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According to Peter Drucker, “Profit is not the
explanation, cause or rationale of business behavior
and business decisions, but the test of their validi-
ty.”1 This test can also be adopted when evaluating
the benefits of quality initiatives in a broad econom-
ic sense. We believe Six Sigma has become popular
precisely because it applies this test and delivers
measurable, tangible economic benefits. Managers
from companies engaged in Six Sigma activities can
produce solid data showing improved quality leads
to reduced costs, better customer satisfaction and
improved bottom-line profitability.  

ECONOMIC CASE FOR QUALITY

In 50 Words
Or Less

• To explain the economic benefits of Six Sigma,

Black Belts (BBs) and Green Belts (GBs) must

speak the language of upper management.

• One way to get management to listen is to use a

managerial accounting framework appropriately

modified to the quality context.

Six Sigma and the
Bottom Line
by Søren Bisgaard and Johannes Freiesleben

he ultimate quality award is improved bot-
tom-line profitability. Satisfied customers
come back for more and encourage business

associates, family and friends to do the same. It is
the vote of the customers, not that of an awards
committee or certification board, that counts. In
today’s competitive business environment, initia-
tives must justify themselves economically. 

T



The cost of poor quality (COPQ) is commonly
used in industry as a key criterion for the selection
and evaluation of Six Sigma projects. For example,
Black Belt (BB) projects typically save $250,000 or
more, and Green Belt (GB) projects frequently yield
savings in the $50,000 to $75,000 range.2 Such fig-
ures are impressive when taken by themselves;
their influence on a company’s overall profitability
and economic health is even more impressive
when they’re viewed in aggregate and in the wider
context of the company’s other economic figures. 

The economic effects of Six Sigma need to be
evaluated relative to a company’s overall cost
structure and revenues. This can be done through a
managerial accounting framework appropriately

modified to the quality context. Such a framework
will help quality professionals, including GBs and
BBs, speak the language of upper management.3

The Economic Framework
To better understand the framework, consider

a company that produces a single product and
employs production workers, a technical support
group, marketing staff and managers. 

A simplified version of the firm’s managerial
accounting system is shown in Table 1. The pur-
pose of this deliberately simplified example is to
provide an illustration of the general relationship
between sales, variable and fixed costs and profit
that we will use to study the economic effects of
Six Sigma efforts.

During the past quarter, suppose the company
sold 1,000 products for $1,000 each, so the total sales
for the period were $1,000,000. To enable the compa-
ny to sell 1,000 products, it incurred variable costs
for raw materials, energy and direct labor totaling
$600,000. The difference between sales income and
variable costs is the contribution margin.

Fixed costs keep the plant running, pay managers
and, in the short term, do not change with produc-
tion volume. Suppose the fixed costs amount to
$350,000 per quarter. Thus, the company’s profit
(before the cost of capital and taxes) was $50,000. 

We can show the general economic relationship
between sales, variable and fixed costs in a break-
even diagram (see Figure 1). Sales in dollars are
plotted along the x-axis and profit/loss along the
y-axis. With zero sales, the company must bear the
total sum of the fixed costs as a loss. But, with cur-
rent sales of $1,000,000, the firm finished the quar-
ter with a profit of $50,000. 

To construct the diagram, we drew a straight line
between the two points (zero sales, fixed cost) and
(current sales, current profit). This line crosses the
x-axis at the break-even point of $875,000 where
sales exactly balance out fixed costs and produce
zero profit. 

This diagram allows us to graphically see the
relationship between key economic variables. The
steeper the slope, the larger the contribution mar-
gin relative to sales. A larger relative contribution
margin is a sign of better economic health. 
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Break-Even Diagram Based 
On Data in Table 1

FIGURE 1
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Quarterly Income StatementTABLE 1

Sales $ 1,000,000
Variable costs $ 600,000

Contribution margin $ 400,000
Fixed costs $ 350,000

Profit $ 50,000
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Economic Benefits of Six Sigma
The break-even diagram can be used to provide

insight into the economic effects of poor quality or,
when reversed, the economic benefits of Six Sigma
project savings. 

