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Abstract 

Good quality leads to increased 

productivity and reduced costs, which 

eventually, through increased customer 

satisfaction, lead to increased sales, 

profits and survival in today’s highly 

competitive market. Some people say 

quality is free. Others claim it requires an 

investment. A more accurate assessment is 

that quality does require an investment 

but it pays dividends that far outweigh 

that investment. Early investment in 

quality avoids excessive costs downstream 

in the process. One such investment in a 

quality cost measurement system is 

considered essential, especially for 

companies that have no such a system and 

are continuously looking for means of 

improving the overall quality process 

within their operations. This paper 

discuses three alternative quality cost 

measurement systems, presents the results 

of a real case from Greece and explains 

the benefits and associated risks.  
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Introduction 

Economic considerations play an 

important role in quality. Quality can have 

a significant effect on the profitability of 

an organisation. Each time work must be 

redone, such as remanufacturing a 

defective item or retesting an electronic 

assembly, costs increase.  

Quality not only has an effect on direct 

costs, but also on indirect costs resulting 

from lost customers.  Studies have shown 

that profits of service firms typically rise 

for each year a customer stays with the 

firm. For one auto-service company, the 

expected profit from a fourth-year 

customer is more than triple the profit that 

same customer generates in the first year. 

However, most companies do not know 

how much it costs to lose a customer. 

Experts estimate (Semich, 1987) that the 

cost due to poor quality can range as high 

as 40% of total sales with the industry 

average running close to 25%. Many feel 

that it should be only about one-tenth of 

this amount, or about 2.5%. This is clearly 

an area where substantial savings can be 

achieved. Yet a survey conducted by 

Grant Thornton, a major accounting and 

consulting firm in the United States, 

reported that while 83% of companies 

surveyed said that quality is a top priority, 

less than one-third have calculated costs 

associated with quality. More and more 

organisations are beginning to recognise 

the importance of quality costs and have 

installed systems for managing, 

measuring, and controlling them. 

Some people say quality is free. Others 

claim it requires an investment. A more 

accurate assessment is that quality does 

require an investment but it pays 

dividends that far outweigh that 

investment. Early investment in quality 

avoids excessive costs downstream in the 

process. One such investment in a quality 
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cost measurement system is considered 

essential, especially for companies that 

have no such a system and are 

continuously looking for means of 

improving the overall quality process 

within their operations. This paper 

discuses three alternative quality cost 

measurement systems, presents the results 

of a real case from Greece and explains 

the benefits and associated risks.  

What are quality costs? 

The definition of quality costs is as 

important as that of quality. A clear 

definition of quality cost is given in 

BS4778: Part 2; ISO 8402. According to 

this standard, quality cost is defined as the 

expenditure incurred by the producer, by 

the user and by the community, associated 

with product or service quality; and 

quality-related cost as the expenditure 

incurred in defect prevention and appraisal 

activities plus the losses due to internal 

and external failure. 

During the last fifteen to twenty years the 

ideas of what constitutes quality costs 

have been changing rapidly. In the early 

1980‟s the perception was that quality 

costs are the costs of running the quality 

assurance department, plus scrap, rework, 

testing and warranty costs. Now, the 

perception is that quality costs are the 

costs incurred in the design, 

implementation, operation and 

maintenance of a company‟s quality 

management system, the cost of the 

resources committed to continuous quality 

improvement, the costs of failure (system, 

product or service) and waste (waste is the 

antithesis of good quality management; is 

the cost to the business that does not add 

value; the cost of not doing things right). 

Therefore, it is obvious that quality-related 

costs are not just the cost of quality 

assurance, inspection, monitoring, testing 

and scrap materials. Quality-related costs 

arise from a range of activities and involve 

many departments (e.g. sales and 

marketing, R&D, manufacturing, design, 

etc.) within an organisation. 

A short history of Quality Costing 

It was the Americans who first identified 

and defined quality costs (the American 

Society for Quality Control has been 

particularly influential and has produced 

much useful advice on the subject). 

However, definitions of quality-related 

costs have changed just as perceptions of 

TQM and quality improvement have 

changed and it is difficult to determine 

when quality-related costs were first 

referred to as such. Almost all the early 

papers on quality costing mention only 

inspection, rework, repair and warranty 

costs. The term „quality costs‟ was 

certainly in use in Western Europe in the 

late 1950‟s and early 1960‟s and may have 

originated with the categorisation of costs 

into prevention - appraisal - failure, which 

is attributed to a seminar paper of 

Feigenbaum in the mid 1950‟s. 

Quality costing has been used primarily 

by manufacturing industry, but today there 

is growing interest from commerce, the 

public sector and service organisations. 

