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1. Introduction

The purpose of this paper is to provide a brief overview of the cost of quality

(COQ). When I first heard the term “cost of quality” it seemed strange as I had

always thought of quality as saving money, not costing money. As we will learn

the term “cost of quality” is really more about the cost of poor quality.

At the outset I would like to acknowledge the two main sources for the infor-

mation in this paper:

• The American Society for Quality (ASQ) Quality Costs Committee’s

book, Principles of Quality Costs, edited by Jack Campanella (3rd ed.,

1999)

• “Quality and Costs” by Frank M. Gryna. This is Section 8 in J. M. Juran

(Ed.), Juran’s Quality Control Handbook (5th ed., 1999)

This paper is organized as follows:

1. Introduction

2. The history of the cost of quality

3. The four categories

4. Setting up a COQ program—preliminary steps

5. Setting up a COQ program—follow-on actions

6. Using the COQ program for improvements

7. Other matters related to the COQ

8. Summary and conclusion
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2. The History of the Cost of Quality

Apparently the COQ technique goes back at least as far as 1945 when, accord-

ing to Gryna, “a pioneering effort proposed that quality-related costs be assigned

to one of three categories…” (p. 8.3). According to Bottorff (1997) by 1960 “the

technique was widely published in quality literature” (p. 33). In 1961, ASQ’s

Quality Costs Committee was formally established to promote the technique as

evidenced by the Campanella book and numerous other resources now available

from that committee. In 1963 MIL-Q-9858A was published requiring many mili-

tary contractors to measure their COQ.1)  According to Campanella, “Today,

more and more contracts, both government and commercial, are spelling out

quality cost requirements…” (p. 2). Furthermore, the COQ has been incorporated

into the bodies of knowledge of the certification programs of several professional

organizations including, of course, ASQ (Bottorff, 1997, p. 34).

In summary, it is safe to say that the COQ is well embedded as a useful qual-

ity technique. In fact, as stated in Campanella, a COQ “system has the potential

to become an excellent tool in the overall management of a business” (p. 17).

This doesn’t mean it has always been implemented with success and an excellent

article by Sower & Quarles (2003) deals with some of the reasons for this.2) Let

us now delve into exactly what we mean by COQ in terms of the categories that

make up its structure.

3. The Four Categories

As mentioned the COQ technique goes back to at least to 1945 when it was

1) MIL-Q-9858A Quality Program Requirements (Military Specification) was cancelled

without replacement in 1996. Now other standards are used such as those in the ISO

series (e.g., ISO 9001).

2) Section 7 of this paper includes a summary of these reasons.
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proposed that these costs be assigned to one of three categories. The three cat-

egories are: prevention, appraisal, and failure. When one thinks about it, this

makes sense. Suppose you are the quality manager for some company. What

costs does your company incur that are related to quality? Well, first and most

obvious, especially to you, are the costs due to poor quality, for example scrap

or rework. These are the “failure” costs. Thinking about it some more you would

say, “What about all those inspections we have to carry out because our quality

is not perfect?” Aha, those sorts of cost are “appraisal” costs. Finally, you would

ask “What about the money we’re spending to try and improve our quality such

as for training in the uses of statistical process control?” Aha again, those are the

“prevention” costs. Perhaps the reason these categories have persisted so long is

they represent a very logical and easily understood way to represent all COQ

costs, some due to poor quality—the failure costs—and others due to actions

taken to reduce that poor quality: appraisal and prevention costs. Sometimes this

is referred to as the “PAF model.”

When we talk about the failure costs it soon becomes obvious that these costs

logically breakdown into those incurred before delivery of the product or service

and those incurred after delivery. There is an old maxim about quality that the

sooner you catch the problem, the much less it’s impact. For example if we are

able to find and correct a defect in our product or service before it reaches the

customer, the damage to our company, both from a cost and reputation point of

view, is much less. For this reason, the “failure” category is split into internal

failure costs, which occur before delivery, and external failure costs, which

occur after delivery.

Drawing on probably the most quoted source then, these are the formal defini-

tions for these four categories from Campanella (pp. 32–33):

• Prevention costs: The costs of activities specifically designed to prevent

poor quality in products or services.
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• Appraisal costs: The costs associated with measuring, evaluating, or audit-

ing products or services to assure conformance to quality standards and

performance requirements.

• Failure costs: The costs resulting from products or services not conform-

ing to requirements or customer/user needs—that is, the costs resulting

from poor quality.

藺 Internal: Failure costs that occur prior to delivery of the product or fur-

nishing the service to the customer.

藺 External: Failure costs that occur after delivery of the product or fur-

nishing the service to the customer.

These are some examples of these costs:

• Prevention costs: Quality planning, quality training, quality improvement

projects, supplier reviews, and design reviews.

• Appraisal costs: Inspections and tests (from incoming inspections and

tests on supplies to final inspections and tests on the product); quality

audits of the process, product or service; calibration and maintenance of

the test and measuring equipment; and collection of process control data.

• Internal failure costs: Scrap, rework, reinspection, redesign, troubleshoot-

ing, and downgrading.

• External failure costs: Warranty costs, processing customer complaints,

product recalls, lost customer goodwill, and lost sales.

To emphasize the basic differences between these costs the first two categories,

prevention and appraisal, are often referred to as conformance costs and the last

two, internal and external failure costs, as nonconformance costs.