Suppose our company currently operates with
a defect rate of 10% and that scrap cannot be
reworked. (We will later relax this assumption.)
To ship 1,000 good products, we need to produce
1,000/0.90 = 1,111 units. But the variable cost of
$600,000 includes the cost of making scrap, and
scrap is usually as expensive to produce as good
products are. 

The unit variable cost is therefore not $600,000/
1,000 = $600. It is $600,000/1,111 = $540.054.
Because of our less-than-Sigma processes, we paid
a quality tax of 111 x $540.054 = $59,946 for what is
sometimes called the hidden factory. This tax is an
additional cost of producing useless products we
cannot sell.  

Now suppose we launch a successful Six Sigma
effort and, through one or several projects, manage
to achieve a Six Sigma defect level of 3.4 parts per
million. For simplicity, let’s equate that with zero
defects. At a minimum, the complete elimination of
defects will remove the cost of labor and materials
consumed by making the 111 scrapped products. 

Table 2 shows that when the $59,946 quality tax
is eliminated from the variable costs, the saved
money trickles directly down to the bottom line as
an increase in profit. In this case, the profit has now
more than doubled to $109,946. The 10% reduction
in operational costs produced a 120% increase in
profit. 

The effect of Six Sigma on the break-even dia-
gram is shown in Figure 2. The most important
observation is that the slope of the line is now
steeper. For the same sales volume ($1,000,000),
the profit is higher and the break-even point is
reduced to $760,959. Because of Six Sigma, the
business is now in healthier shape and better
protected against recessions and downturns.
And the higher relative contribution margin
means the company will make more money sell-
ing additional units. These are the types of eco-
nomic benefits that make Six Sigma so attractive
to upper management. 

That we can produce and sell more is based on
the assumption we are not already running at full
capacity and our customers are willing to purchase
more. The latter is a matter of market conditions
and typically beyond our control; however,
improved operational efficiency is not. In this case,
Six Sigma has increased the production capacity to
at least 1,111 products without running into capaci-
ty constraints and additional capital investments. 

Of course, we cannot count this as a financial
benefit unless we actually increase production vol-
ume. Nevertheless, it is of considerable economic
advantage to any firm. Money not spent on capaci-
ty expansion is money saved, a fact not lost on
owners and managers. In the context of Six Sigma,

Bottom Line Impact of Achieving
A Six Sigma Defect Level

TABLE 2

Sales $ 1,000,000
Variable costs $ 540,054

Contribution margin $ 459,946
Fixed costs $ 350,000

Profit $ 109,946

Impact of Reducing 
Internal Defect Rate

FIGURE 2
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this effect is sometimes known as cost avoidance
and is counted as soft dollars.4

The usual way to increase profit is to increase
sales, so it is interesting to note how much sales
need to be increased with the current 10% rate of
defects to achieve the same increase in profit as
when the company is attaining Six Sigma quality.
An approximate answer can be obtained from the
break-even diagram (see Figure 2, p. 59) by
extending the cost-profit line for the error prone

process to a point where it gives the same profit as
the zero defect process. 

After doing so, we see the sales volume needs to
be expanded to $1,149,000 to pay for the quality
tax—a 15% increase in sales! As high as that is, it is
likely an unrealistic underestimate because our sim-
ple extrapolation implies the sales increase does not
necessitate a larger sales force, an expanded pro-
duction capacity, an increased marketing effort or
more managerial overhead.  

Quality Improvement 
As an Investment

Thus far, we have ignored the costs of educating
the workforce in Six Sigma methodology and run-
ning Six Sigma projects. 

Money spent on eliminating root causes,
improving operational efficiency and education
usually benefits the firm beyond the current peri-
od, so these expenditures ought not to burden only
a single period. They should be amortized over
several. Money spent on Six Sigma should not be a
cost; it should be an investment. 