There is now clear evidence of quality 

costing being used in a variety of non-

manufacturing situations including 

financial institutions, transport and 

distribution, health care, and the travel and 

holiday industry. (Antonaras, 1996) 

Quality Cost Models 

There are a number of approaches to 

categorising and reporting quality costs. 

The three most common approaches, 

known as the Prevention - Appraisal - 

Failure (PAF) Model, the Process Cost 

Model (PCM) and the CIMA Model, are 

explained below. 

 

 



Prevention-Appraisal-Failure Model 

Dr Armand V. Feigenbaum is attributed with having developed the concept of quality 

cost measurement while working in the General Electric Company in the 1950‟s. He 

proposed a system of „Quality Cost Reporting‟ whereby all relevant costs were 

categorised into four major areas: 

 

Figure 1.  PAF Quality Cost Categories 

 

These quality cost categories are defined 

in BS 6143: Part 2: 1990 as follows : 

Prevention cost: The cost of any action 

taken to investigate, prevent or reduce the 

risk of nonconformity or defect. 

Appraisal cost: The cost of evaluating the 

achievement of quality requirements 

including e.g. cost of verification and 

control performed at any stage of the 

quality loop. 

Internal failure cost: The costs arising 

within an organisation due to 

nonconformities or defects at any stage of 

the quality loop such as cost of scrap, 

rework, retest, reinspection and redesign. 

External failure cost: The cost arising 

after delivery to a customer / user due to 

nonconformities or defects which may 

include the cost of claims against 

warranty, replacement and consequential 

losses and evaluation of penalties 

incurred. 

The PAF model (as described in BS 6143: 

Part 1: 1992) requires from both the 

accounting department and the quality 

management to have a clear understanding 

of their roles. The accounting department 

is expected to collect the quality cost data, 

to allocate these costs to the agreed 

activities, to provide comparative bases 

for quality cost assessment and to prepare 

an operating report for the accountancy 

period. The quality management is 

expected to analyse the quality related 

costs, taking appropriate controlling action 

by investigating causes and making 

recommendations for improvement; to 

coordinate the inter-departmental 

activities to achieve quality related cost 

objectives; to pursue a continuing policy 

for cost reduction and control. When the 

list of cost elements is identified, the 

collection of cost data can begin. More 

analysis may be needed in an organisation 

that does not already have a departmental 

costing system than in one that has.  

Process Cost Model (PCM) 

The PCM is based upon the concept that 

each activity in an organisation forms part 

of a process. The PCM reflects the total 

cost of each individual activity or process.  

A process, as defined in BS 6143: Part 

1:1992, is any activity that transforms 

inputs  into outputs , utilizing resources  

and being subject to particular controls . 

Therefore, we can represent a process by 

constructing a block diagram in order to 

identify all the elements of the process, as 

follows:  

 



Figure 2: The basic process model. 

We can identify and allocate the cost 

elements of a process under one of the 

following categories: people, equipment, 

materials and environment. Each 

individual cost element must also need to 

be identified as a cost of conformance or a 

cost of nonconformance. 

Cost of conformance (COC) is defined in 

BS 6143 : Part 1 : 1992, as the cost of 

operating the process as specified in a 

100% effective manner. On the other 

hand, cost of nonconformance (CONC) is 

defined to be the cost of inefficiency 

within the specified process. Both COC 

and CONC offer opportunities for 

improvement; that is they can both be 

reduced.  

The cost model is constructed by 

identifying all of the key activities to be 

monitored and listing them as either COC 

or CONC. Careful setting up of the cost 

model is critical to the success of the 

technique and is the first task of the 

process owner. Once set up, the model is 

used for regular reporting on performance. 

In order to achieve this, the model needs 

to remain stable to allow comparison with 

previous periods to be made and cost 

trends to be monitored. 

Once the cost elements (i.e. COC and 

CONC) have been identified, a 

programme of quality improvement 

activities should be planned, on the basis 

of information contained in the report, and 

priorities established. By considering the 

initial balance of COC and CONC, 

decisions may be made as to whether the 

process design or the elimination of waste 

is the first priority. After improvements 

have been made, the balance may shift and 

attention move to the other aspect. (BS 

6143 : Part 1 ; 1992). 

The CIMA Cost Model 

The approach used in this quality cost 

model is based on separating quality 

related costs into two categories : 

1. Money invested, or money deliberately 

spent by the organisation. We can relate 

this with the cost of prevention and 

appraisal activities or the cost of 

conformance. 