In order to provide enough data to meaningfully track where these various

costs exist it is necessary to develop a structure that breaks down each category

into constituent elements. Such a structure should be tailored to the needs of each

company. Appendix A, adapted from the Campanella book (Appendix B), shows
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one such breakdown. These elements should serve as an excellent starting point

for anyone just setting up their COQ program. Campanella also provides a detail

description of each element (see Appendix B of the Campanella book). With an

understanding of what is meant by COQ costs, let’s now turn to how we would

set up a COQ program. At this point, it might be well to emphasize a point made

over and over again in the literature: the purpose of a COQ program is not to

simply list all the COQ elements and the costs associated with each, but to use

that information to identify the best opportunities for improvement and, once an

improvement effort is undertaken, to monitor its effect on the company’s COQ.

4. Setting Up a COQ Program—Preliminary Steps

For this section and section 5 I will, in general, follow the guidance by

Campanella (pp. 45–70). That guidance can be broken down into two phases:

Actions to be taken up to and including the management3) presentation to “sell”

the program (preliminary steps) and, once approve by management, the follow-

on actions.

These are the steps to be taken up to and including the management briefing:

• Step 1: Get an estimate of the actual COQ costs.

• Step 2: Make a judgment call on whether management is likely to be

receptive to the idea of a COQ program.

• Step 3: Develop a pilot project.

• Step 4: Develop an overall plan and schedule for the COQ program.

• Step 5: Make the management presentation.

Step 1: Get an estimate of the actual COQ costs. This is necessary to get

management’s attention when we brief them. At this point it will not be possible

to get a complete picture of these costs nor is such necessary. Instead we are

3) When “management” is used it usually means “upper management” where the deci-

sion must be made for taking on a COQ program.
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looking for examples of major COQ costs using available accounting information

and estimates. It is at this point the quality manager will begin to work with the

people in accounting to not only get their help but to be sure the costs developed

have legitimacy in the eyes of management (vs. something the “quality” people

came up with). Regarding these costs, Campanella says it is not surprising for

even these rough estimates to show that the COQ is 20 percent of sales, some-

thing that should definitely get management’s attention since every dollar reduc-

tion of COQ costs goes directly to profit.

Step 2: Make a judgment call on whether management is likely to be receptive

to the idea of a COQ program. Campanella doesn’t say how to go about this but

I assume it would be based mainly on the quality manger’s understanding of how

open upper management is to new ideas. Perhaps he or she could informally

approach someone at that level with the idea to see what the reaction is.

Step 3: Develop a pilot project. Assuming management is judged to be recep-

tive to the idea, the next step is developing a pilot project. A description of this

project during the management presentation provides management a concrete

example of how the COQ program would be used to reduce costs. Based on the

work done to get an estimate of actual COQ costs, we would identify some lim-

ited area of operations that appears to have high costs due to quality problems.

Perhaps that area is showing an exceptionally high scrap and/or rework rate

(internal failure costs). Such a situation represents an opportunity for a high pay-

off, something in which management would surely be interested. Working with

that area supervisor, a tentative plan should be developed for identifying the

cause of the problem and fairly quickly resolving it. This will serve as an

example of the value of a COQ program. More will be said about the pilot

project shortly.

Step 4: Develop an overall plan and schedule for the COQ program. This will

be necessary when making the management presentation so management can see
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the whole picture and know the extent of everyone’s involvement. Campanella

suggest this plan include these “essential ingredients”:

• The management presentation (to be discussed next)

• How the pilot project will be carried out

• How everyone in the company will be educated about the COQ program

• How the COQ cost accounting system will be developed

• How the data from the COQ quality cost accounting system will be col-

lected and analyzed

• Once analyzed, how this data will be used to prioritize and carry out qual-

ity improvement activities

• Finally, a schedule for all these activities

Make the management presentation. The presentation team should probably

consist of the quality manager, a representative of the accounting department

(perhaps even the head), and the supervisor of the area chosen for the pilot

project. The primary presenter will probably be the quality manager who we are

assuming is championing the program. The purpose of this presentation is to sell

management on the advantages of a COQ program.  Showing the relatively large

amount of costs associated with poor quality and how these costs can be reduced

will best do this. Accordingly, probably the first thing to show would the esti-

mate of actual COQ costs developed in Step 1. As mentioned, the not unusual

“20 percent of sales” should cause management to want to hear more. The

accounting department representative can provide support to the quality manger

as to the validity of the cost figures presented.

At this point it would make sense to describe the pilot project to give manage-

ment a feel for how the COQ program would operate. This description should

cover the full cycle of collecting, analyzing, and using the COQ data for identi-

fying and eliminating the cause or causes of the high cost. To increase

management’s confidence in the pilot project the supervisor for that area should
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probably participate in this part of the presentation. The description should be in

enough detail to convince management there’s a good chance for a relatively

quick payoff from the project.

At this point there is a good chance that management will be convinced that a

COQ program is a good thing. Now the primary presenter—the quality man-

ager—can do some basic educating of the management team by covering some

of the basic concepts such as the four categories of COQ costs. When talking

about the external failure costs it would be well to emphasize such things as loss

of customer goodwill and loss of sales, besides the more obvious costs such as

handling complaints and warranty claims. Furthermore, with regard to internal

failure costs, it is highly likely that there are a lot of hidden costs there too, such

as scrap costs built in as a percentage of existing cost standards; and this should

be pointed out also.

Next the plan and schedule should be covered to show management not only a

complete picture of what’s in store, but also to show that the quality manager has

done his or her homework.

Finally, if at all possible, management approval should be obtained for the pro-

gram and commencement of the pilot project and the complete COQ plan. This

approval (or other decision4)) should be recorded in the official minutes of the

presentation meeting and distributed to all participants and other interested par-

ties.

5. Setting Up a COQ Program—Follow-on Actions

Having won management’s approval to proceed with the program, these are

the follow-on actions:

• Carry out the pilot project.

4) Management may well say to proceed with the pilot project and then come back for

approval of the complete program.
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• Educate everyone in the company about the COQ program.