This may conflict with standard accounting prin-
ciples. Modern economists define technology not
as hardware and equipment, but as “the society’s
pool of knowledge regarding the industrial and
agricultural arts.”5 Because Six Sigma increases the
pool of knowledge and technology by continuing
to generate additional knowledge, it should be
considered an investment in technology on par
with regular investments in hardware.  

So how do we account for Six Sigma as a techno-
logical investment? Unfortunately, there is no single
accepted way to evaluate long-term investments
because it is difficult to calculate the time value of
money. It gets even more complicated if we bring 
in tax considerations. To keep it simple, we will
ignore taxes and compounded interest and judge
the benefit of the investment directly through linear
depreciation and a simple return on investment
(ROI) calculation. 

Let’s say the improvement project in our exam-
ple cost $150,000. It was completed in one quarter,
and we expect to benefit from the improvements
for 10 quarters. To account for the improvement
project, we add $150,000/10 = $15,000 to the fixed
cost for the current period (see Table 3). The
increase in profit is $94,946 - $50,000 = $44,946 or
about 90% higher than when the plant produced
10% defects.

Ignoring interest rates, one way to judge an
investment is to calculate the unadjusted rate of
return:

Although simple, this calculation provides a
rough measure of the significance of the benefits of
the investment.  

To account for the increase in fixed costs due to
the investment in Six Sigma, we need to modify the
break-even chart. Figure 3 shows the revised break-
even diagram superimposed on the original chart.

ECONOMIC CASE FOR QUALITY

Money spent on Six
Sigma should not be a

cost; it should be an
investment.

      100 (operating advantage - amortization)
investmentROI =

        =

        =

100 (44,946 - 150,000/10)
150,000

~ 20%.
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Notice the intercept now is $15,000 lower, but
because of the process improvement, the slope is
steeper.

So far, we have assumed all defective products
are screened out and scrapped; however, products
with minor defects can usually be reworked. It is
easy to show how rework has an effect similar to
that of scrap on the break-even diagram because
rework, at a minimum, inflates the variable costs.
Thus, savings due to a reduction in rework also go
right to the bottom line. 

Up to this point, we have also ignored the fact
companies operating with lower defect rates usual-
ly incur much lower overhead costs. Quality prob-
lems are like friction in a gearbox. Scrap requires
managerial attention at all levels of the organiza-
tion. Therefore, Six Sigma will typically have a con-
siderable impact on the company’s fixed costs.

External Quality Cost and Sales
Our economic evaluation of the effects of Six

Sigma has focused on the internal effects of poor
quality. We have assumed no defects reached the
customer, but  even with 100% inspection, some
portion of the defects invariably will. Thus, we
should expect to incur warranty costs and loss of
reputation as a result of our poor quality.  

For now, we will leave aside the loss of reputa-
tion—not because it is insignificant, but because it
is intangible—and will consider only the effect of
defects on warranty costs. For a given rate of
defects, the number of products that reach the mar-
ket and trigger warranty claims will be approxi-
mately proportional to the number of products
shipped. Like internal costs of poor quality, warran-
ty costs inflate the variable costs, and reductions in
external failure costs go directly to the bottom line.  

As for the discussion of the internal effect of
defects, we restricted our analysis to the impact of
defects on variable costs. However, overhead costs
associated with dealing with external quality prob-
lems can be significant. Indeed, a typical service
department largely deals with the consequences of
field failures and defects. It is also usually neces-
sary for a company to advertise more to compen-
sate for its poor quality reputation. 

Six Sigma does more than reduce cost. Over
time, it improves the company’s market standing

and allows for charging a premium price. Al-
though it may take a while, the impact of Six Sigma
is also seen on the top line—sales. Of course, a dol-
lar increase in sales only partially contributes to the
bottom line because the company needs to pay for
making the extra products. However, if its improved
reputation allows the company to increase the unit
price, the dollar increase for a given fixed volume
will impact the bottom line directly as increased
profit.  