2. Money lost, or money spent 

involuntarily by the organisation. This can 

be related with the cost of internal and 

external failures or the cost of 

nonconformance. This category also 

includes the lost opportunity costs ; that is 

loss of customer confidence which well 

may mean that the customer may go 

somewhere else next time. 

The above separation of quality related 

costs into money invested and money lost 

leads to a further breakdown into more 

specific areas or project related costs (i.e 

auditing by client, auditing of suppliers, 

inspection and control of bought-in items, 

production and approval of special 

procedures, special operator approvals, 

quality engineering, validation inspection, 

repair and rectification, and waiting time). 

At this point we should note the 

importance of categorising quality related 

cost by function or activity rather than by 

person or department. The reason for this 

is that every organisation structure, has 

different levels of authorities and 

responsibilities. Therefore it would be 

misleading to calculate only the cost of the 

QA department or the inspection 

department. What we should try to 

identify are the costs of inspection, quality 

planning, repair and so on, which are 

likely to be included in more than one area 

or departments of the organisation. 

As in all models, the key point is to know 

where the quality related costs arise, what 

their magnitude is, and try to control them 

by keeping them at a minimum level 

without sacrificing the level of quality 

(Antonaras, 1996). 

The importance and usage of quality 

costs 



Quality costing can be used as a lever to 

gain top management to initiate an 

improvement project. Top managers tend 

to be influenced by data expressed in 

monetary terms rather than technical data 

such as defect rates. Their main area of 

interest can be reflected as a strategic 

business objective in a company. Their 

commitment is decisive for the success of 

TQM because many resources should be 

invested in quality improvement projects. 

In addition to providing a communicating 

bridge between line and top management, 

quality costing can provide an overall 

index for managers to evaluate and 

monitor the economics, effectiveness and 

efficiency of quality activities in their 

organisation, and highlight improvement 

areas by product, service, operation, 

process and department. Quality costs 

integrate all the separate quality activities 

into a total quality system. They force the 

entire organisation to examine the 

performance of each quality activity in 

terms of cost. (Hwang, G.H. & Aspinwall, 

E.M., 1996) 

Many companies have developed quality 

cost reporting systems to assist them in 

identifying, controlling and minimising 

these costs. The information provided by a 

quality cost system serves several 

purposes. 

First, quality cost information helps 

managers see the financial implications of 

poor quality. When managers are 

presented for the first time with a quality 

cost report they are often surprised 

because usually they are unaware of the 

magnitude of their quality costs. So, by 

reporting quality costs, an organisation 

can highlight areas for potential  savings. 

Second, quality cost information helps the 

top management of an organisation to 

prioritise improvement efforts. For 

example, if the quality cost report indicate 

that the organisation is incurring excessive 

scrap or warranty costs for a specific 

product line, then quality improvement 

efforts can be specifically directed at the 

problems causing the greatest losses. 

Third, quality cost information provides a 

basis for establishing quality improvement 

budgets as top management seeks to 

reduce the total cost of quality. 

Fourth, quality cost information provides 

a basis for comparing the quality cost 

performance of different production lines 

in order to help the top management to 

identify and transfer successful techniques 

and ideas from the best performing 

production lines to the others. 

Fifth, quality cost information helps the 

top management of an organisation to 

monitor the trends of quality costs and 

decide which need to be reduced and 

determine the overall strategy. 

Although, quality cost systems can 

provide useful information to the top 

management, they suffer from a number 

of limitations. 

First, by only measuring and reporting 

quality costs you cannot solve quality 

problems. You need to have the right 

organisational mechanisms for identifying 

and eliminating the root causes of these 

quality problems. 

Second, quality cost reports focus on the 

costs of poor quality but tend to ignore the 

revenue benefits from improved customer 

satisfaction and loyalty, which are 

potentially the greatest sources of 

economic value from quality improvement 

(Ittner, 1995). 

Examples of Measuring CoQ 

Two examples of measuring Cost of 

Quality Greek are illustrated below. The 

first example uses the CIMA model to 

measure the CoQ of the Manufacturing 

Division of a large defence organisation, 

while the second example uses the PAF 

Model to measure the CoQ of a large IT 



organisation. Both organisations are based in Greece.  

Table 1 and 2 and Figure 1 that follow illustrate, in a summarised form, what has been 

expended in the specific quality related activities by the Manufacturing Division of a large 

defense organization and highlight opportunities for cost improvement.  