• Develop the internal COQ cost procedure.

Carry out the pilot project.5) As Campanella says, the purpose of this project

is prove a COQ system can save costs and, thus, sell management on its value,

all with only limited investment. A pilot project will also allow debugging of the

system.

Due to the project’s importance, a full-time leader should be appointed. In a

small company this might be the quality manager him or herself meaning he or

she might have to cut back on some of the activities normally performed. Also

someone from accounting should be assigned, at least on a part-time basis, to

work hand-in-glove with the leader in finalizing the COQ elements that will be

used.6) Completing the pilot project team will be the supervisor whose area has

been selected. It is probably best to start small choosing a single product line or

facility that is not too complex. Also the area chosen should be as typical as pos-

sible of the company’s entire operations.

Since the key to a successful COQ program is the system for collecting the

quality costs, the next step is for the leader (quality manger or his/her representa-

tive) to begin working with the person from accounting to identify the COQ ele-

ments that will be used. Some of this work will have already been done in prepa-

ration for the management presentation. So the project will be representative of

the final COQ program, elements in all four categories should be selected. As

5) Gryna implies that this pilot project may take place before getting management’s

approval for the complete COQ program. This may well be since the decision at the end

of the management presentation may be to proceed with the pilot project and then

report back with those results for management’s approval before proceeding with the

complete program.

6) Recall a lot of this work would probably have already been accomplished in prepara-

tion for the management presentation. Also approval for all necessary pilot project man-

power resources should have been obtained at the same presentation.
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will apply in general, it is important to use elements that represent the most

major costs; time should not be wasted trying to come up with every possible

element or, when controversial, into which category to place an element7). As the

elements are identified, the source of the cost data should be determined with pri-

ority going to existing accounting data and, that failing, a means for estimating

the costs devised. Of course, the area supervisor should also be closely involved

in setting up the COQ elements.

As Campanella says, from here on “it’s a matter of effort, patience, and perse-

verance.” Now the follow-on steps for collecting and using the COQ cost data

are pursued including identifying the major costs and their drivers, conducting

root cause analyses, devising and implementing the solution, and tracking

progress in reducing the costs. In all likelihood, only a few of the major costs

will be attacked, such as reducing scrap and rework, so that the project can show

some fairly quick and significant results.

Assuming that management wants to see the results of the pilot project before

giving the go-ahead for the full COQ program, another presentation will be

scheduled with management once sufficient evidence of success has been

obtained.

Educate everyone in the company about the COQ program. The degree to

which this can be done will depend on whether management has given the full

go-ahead or not. However, even if a full go-ahead is pending, the education can

commence on a limited basis concurrent with the pilot project. In fact, the pilot

project itself can be a vehicle for beginning this education effort by letting

everyone know about it and its purpose. This could be done at little expense to

the company and should start to raise interest in the COQ so that people will

want to know more about it, especially if the initial information provided shows

7) When it is unclear or controversial which category to use simply pick one and stick

with it since the important thing is consistency in collecting the data.
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its benefits. After all, every functional manager should be interested in reducing

his or her costs of operation. And, as they express interest, the quality manger

can take advantage of that to tell them more about the program. The quality man-

ager might even want to check with each functional manager to see if he or she

would like to know more about the pilot project and the COQ in general.

Once management has given the full go-ahead a more formal education effort

Figure 1. Decision chart for identifying COQ activities and assigning them to appropri-

ate categories (from Campanella, p. 51)
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should be undertaken. This would probably involve formal classes for at least the

functional managers and possibly one or two levels below that depending on the

size of the company. The emphasis in such classes should be on the benefits of

the program and the need for the cooperation of all the functional managers to

make it work. Again, the pilot project will provide an excellent example of how

the COQ program will work; and, if the pilot project has begun to show results,

of the benefits in terms of better quality and reduced costs.

As the other functional managers become educated about the COQ program,

the quality manager can begin seeking their ideas for the program from their

unique perspectives. In particular, these managers can be asked to identify activi-

ties of their department that might qualify as COQ costs elements. To do this

they can be given a simple decision chart, such as shown in Figure 1 and the sug-

gested elements shown in Appendix A8) (both from Campanella). These actions

of actively involving the other managers in developing the program will have the

added benefit of them beginning to take ownership of it and remove it from the

“Oh, that’s just something ‘Quality’ is doing” category or, worse yet, being per-

ceived as just another “flavor of the month.”

In doing all this educating the primary underlying theme should be that the

purpose of the COQ program is not to just collect and display the various costs

associated with the four categories but to use that information for identifying the

best opportunities for reducing costs and undertaking improvement activities

accordingly. And as this happens, the functional managers will be expected to

make whatever commitments are needed to ensure the success of these improve-

ment activities.

Develop the internal COQ procedure. This step is perhaps the most important

8) As mentioned, these elements are from Appendix B of Campanella, which includes

descriptions of each. These descriptions should help the functional managers better

understand what an element is and what might be potential elements for their function.
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since we are now going to put meat on the bones of the program for the entire

company. Having undertaken a pilot program, we already know a great deal

about what this procedure should be and can be guided by what we’ve learned

from that project. The output from this procedure should be tables and/or charts

that will (1) show us initially where our COQ costs exist and which are the big-

gest and, (2) as improvement efforts are undertaken, show us how those costs are

changing. The steps leading to such an output are:

• Decide on the scope of the collection effort.

• Decide on and refine the COQ elements for each of the four categories.

• Identify the source(s) for the cost data for each COQ element.

• Assign responsibility for the collection and reporting of the cost data for

each COQ element.

• Decide on which formats to use to summarize and present the COQ data

and who is to receive these summary reports.

