555
Inventory Turnover 50.32 46.45 3.87 0.112 46.45 35.34 11.11 0.249 50.32 94.32 -44.00 -0.929
Cost-to-income 7.46 7.30 0.16 0.096 7.30 -5.19 12.49 1.145 7.46 7.48 -0.03 -0.367
Expense-to-assets  0.89 0.88 0.01 0.068 0.88 0.77 0.12 1.037 0.89 0.74 0.15 1.146
Gross Profit Margin  34.56% 35.08% -0.52% -0.191 35.08% 34.58% 0.51% 0.209 34.56% 35 -1.42% -0.255
9
8
%
ROA 350% 4.07% -0.57% -0.733 4.07% 0.98% 3.08% 1.513 3.50% 4.10% -0.60% -0.523
ROE 10.71% 9.08%  1.64% 0.270 9.08% 0.86% 8.22% 0.986 10.71% 11 -0.59% 0.029
3
0

%
Tables



Growth in Staff 2.93% 12.05% -9.12% -

Levels 2.611**
*

Employee 517.30 347.96 169.34 2.218**

Productivity

Over Employment  1276.39 836.67 439.72 1.528
Proxy

12.05%

347.96

836.67

206.90
%

545.92

1880.6
6

-194.84% -1.082

-197.97

-1043.99

-1.247

-1.747*

2.93%

517.30

1276.39

10
9
4
%
47
3.
88
17
76
A
8

-8.00%

43.41

-499.79

-2.205**

0.332

-1.152

*** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10%.

Tables



Table 5: Differences in Means for Pre- and Post-Six-Sigma Adoption at the Company-Wide Level Including Comparison Firms

Table 4 shows the pre- and post-Six Sigma mean ratios for the 85 companies reported to have implemented Six-Sigma at the company-wide level, as
well as the difference in means performance for both periods. Pre-Six Sigma ratios are calculated over the window [-3, -1] years, while post-Six Sigma
mean ratios are calculated over the window [+1, +5] years; this is done in order to eliminate the actual implementation year and focus on the effects.
Panel A summarizes the pre- and post-Six-Sigma effects and the test for differences in mean performance. Panel B and Panel C then compares the
performance pre- and post- implementations to the matching firms. T-statistics are reported for all differences in means tests.

Panel A: Overall Six Sigma Panel B: Pre-Six Panel C: Post-Six
Ratio Mean Sigma Sigma
Operational Performance Relative Performanc Relative Performance
[+1, +5] [-3,-1] Differenc t-  Six Match Differenc t- Six M Differenc t-
e stati  Sigma e statistic Sigma at e statistic
stic ch
Current Ratio 1.37 1.30 0.07 0.977 1.30 1.73 -0.43 - 1.37 1.68 -0.31 -
3.214%** 3.246**
* *
Quick Ratio 0.88 0.78 0.11 1.745* 0.78 1.06 -0.28 - 0.88 1.12 -0.24 -
3.628** 2.783**
* *
Net Working Capital 0.10 0.08 0.01 0.666  0.08 0.15 -0.07 - 0.10 0.14 -0.04 -2.110**
2.972%*
*
Asset Turnover 0.99 1.00 -0.01 -0.120 1.00 0.93 0.08 0.736 0.99 0.88 0.11 1.014
A/R Turnover 7.24 7.43 -0.19 -0.145 7.43 9.65 -2.22 -1.121 7.24 27.67 -20.43 -1.521
Inventory Turnover 15.14 13.40 1.74 0.383 13.40 44.85 -31.45 -1.170 15.14 74.92 -59.77 -1.969**
Cost-to-income 6.87 6.97 -0.09 -0.050 6.97 -12.09 19.05 1.060 6.87 8.33 -1.45 -0.711
Expense-to-assets ~ 0.87 0.87 0.00 -0.035 0.87 0.81 0.06 0.611 0.87 0.76 0.11 1.004
Gross Profit Margin  33.01% 33.67% -0.66% -0.217 33.67% 33.55% 0.12% 0.040 33.01% 35 -2.71% -0.862
7
2
%
ROA 334% 4.12% -0.78% -0.834 4.12% 3.06% 1.06% 1.063 3.34% 3.84% -0.50% -0.611
ROE 13.26% 7.16% 6.10% 0.857 7.16% 291% 4.25% 0.308 13.26% 9.50% 3.76% 1.230
Growth in Staff 2.14%  13.26% -11.12% - 13.26% 240.06 -226.79% -1.069 2.14% 13 -11.17% -2.397**
Levels 2.5 % 3
64* 2
* %
Employee 430.45 295.33 135.12 2.2 295.33 533.56 -238.26 -1.379 430.45 46 -35.79 -0.452
Productivity 39: 263-

Tables



Over Employment 819.84 603.78 216.06 1.222 603.78 1483.8 -880.03 -1.402 819.84 13 -519.51 -1.567
Proxy 1 32

5

*** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10%.
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Table 6: Difference in Mean Test for Firms That Implemented Six Sigma Before and After 2001

Table 4 shows the pre- and post-Six Sigma mean ratios for the 85 companies reported to have implemented Six-Sigma at the company-wide level, as
well as the difference in means performance for both periods. Pre-Six Sigma ratios are calculated over the window [-3, -1] years, while post-Six Sigma
mean ratios are calculated over the window [+1, +5] years; this is done in order to eliminate the actual implementation year and focus on the effects.
Panel A summarizes the pre- and post-Six-Sigma effects and the test for differences in mean performance. Panel B and Panel C then compares the
performance pre- and post- implementations to the matching firms. T-statistics are reported for all differences in means tests.