Quality Activity
Cost                  

(in euros)

% of              

Total QRC

Cost                    

(in euros)

% of                

Total QRC

Contract audits 3.201,17 1,00% 3.651,38 0,95%

Supplier audits 1.422,74 0,45% 1.788,43 0,46%

Quality Engineering 0,00 0,00% 0,00 0,00%

Inspection of bought-in items

·         Receiving inspection 27.174,76 8,50% 51.178,28 13,25%

·         Laboratory Tests 37.056,49 11,59% 59.708,00 15,46%

·         Total 64.231,25 20,10% 110.886,28 28,71%

Special process approvals 3.166,17 0,99% 2.523,83 0,65%

Validation inspection 141.385,18 44,24% 159.226,28 41,23%

Repair and rectification 14.306,90 4,48% 11.126,83 2,88%

Training 41.874,14 13,10% 32.544,19 8,43%

Calibration of inspection & test equipment 50.022,13 15,65% 62.366,11 16,15%

Delays 0,00 0,00% 2.088,92 0,54%

a.Total Quality Related Costs 319.609,70 386.202,25

b.Total Manufacturing Division Costs 2.962.398,90 2.944.105,08

Ratio = (a / b) x 100 10,79 13,12

Year X Year Y

 
Table 1 - Quality Related Costs of a Manufacturing Division using CIMA Model 

 

 

 
Figure 1 – Analysis of the CoQ elements of a Manufacturing Division using CIMA Model 

 

CoQ data presented in Table 1 and Figure 1 show that the total Quality Related Cost has 

increased by 20.3% from year X to year Y. This increase is wholly attributed to the increase 

in the total quality related effort which in turn, is due to the increase in production volume.  

Four activities are the most significant contributors to the cost and  are strong candidates for 

investigation of cost reduction possibilities. It is also worth noting that their ranking, as 

shown  below, according to the magnitude of their contributions to the total QRC, shows 

absolute consistency: 



CoQ Element Year X Year Y

1. Validation Inspection 44,20% 41,23%

2. Inspection of bought-in items 20,10% 28,71%

3. Calibration of inspection & test equipment 15,65% 16,15%

Total Inspection activities (1+2+3) 79,95% 86,09%

Repair & Rectification 4,48% 2,88%  

Table 2 – Major Contributors to the CoQ of a Manufacturing Division using CIMA Model 

      

A closer look at the above high-cost 

activities shows that although the 

Validation Inspection cost has decreased 

by almost 7% from Year X to Year Y, this 

activity is consistently the highest cost 

contributor to the total QRC. At the same 

time there is a significantly high increase 

of the Year Y cost of inspection of 

bought-in items over year X, in excess of 

70%. 

Corrective action concentrated on these 

activities will have the greatest impact on 

quality cost improvement. Validation 

Inspection costs could be reduced by 

making SPC a critical component of the 

corrective action plan, a silent partner in 

the pursuit of quality improvement. The 

SPC program to be implemented should 

not just be “plotting points on a chart” tool 

in the hands of Quality Assurance 

Department personnel. It has to place 

gauges and charting methods in the hands 

of the operators to enable them to 

progressively check their work. Thus, 

quality can be “build-in” rather than 

merely inspected after the work has been 

completed. 

Incoming inspection and testing of 

bought-in items costs can be reduced by 

(i) spreading such costs over larger 

quantity buys after, of course, evaluating 

the risk of obsolete material due to design 

changes, (ii) arranging with suppliers to 

buy from the same batches, (iii) 

witnessing inspection and test at suppliers‟ 

premises, (iv) buying materials direct from 

customers, if cost effective, or requesting 

their supply by customers, and (v) 

employing acceptance sampling 

techniques.   

Table 2 below present the CoQ of a major Greek IT organisation as calculated using the 

Prevention-Appraisal-Failure Cost Model. The cost data are available for only one year, but 

still provide useful information on how the organisation should act in order to reduce CoQ. 



Staff training  134.750 Design review  8.690

Requirements analysis  154.572 Code inspection  175.296

Early prototyping  62.062 System FAT  330.484

Fault-tolerant design  38.016 Training testers  1.584

Quality planning 6.160 UAT 183.656

Quality auditing 1.804

Quality Improvement programs 20.548

Clear specification  18.392

Accurate internal documentation  145.992

Total Prevention Cost 553.784 Total Appraisal Cost 516.054

Bug fixes  259.490 Technical support 3.190

Preparation of support answer books  1.166

Investigation of customer complaints  10.274

Refunds and recalls  0

Coding / testing of interim bug fix releases   33.616

Supporting multiple versions of the 

product in the field 8.316

PR work to soften drafts of harsh reviews   11.418

Warranty costs  0

Total Internal Failure Cost 259.490 Total External Failure Cost 67.980

Prevention Appraisal

Internal Failure External Failure

 
Table 3 - Quality Related Costs of an IT Organisation using PAF Model 

Closely examining Table 3 shows clearly that there is a unique cost element, namely bug 

fixes, that significantly contributes to the overall CoQ of the organisation. To reduce this 

cost element the organisation needs to improve the quality of software development (better 

coding). Therefore, emphasis should be given to preparing more careful and detailed product 

designs and ensuring that all stakeholder requirements are elicited before proceeding to the 

design and prototyping phases. The value of the CoQ analysis will be much greater once 

similar data are available for following years.   