Decide on the scope of the collection effort. Now we must think about how we

will approach this “entire company” data collection effort. Perhaps the most logi-

cal approach is to initially collect COQ costs for all functions across all COQ

elements that apply to our company. To do this Campanella suggest a simple,

albeit probably rather large, spreadsheet which shows the COQ elements along

the left side and the functional areas along the top. Campanella’s example of this

is reproduced at Appendix B. As such data is gathered and experience with the

program is gained (e.g., via the pilot project), other ways to collect and display

the COQ data will become evident. For example, Gryna shows an example of

collecting the data for a bank’s installment loan process, which is reproduced at

Figure 2. Note that in this example the COQ elements are not separated by cat-

egory as they are with the Campanella example at Appendix B.

Other possibilities are accumulating the COQ cost data for each of the

company’s profit centers—as suggested by Figure 3 taken from Campanella.
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Figure 2. The COQ costs for a bank’s installment loan process (from Gryna, p. 8.9)

Figure 3. A profit center COQ example (from Campanella, p. 105)

These profit centers could be a factory or other operations facility, or even indi-

vidual projects such as the pilot project. In any event, data should probably be

collected for the entire company with the other areas/projects shown as subsets
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of this complete picture.

Decide on and refine the COQ elements for each of the four categories. Once

the scope of the COQ effort is determined, the full list of COQ elements can be

decided upon and refined. Using all the experience and knowledge gained thus

far, as complete a list of COQ elements as possible should be developed for the

entire company. By this time this list should be fairly well defined since the qual-

ity manager will have been working with the functional managers refining what-

ever was used as a starting point (e.g., the elements shown in Appendix A

[Appendix B in Campanella]).

Identify the sources(s) for the cost data for each COQ element. Now the task

is, for each COQ element, to identify the source(s) for its cost data. As with the

pilot project the idea is to use as much data as is already available from existing

accounting records. This means the quality manager must have a close working

relationship with accounting and, as with the pilot project, even have a represen-

tative from accounting assigned to work with him or her,

As will already be realized from the pilot project, only some of the accounting

data will be directly useful; for example accounts for scrap and rework, or an

account that shows the costs of a department dedicated to inspections. More

likely, it will be necessary to analyze the existing accounts and, where possible,

breakout those parts that can be assigned to a specific COQ element. For

example it is not uncommon for a cost standard for some product to include some

set amount for defects—say ten percent. In this case we would want to break out

this “hidden” cost and assign it to its proper failure cost element such as scrap or

rework. In fact, it may become obvious that the existing accounting standard

needs to be changed so as to no longer “hide” these important costs. In general,

such tightening up of the accounts could well be a major side benefit of the COQ

program.

Once we have exhausted all possible sources of cost data from the existing ac-
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counts it will be necessary to devise means to estimate the remaining costs

needed. According to Gryna, a good source of estimates is, of course, knowl-

edgeable persons. Gryna (p. 8.13) also suggests other techniques such as keeping a

temporary record of the time a production worker spends repairing defective prod-

uct and then projecting that cost over the period of interest. Another technique

mentioned is to estimate the cost to correct one common error or problem—for

example correcting a billing error or handling a customer complaint—and multiply

this “unit” cost by the number of similar error/problems during the period of inter-

est. These “sampling” activities would have to be repeated from time to time to

ensure they still provide a reasonably accurate basis for the total estimate.

Thus far we’ve been talking about direct costs associated with a product or

service such as direct labor or direct material costs. However, to get more accu-

rate cost the indirect costs must also be included. Traditionally, assigning an

overhead cost based on some percentage of, say, direct labor is done. However,

as both Gryna and Campanella point out this no longer provides a very accurate

way to assign these costs since, due to improved manufacturing techniques, indi-

rect costs are now a much larger percentage of the total cost. Therefore, to get a

better estimate of the actual cost of a product or service we need to look at just

what parts of the company’s general overhead costs are applicable to that prod-

uct or service. In fact this is what Activity-Based Costing (ABC) does. For

example, if one of the ABC cost drivers is machine setups, taking the total costs

for all setups and dividing that by the number of setups would determine a per

setup cost. Then each product would be assigned setup costs according to the

number of machine setups it required. This sort of reasoning would be applied to

all the cost drivers such as the cost of shipments, purchase orders, engineering

changes, etc.

By assigning costs to a product or service in this way, a much more accurate

estimate of its actual cost is obtained. In fact ABC is helpful not only in assign-
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ing indirect costs but, in general, in allocating costs more accurately to specific

cost elements. Accordingly, as we consider such things as the failure cost due to

the scraping of some particular product we will have a much better picture of that

COQ cost including its likely sources. Therefore, if a company is not already

using ABC, as it implements its COQ program would be a good time to start.

Assign responsibility for the collection and reporting of the cost data for each

COQ element. As we are developing the elements and identifying the sources for

the cost data we should also be thinking about how the cost data will actually be

collected and reported. It could be that some the elements will require input from

more than one source. In any event, all sources and the person responsible should

be identified and formally designated. Also a format and schedule for reporting

the collected data should be promulgated. To keep the program from being

viewed as “not really official” or “a ‘quality’ thing” the data should go to the

accounting department for summarizing and final reporting. Having decided on

the scope of the COQ program, the data will initially be collected on some sort

of spreadsheet such as already discussed and shown in Appendix B.

Decide on which formats to use to summarize and present the COQ data and

who is to receive these summary reports. Probably the primary recipient of the

reports will be the quality manager who will then use them to brief management

at periodic management reviews. However, once the COQ data is used to initiate

improvement projects, summary reports for individual projects would probably

be made available directly to those project leaders on an as-required basis.