Not Just for Manufacturing
We have discussed some of the economic bene-

fits of engaging in Six Sigma to reduce defects and
increase operational inefficiencies. Although we
used a manufacturing company in our example,
the same benefits can apply to a service company.
Scrap and rework may be called different names in

Improved ProcessFIGURE 3
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Impact of Eliminating Defect 
On the Bottom Line

TABLE 3

Sales $ 1,000,000
Variable costs $ 540,054

Contribution margin $ 459,946
Fixed costs $ 365,000

Profit $ 94,946
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the service industry, but they are just as costly, if
not more so. 

Joseph M. Juran repeatedly made the point that
“money is the language of upper management.”6 To
facilitate management’s support of, and involve-
ment in, Six Sigma programs, we must keep that in
mind. 

Defects and other quality metrics are not easily
translated into monetary units. The negative eco-
nomic significance of poor quality and the posi-
tive impact of Six Sigma initiatives can be lost on
upper management when presented in technical
terms. 

COPQ studies, now increasingly part of the
define phase of Six Sigma and postproject evalua-
tions, can help provide economic information for
upper management, but they do not usually link to
overall business performance and the bottom line.
With the simple framework and diagrams used in
this article, we hope Six Sigma practitioners will be
able to better communicate with upper manage-
ment because this framework shows the direct sig-
nificance of Six Sigma on the bottom line. 

Though the realism of the numbers used in our
example can be debated, our purpose was to illus-
trate general relationships. When objectively ana-
lyzing their operations, most companies will find
defects, rework and other unnecessary activities
significantly inflate costs and reduce profit. By
some estimates, this inflation may amount to 20%
to 30% of total revenues.7

To be effective, quality programs need to go
beyond defect prevention. Companies need to
explore new ways to satisfy their customers with
better products and services. That is where design
for Six Sigma (DFSS) comes in. DFSS efforts bene-
fit both the top and the bottom line, secure jobs
and provide funds for future investments. Reports
coming from companies engaged in Six Sigma
programs increasingly show that, after the initial
gains due to defect prevention are realized, the
companies begin to focus on strategic goals by
implementing DFSS.

ACKNOWLEDGMENT

The work on this article was partly supported by
funding from the Growth Program of the European

ECONOMIC CASE FOR QUALITY

comment
Please

If you would like to comment on this article, please

post your remarks on the Quality Progress Discus-

sion Board at www.asq.org, or e-mail them to 

editor@asq.org.

community, Thematic Network—Pro Enbis—EC
contract number G6RT-CT-2001-05059, and the
Eugene M. Isenberg endowment funds to the
school of management at the University of
Massachusetts-Amherst. 

REFERENCES

1. P.F. Drucker, Management: Task, Responsibilities and
Practices, Harper & Row, 1974.

2. R.D. Snee & R.W. Hoerl, Leading Six Sigma: A Step-by-
Step Guide Based on Experience With GE and Other Six Sigma
Companies, Prentice Hall, 2003.

3. J.M. Juran and A.B. Godfrey, Juran’s Quality Handbook,
fifth edition, McGraw-Hill, 1999. 

4. Snee and Hoerl, Leading Six Sigma, see reference 2.
5. Edwin Mansfield, Microeconomics, eighth edition, W.W.

Norton, 1994.
6. Juran and Godfrey, Juran’s Quality Handbook, see refer-

ence 3.
7. Ibid.

SØREN BISGAARD is the Eugene M. Isenberg professor
of technology management at the University of Mass-
achusetts-Amherst. He earned a doctorate in statistics
from the University of Wisconsin-Madison. Bisgaard is a
Fellow of ASQ and a recipient of the Shewhart Medal.

JOHANNES FREIESLEBEN is an internal consultant at
Ringier AG in Zurich, Switzerland. He earned a doctorate in
economics from the University of St. Gallen, Switzerland.