Implementation Risks 

Quality Cost Analysis looks at the 

company‟s costs, not the customer‟s costs. 

The manufacturer and seller are definitely 

not the only people who suffer quality-

related costs. The customer suffers 

quality-related costs too. If a manufacturer 

sells a bad product, the customer faces 

significant expenses in dealing with that 

bad product. 

Gryna (1988) and Juran & Gryna (1980) 

point out several problems that have 

caused cost-of-quality approaches to fail.. 

First, it‟s unwise to try to achieve too 

much, too fast. For example, one should 

not try to apply a quality cost system to 

every project until it is applied 

successfully to one project. And one 

should not try to measure all of the costs, 

because he probably can‟t. 

Second, beware of insisting on 

controversial costs. Gryna (1988) points 

out several types of costs that other 

managers might challenge as not being 

quality-related. If one includes these costs 

in his totals (such as total cost of quality), 

some readers will believe that he is 

padding these totals, to achieve a more 

dramatic effect. Gryna‟s advice is to not 

include them. This is usually wise advice, 

but it can lead to underestimate customer‟s 

probable dissatisfaction with a product.  

Benefits of Measuring CoQ As Plunkett and Dale (1990) point out, 

CoQ can be used for a number of other 

benefits, which are outlined here. 



 CoQ can provide cost data for 

motivational purposes.  Many 

organizations today are looking for 

ways to demonstrate the relationship of 

employee efforts to the bottom line.  

CoQ serves this purpose by portraying 

results in numbers to which members 

of a development organization directly 

contribute. 

 CoQ can provide a basis for budgeting 

the quality operation.  When the trade-

offs between quality and costs are 

clearly identified, a stronger rationale 

can be made for budgeting the quality 

function.  Rather than allocating the 

quality operation a percentage of the 

total development budget, management 

can budget the quality operation based 

on expected returns. 

 CoQ can be used to compare process 

improvements and identify the most 

cost effective ones.  It provides the 

basis for measuring and comparing the 

cost effectiveness of all the quality 

improvements undertaken by an 

organization. 

 CoQ provides one measure of 

comparing the success of projects.  

Even within a given organization, the 

software process may vary widely from 

one project to another.  The many 

factors, tangible and intangible, which 

characterize a project make it difficult 

to compare projects.  CoQ can be 

measured within and across projects 

and provides a means of comparison. 

 CoQ can be used to identify quality 

improvement candidates.  Examination 

of the CoQ components often reveals 

higher quality costs in particular area.  

For example, high appraisal costs due 

to integration testing may indicate a 

lack of consideration for interfaces 

during design, or it may indicate late 

design changes.  Analysis of the causes 

of these costs can provide the basis for 

quality initiatives in development 

processes. 

 CoQ can be used to reduce the quality 

costs by altering the process in a 

particular project.  Once the 

relationships and trade-offs among the 

CoQ components are understood, then 

adjustments can be made on a project-

by-project basis.  Weller (1993) offers 

the example of a project in which 

inspection data and partial unit test 

results were the basis for a decision to 

skip the bulk of unit testing, resulting 

in significant savings.  This decision 

was confirmed in the low defect 

discovery rates produced by integration 

testing.  Although this example uses 

only two of the CoQ categories, it 

illustrates a cost-beneficial trade-off 

made once the relationship between the 

two categories was understood. 

 

Conclusions 

CoQ is a proven technique in 

manufacturing and service industries both 

for communicating the value of quality 

initiatives and for indicating quality 

initiative candidates. CoQ analysis links 

improvement actions with associated costs 

and customer expectations, and this is 

seen as the coupling of reduced costs and 

increased benefits for quality 

improvement. Therefore, a realistic 

estimate of CoQ and improvement 

benefits, which is the trade-off between 

the level of conformance and non-

conformance costs, should be considered 

an essential element of any quality 

initiative, and thus, a crucial issue for any 

manager. Like all other quality initiatives, 

the measurement of the Cost of Quality is 

the responsibility of top management. 

Unless top management understands what 

quality costs are and takes an immediate 

and continuing interest in CoQ, little can 

be accomplished.  
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