Although any reasonable format could be used, a typical one at the company-

level, as suggested by Campanella, might look like that in Appendix C. Once the

COQ program gets underway, trend charting should be used to show how the

total COQ costs and those in each category are changing. Appendixes D and E

are examples from Campanella of such charts. Note that the Appendix D chart is

for a particular department/area/project and shows only total COQ costs whereas
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the Appendix E chart—probably at the company-level—breaks out the costs by

category (with the failure costs combined). Actual charts would be tailored to the

needs of the organization.

In determining the reporting format one other thing must be decided: what

base to use to compare the COQ costs against. As Campanella points out, actual

dollar amounts are probably useful for deciding where to initiate quality

improvement projects, however “unless the amount of work is constant, it will

not provide a clear indication of the quality cost improvement trends” (p. 34). He

further points out that: “For long-range analyses, net sales is the base most often

used for presentation to top management” but such a measurement is not “practi-

cal and could be misleading for the day-to-day, week-to-week, month-to-month

needs of the practitioners who are commissioned to make it happen” (p. 34). In

other words, for short-range analyses a base that reflects actual conditions in

terms of work performed is needed. Figure 4, from Gryna, lists some measure-

ment bases and their advantages and disadvantages. Note that the table shown in

Figure 4. A comparison of some COQ measurement bases (reproduced from Gryna, p.

8.24)
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Appendix C has columns for showing the COQ costs both in actual dollars and

as a percent of bases (sales and “other”). Also the trend charts shown in Appen-

dixes D and E are plotted against bases.9)

At this point we have done everything necessary to set us up for the real rea-

son for the COQ program: reducing the COQ costs through improvement activi-

ties. This we will talk about next.

6. Using the COQ Program for Improvements

The following steps seem a logical way to use the COQ cost data to improve

quality and, accordingly, reduce costs:

• Identify the largest contributors the COQ costs.

• Using Pareto analyses, identify the main reason(s) for those costs for each

major contributor.

• Using techniques such as the “Five Whys,” determine the root cause of

each main reason.

• Initiate and monitor corrective action.

Identify the largest contributors to the COQ costs. Having set up a numbering

system such as in Appendix A, it is easy to break out the costs by category and

then at any level. For example, all prevention costs start with 1, all appraisal

costs with 2, etc. And then within each category the costs can be further broken

out by element and sub-element. For example all prevention costs associated with

getting customer feedback on our product/service start with 1.1. Accordingly, by

summarizing the data in dollars and base percentages in tables (such as Appen-

dix C) and trend charts (such as Appendixes D and E), it will soon become obvi-

9) Note that the Appendix D chart, for a department/area/project, uses direct labor as a

base whereas the Appendix E chart uses sales. The Appendix D chart would probably

be used for tracking some relatively short-range improvement activities and the Appen-

dix E chart for briefing upper management on long-range trends.
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Figure 5. Example of Pareto analysis of causes of

scrap for a housing product (adapted

from Campanella, p. 68)

10) See page 5 of Appendix A.

11) The costs could be obtained by having the reason for each housing scraping recorded

over some set period, say each month.

12) However I would question his use of the term Root Causes since it seems these are

really intermediate causes.

ous where the largest costs are coming from.

Using Pareto analyses, identify the main reason(s) for those costs for each

major contributor.

As an example, suppose sub-element 3.3.5—Scrap Costs (Operations)10)—is

found to be a large cost. Using a Pareto analysis you could find which products

are causing you to incur the most costs due to scrap. Then another Pareto analy-

sis could be used to identify the main reasons for each of these “major cost

incurrers.” Let’s say the product identified is a housing the company produces

and, again borrowing from Campanella, Figure 5 shows the results of the Pareto

analysis of the reasons11). It is obvious that a good place to begin would be to

find out why so much damage is happening since this constitutes about half of

the total costs. Figure 6 is another example from Gryna for “penalties” (cost ele-

ment 4.6 in Appendix A). Note

that this combines two Pareto

analyses by first identifying the

three common reasons for the

penalties (Cost Drivers) and

then, causes for each reason

(Root Causes)12). A cursory ex-

amination of Figure 6 shows that

we need to investigate the root

causes(s) of “poor raw materi-

als” which are accounting for

60% of the total penalties costs.
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Using techniques such as the “Five Whys,” determine the root cause of each

main reason. At some point a team13) would probably be established to bring

together the necessary expertise and functional representation—depending on the

specific COQ problem—to do a root cause analysis and develop solutions. This

team may be constituted even before we get to this root cause stage to do the pre-

liminary work of identifying the major cost contributors and the main reasons for

those costs. In any event, now the task is to ask why do these reasons exist; for

example, for our scrap example in Figure 5 we would begin asking why is the

damage occurring. If one answer is because of rough handling in transport, then

why is that happening, etc. until we finally gain enough information to being

working on the solution.

Initiate and monitor corrective action. At this point, the team should have

13) Or multiple teams depending on how many quality problems the company wishes to

work on at the same time.

Figure 6. Example of Pareto analyses for penalties (from Gryna, p. 8.21 [in turn adapted

from Atkinson, Hamburg, and Ittner, 1994, p. 142])
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enough information to take corrective action to eliminate the root cause. For

example for “damage” (causing about half of the scrap) a solution might be to

change the way the housings are transported. This might entail developing a bet-

ter transporter or training the material mover.

Once the corrective action has been implemented, then the team (or maybe just

the quality manager since the team’s work is essentially done) should continue to

monitor the COQ element in question to verify that the corrective action is work-

ing and has caused scrap and associated costs to decrease.

The examples we’ve used in this section are, of course, only a small part of

the total COQ picture and it is conceivable that once the program is fully up and

running there would be several teams operating at all times attacking various

COQ problems throughout the organization. And behind all this effort is the

well-structured COQ system into which COQ cost data is regularly being fed and

from which  COQ reports are being produced when needed and for whoever

needs them. This is not to suggest that a good COQ program is meant to begin

generating a mass of paperwork but only that it has the potential to report what’s

needed, when it’s needed.