Panel A: Performance Before

2001
Panel A: Overall Six Sigma Panel B: Pre-Six Panel C: Post-Six
Rati Mean Operational Sigma Relative Sigma Relative
atio - Performance Performance Performance
[+1, [-3,-1] Differenc t-statistic Six Match Differenc t- Six Match Differenc t-
+5] e Sigma e statistic Sigma e statistic
Current Ratio 1.2 1.26 0.01 0.102 1.26 1.68 -0.42 -2.406**  1.27 1.59 -0.32 -
7 2.863**
*
Quick Ratio 0.7 0.76 0.02 0.278 0.76 1.05 -0.28 - 0.78 1.04 -0.26 -
8 2.774%* 2.723%**
* *
Net Working Capital 0.0 0.08 0.00 -0.192  0.08 0.14 -0.06 -2.206**  0.08 0.13 -0.05 -
8 2.067**
*
Asset Turnover 1.0 1.03 -0.02 -0.133  1.03 0.89 0.15 1.2601 1.02 091 0.11 0.6665
2
A/R Turnover 5.8 5.62 0.19 0.266 5.62 9.02 -3.40 -1.5353 5.81 20.77 -14.97 -1.1609
1
Inventory Turnover 14. 12.18 2.05 0.628 12.18 39.14 -26.96 -0.8339 14.23 13.77 0.46 0.1082
23
Cost-to-income 6.7 7.28 -0.58 -0.180 7.28 -8.50 15.78 0.7137 6.70 0.80 5.90 -0.6733
0
Expense-to-assets 0.9 0.92 -0.01 -0.105 0.92 0.78 0.14 1.2187 0.90 0.80 0.10 0.6456
0
Gross Profit Margin 27. 27.93% -0.84% -0.295 27.93% 34.51% -6.58% -2.013**  27.08% 32.60 -5.52% -1.745*
08 %
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ROA

ROE

Growth in Staff Levels
Employee Productivity

Over Employment
Proxy

%
2.1 3.03%
9%
11. 0.18%
36
%
2.6 13.57%
7%
353 251.53
.98
708 470.88
.68

-0.83%

11.19%

-10.90%

102.45

237.80

-0.574

0.856

2.024**
1.628*

1.050

3.03% 0.29%
0.18%  -2.71%
13.57% 185.91
%
251.53 516.84

470.88 2085.3
3

2.74%

2.89%

-172.34%

-265.31

-1614.46

0.6955

0.1523

-0.6786

-1.2796

-1.4565

2.19%

11.36%

2.67%

353.98

708.68

2.37% -0.18%

5.85% 5.51%

18.35 -15.68%
%
366.7 -12.73
0
741.3 -32.68
6

-0.1514

1.2227

-1.734*

-0.1546

-0.1150

- Table 6 Continues -
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Panel B: Performance After
2001
Panel A: Overall Six Sigma Panel B: Pre-Six
) Mean Operational Sigma Relative
Ratio Performance Performance
[+1, +5] [-3,-1] Differenc t- Six M Differenc t-
e statistic Sigma at e statistic
ch
Current Ratio 1.43 1.37 0.06 0.566 1.37 1.77 -0.40 -
2.2061*
*
Quick Ratio 0.95 0.83 0.12 1.458 0.83 1.07 -0.24 -
2.3445%*
*
Net Working Capital  0.11 0.10 0.01 0.462 0.10 0.14 -0.04 -1.4686
Asset Turnover 1.00 0.99 0.01 0.063 0.99 0.83 0.16 1.1239
A/R Turnover 9.64 9.79 -0.15 -0.055 9.79 9.92 -0.13 -0.0430
Inventory Turnover  76.28  70.50 5.78 0.098 70.50 55.12 15.38 0.3177
Cost-to-income 7.97 7.31 0.66 0.364 7.31 - 25.80 1.1540
1
8.
4
9
Expense-to-assets 0.88 0.86 0.02 0.133 0.86 0.72 0.13 0.9729
Gross Profit Margin 39.67% 39.78% -0.11% -0.028 39.78% 36 3.46% 0.8753
3
2
%
ROA 439% 4.75% -0.37% -0.431 4.75% - 6.45% 1.6225
1.
69
%
ROE 10.27% 14.92% -4.65% -0.921 14.92% - 23.14% 1.3616
8.
22
%
Growth in Staff Levels 3.11% 11.04% -7.92% -1.715* 11.04% 28 -274.61% -1.0451
5.6
5%
Employee Productivity 628.77 413.28 215.49 1.811* 413.28 64 -234.38 -1.0853
7.
66
Over Employment 1663.87 1084.46 579.40 1.285 1084.46 30 -1962.96 -1.7106*
Proxy 47
4




*** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10%.