7. Other Matters Related to the COQ

In this section we will discuss the follow miscellaneous related matters:

• How ISO 9001 relates to the COQ

• Linking the COQ to an organization’s strategic goals

• COQ and Lean Enterprise/Six Sigma

• Why organizations often fail to use COQ effectively

• Hidden costs

How ISO 9001 relates to the COQ. ISO 9001 is an international standard for

quality management systems. Once an organization has been certified as meeting
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this standard it may advertise that fact.14) Since this standard is so popular and

almost a requirement in today’s highly competitive environment, I thought it

would be useful to see how its requirements align with a set of generic COQ ele-

ments, namely those shown in Appendix A (from Campanella). Appendix F

attempts to do this. Appendix F lists each ISO 9001 requirement. For each

requirement I tried to show which COQ category (P, A, IF, or EF) and COQ ele-

ment it was related to. The information in Appendix F is not considered perfect

and probably fails to completely match all COQ elements with an ISO 9001

requirement, but it does show there is a close relationship between the two pro-

grams as well there should be. It is noteworthy that almost all of the requirements

of ISO 9001 are related to either a prevention or appraisal cost element. This

makes sense since we are talking about the requirements for a quality manage-

ment system that, by definition, is meant to prevent or detect nonconformities

before they become failure costs.

It should be noted that ISO 9001 has two companion documents: ISO 9000,

Fundamentals and Vocabulary, and ISO 9004, Guidelines for Performance

Improvement (see references). ISO 9004 provides anyone really serious about hav-

ing a good quality management system a lot of guidance for doing this. Austenfeld

(2002) provides more information about these ISO 9000 standards—issued in

2000—and how they differ from the previous set, which was issued in 1994.

Linking the COQ to an organization’s strategic goals. Campanella briefly

discusses how a COQ program can support a company’s strategic planning pro-

cess (pp. 73 & 74). Schottmiller (2001) has developed a model for linking qual-

ity costs to an organization’s strategic goals. His model is built around a COQ

database that is fed by information from both the formal reporting system (such

14) It should be noted that being ISO 9001 certified doesn’t necessarily mean the organi-

zation will provide quality products or service, only that at the time of certification, its

quality management system had that capability.
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Figure 7. A model linking the COQ with an organization’s strategic business goals. (from

Schottmiller, 2001)

as established accounts and ABC “drivers”) and informal estimates. Out of this

database comes the information needed to effect quality improvements. The da-

tabase also feeds into the organization’s strategic business goals helping to shape

them. And, these goals also help shape the database by dictating what new or

additional information is needed to meet those goals. Figure 7 shows this model.

The bottom line here is that a robust COQ program can provide valuable infor-

mation for helping an organization develop strategic goals and monitor their ac-

complishment.

COQ and Lean Enterprise/Six Sigma. As should be evident from what has

been written above the COQ program is focused on developing a way to view all

COQ costs in a company and then homing in on those areas where the costs are

largest and setting up improvement projects to find fixes to reduce those particu-

lar costs. In looking for solutions to specific quality problems there are two qual-

ity methodologies that have become popular over the last ten or so years: Lean

Enterprise and Six Sigma. Lean Enterprise is finding ways to eliminate sources
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of waste in the company such as excessive (or really any) scrap or rework.

Austenfeld (2003) provides an introduction to Lean Enterprise and Austenfeld

(2004) provides examples of Lean Enterprise techniques. There are many good

references on Lean Enterprise such as Levinson & Rerick (2002), Liker (1998),

and Womack & Jones (1996).

Six Sigma is a methodology pioneered by Motorola that has as its objective to

reduce variation. In fact, the goal of Six Sigma is to reduce variation so much in

a single-step process that the number of defects is only 3.4 parts per million

(ppm). This compares with a defect level of about 60,000 ppm using what has

been a traditional “three sigma” standard for quality (Pyzdek, 1999, Appendix

Table 18). Given that many of today’s processes are actually multiple steps and

the yield percentages for each step are multiplied for a total process yield, the

need for Six Sigma is obvious. In fact as Pyzdek says “Considering that the com-

plexity of modern processes is usually far greater than ten steps, it is easy to see

that Six Sigma quality isn’t optional; it’s required if the organization is to remain

viable” (p. 142). In fact, the advantages of Six Sigma in terms of reducing

defects and producing high quality products are enormous and many compa-

nies—notably General Electric when under Jack Welch—have adopted it.

Austenfeld (2000) offers a brief overview of Six Sigma and, like Lean Enterprise,

there are many good references such as Pyzdek (1999), Breyfogle (1999), and

Pande, et al. (2000).

Although both the Lean Enterprise and Six Sigma offer excellent methodolo-

gies for solving specific problems detected by the COQ data, they are also worth-

while components of an ongoing general quality improvement effort. However it

probably makes sense to let the information gained from analyses of the COQ

data guide where these methods can be applied most cost-effectively.

Why Organizations often fail to use COQ effectively. The excellent article by

Sower & Quarles (2003) reports the results of a survey of U.S. businesses about
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whether they use COQ and, if not, why not. They found that “only about one

third of organizations in the sample systematically track quality costs.” The rea-

sons most often cited for this were:

• Lack of management interest/support

• Company economic condition or status

• Lack of knowledge (both in general about the principles of the COQ and

more specifically about which items to include in the COQ program, and

if they had the requisite experience to properly execute the program)

• Lack of adequate accounting and computer systems

• Do not see the benefit of COQ

Sower & Quarles make suggestions for overcoming these obstacles, which are

summarized in their conclusions:

Key aspects of these suggestions include the need for education in quality

principles throughout the organization, knowledge of change management

processes by quality professionals, the need to translate the language of

quality into the language of business, and recognition of the power of mod-

ern information systems—particularly ERP15) and ABC systems—in facili-

tating tracking of COQ. Perhaps most important is the recognition that

better results result when better information is available. Even approxi-

mately accurate COQ data can facilitate better decisions, so the fact that

some quality costs (e.g., external failure costs) can only be estimated should

not deter an organization from implementing a COQ system.

If anyone is experiencing difficulty in implementing a COQ program they should

realize they are not alone and could probably benefit from a perusal of the Sower

and Quarles’ article.

15) Enterprise resource planning systems are company-wide, real-time computer systems

that integrate all the company’s functions. The two most famous ERP companies are

Oracle in the U.S. and SAP in Germany.
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Hidden costs. We’ve already mentioned the hidden costs that might exist in a

standard that, say, allows ten percent of the costs to be allocated to scrap. Of

course this cost needs to be separated from the standard so it can begin to be

accurately accounted for and reduced. However there are many other examples

of “hidden” costs. For example engineering time that is used for preventive or

corrective action work but, again, not broken out as such. Another example is

what’s been called the “hidden factory”; e.g., a production worker who spends a

lot of time correcting some defect so he or she can be sure to pass a “good” part

on downstream. Besides a lot of extra labor being used due to poor quality, the

problem is compounded by the fact that the cause of the nonconformance never

gets attended to. Another example is excessive inventory or unnecessary move-

ment of parts and material due to a poor plant layout. Many of these “waste”

problems can be solved with an aggressive Lean Enterprise program.

A special class of hidden costs—associated with external failure—is business

lost due to customers being unsatisfied with the product or service. If the cus-

tomer complains at least the company can account for the cost of handling the

complaint16), but what about the customers who don’t complain but simply take

their business elsewhere. Also there is the ripple effect of a dissatisfied customer

telling others about their bad experience with the product or service. Campanella

says that it may not be possible to estimate such costs but, in any event, “…at

least identify the areas of customer dissatisfaction” (p. 85) so you can take

improvement actions. A rigorously run customer complaint program will help

identify such areas.

The bottom line here is to be aware of the many possible places where hidden

costs might be lurking and try to devise ways to account for them in the COQ

database, even if it is necessary to make rough but educated estimates.

16) And gain valuable information about customer dissatisfaction.
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8. Summary and Conclusion

The purpose of this paper has been to provide an overview of the COQ.

Accordingly I’ve briefly discussed the history of the COQ, the four categories of

the COQ, the preliminary steps and follow-on actions when setting up a COQ

program, the use of the COQ program for improvements, and various matters

related to the COQ. Regarding the last thing these are the areas that were covered:

• How ISO 9001 relates to the COQ

• Linking the COQ to an organization’s strategic goals

• COQ and Lean Enterprise/Six Sigma

• Why organizations often fail to use COQ effectively

• Hidden costs

In concluding I would suggest that the main points about the COQ are these17):

• If a company is not tracking its COQ, these costs are probably much

greater than management realizes.

• The reason a COQ program can be very effective in getting management’s

attention is it uses “the language of management”; i.e., dollars. Not only

does this get management’s attention initially, it is the key for manage-

ment’s all-important continued support of the program.

• Every dollar saved by reducing internal or external failure costs means

another dollar of profit or another dollar that can be used for improvements.

• The ultimate purpose of a COQ program is not to simply display all the

costs in the four categories but to use that data for deciding what improve-

ments to do next and then carrying out and monitoring those improve-

ments.

• Money wisely spent on improvements usually has a large pay off. Another

17) There are probably others but these are the ones that seemed most important to me.
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way of saying this is that prevention costs are usually very cost-effective.

• As your failure costs decrease you can usually decrease your appraisal

costs as there should be less need for tests and inspections.

• Everyone in the organization should be educated in the COQ and ad hoc

teams formed and trained as necessary to tackle specific improvements.

Often multiple functional areas will be involved.

Finally I would recommend anyone thinking about setting up a COQ program

take advantage of the ASQ Quality Costs Committee’s resources. Shepherd

(2003) describes a number of useful resources including a CD that had just been

released for “simple, self-paced” learning. Other resources include Application

Notes—short two-sided single sheets—on various COQ subjects18) and a “num-

ber of other publications.” These resources are available to ASQ members

through its website. The Committee also provides on-site training on the COQ.

Appendix G is a description of a two-day course. Additionally I would recom-

mend the two references I’ve drawn  on heavily for this paper, the Committee’s

Principles of Quality Costs edited by Campanella and Section 8 in Juran’s

Quality Control Handbook by Gryna titled “Quality and Costs.” I would also rec-

ommend Chapter 7 of Feigenbaum (1991): “Quality Costs—Foundation of Qual-

ity-Systems Economics.”
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Appendix A (page 1 of 6)

Campanella’s Suggested Breakdown of the COQ Elements

(Adapted from Campanella, 1999, Appendix B)

On the next page is a first and second tier breakdown of the COQ elements as

suggested by Appendix B of the Campanella book Principles of Quality Costs.

As Campanella states:

This list is not meant to contain every element of quality cost applicable to

every business. It is intended to give the reader a general idea of what type

of elements are contained within each cost category to help in deciding

individual classifications for actual use. (p. 187)

He also states: “A quality cost program need not identify all elements [as listed

here]; rather, it should concentrated on the quality cost elements most signifi-

cantly affecting your company” (p. 19).

The full breakdown of each category is shown respectively on the four pages

following the next page.
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Appendix A (page 2 of 6)

Campanella’s Suggested Breakdown of the COQ Elements

(continued)

(Adapted from Campanella, 1999, Appendix B)
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Appendix A (page 3 of 6)

Campanella’s Suggested Breakdown of the COQ Elements

(continued)

(Adapted from Campanella, 1999, Appendix B)
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Appendix A (page 4 of 6)

Campanella’s Suggested Breakdown of the COQ Elements

(continued)

(Adapted from Campanella, 1999, Appendix B)
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Appendix A (page 5 of 6)

Campanella’s Suggested Breakdown of the COQ Elements

(continued)

(Adapted from Campanella, 1999, Appendix B)
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Appendix A (page 6 of 6)

Campanella’s Suggested Breakdown of the COQ Elements

(continued)

(Adapted from Campanella, 1999, Appendix B)
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Appendix B

A Suggested Spreadsheet for Colleting COQ Data

(from Campanella, 1999, p. 56)
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Appendix C

A Suggested Format for Summarizing and Presenting

the COQ Data

(from Campanella, 1999, p. 57)
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Appendix D

An Example of a “Short-Range” Trend Chart for a Department/

Area/Program Using Direct Labor as a Base

(from Campanella, 1999, p. 59)
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Appendix E

An Example of a “Long-Range” Trend Chart Using Sales as a Base

(from Campanella, 1999, p. 60)
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Appendix F (page 1 of 6)

Matching the ISO 9001 Requirements With the COQ Elements

The following pages list the requirements of the ISO 9001 (reference ANSI/

ISO/ASQ Q9001-2000). For each requirement, an attempt has been made to

show which COQ category it relates to—prevention, appraisal, internal failure, or

external failure—and which Appendix A COQ element it relates to. The follow-

ing abbreviations are used:

P Prevention Costs

A Appraisal Costs

IF Internal Failure Costs

EF External Failure Costs

COQ Cost of Quality

QMS Quality Management System

ABC Activity-Based Costing

It should be noted that the list on the following pages starts with clause 4 of

the ISO 9001 standard. This is because the first three clauses deal with “adminis-

trative” matters such as the scope of the standard and terms and definitions. The

requirements are set forth under these five clause headings:

4. Quality Management System

5. Management Responsibility

6. Resource Management

7. Product Realization

8. Measurement, Analysis and Improvement

The requirements are grouped this way to show that together they make up a

model of a “process-based” quality management system as shown on the next

page.
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Appendix F (page 2 of 6)

Matching the ISO 9001 Requirements With the COQ Elements

(continued)

Note:  This model is from ANSI/ISO/ASQ Q9001-2000, p.x.
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Appendix F (page 3 of 6)

Matching the ISO 9001 Requirements With the COQ Elements

(continued)
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Appendix F (page 4 of 6)

Matching the ISO 9001 Requirements With the COQ Elements

(continued)
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Appendix F (page 5 of 6)

Matching the ISO 9001 Requirements With the COQ Elements

(continued)
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Appendix F (page 6 of 6)

Matching the ISO 9001 Requirements With the COQ Elements

(continued)
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Appendix G (page 1 of 3)

Description of ASQ’s Two-day On-site Course on Quality Costs

Principles

(http://www.asq.org/on-site-training/topics/qcostprinciples.html,

as of October 2005)

Quality Cost Principles

Improve customer satisfaction and financial performance using this powerful

tool. Surveys show a vast majority of companies either overlook or are unaware

of the concept of Cost of Quality (CoQ). Successful use of CoQ shifts the focus

from a quality cost system to using CoQ as an effective tool in the selection and

management of improvement efforts. (Two day course)

Who Should Attend

Managers, supervisors, quality leaders, and facilitators responsible for and

involved in continuous improvement will benefit from this course, as will repre-

sentatives from accounting and finance.

Learning Outcomes

• Know how to conduct CoQ assessments

• Use CoQ to manage improvement projects to increase customer satisfaction

and financial performance for your company

• Be able to identify CoQ cost-drivers within your organization

• Understand how to make a quality cost study

Course Agenda

I. Introduction

II. Linkage of Quality Improvement and Profits

A. Background of Quality Costs

B. Evolution of Quality
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1. Definition of Quality

2. Quality - A Competitive Weapon

C. Traditional vs. Value-Driven Quality Strategy

D. Video - Quality Costs for Continuous Improvement

III. Cost of Quality Definitions and Types

IV. Successful COQ Initiatives

A. Integrate COQ with Strategic Management Initiatives

B. Assess COQ

C. Estimate Cost of Lost Sales Opportunities

D. Use COQ in Management Decision Making and Problem Solving

E. Workshop - Determining COQ for Quality Failure

F. Understanding Cause and Effect in Quality Cost Measurement

G. Linking Strategy, Quality, Productivity, Competitiveness and Cus-

tomer Satisfaction

V. Establishing COQ Baseline

A. Two Approaches

B. Advantages and Disadvantages of a Formal COQ System

C. Improvement Project Approach

VI. Using COQ to Manage Continuous Improvement

A. COQ Improvement Model

B. Project Selection

C. Team Selection

1. Team Membership

2. Effective Improvement Teams

Appendix G (page 2 of 3)

Description of ASQ’s Two-day On-site Course on Quality Costs

Principles (continued)
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Appendix G (page 3 of 3)

Description of ASQ’s Two-day On-site Course on Quality Costs

Principles (continued)

D. Cost Driver Analysis

1. Methodology

2. Root Cause Analysis

3. Percent Allocation and Cost

4. Add Common Root Cause Costs

E. Cost-Benefit Analysis

F. Workshop - Cost Driver Analysis

VII. Other COQ Applications

VIII. Summary and Evaluations


