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Quality is often considered to increase costs in manufacturing and services but especially 

quality of conformance is actually not creating costs, it is reducing them. Producing good 

products on the first try is always cheaper than having to do extra work. Cost of Quality is 

utilized to visualize the amount of money a company spends in achieving conforming results, 

the money lost in nonconformance handling and in other potential losses. CoQ offers 

companies a tool to recognize what needs to be improved to gain material and cost savings. 

This thesis studies how cost of supplier quality should be measured for case company. The 

literature review includes presentation of different CoQ frameworks and its utilization in 

supplier management. Based on the literature review PAF model is chosen to be used for 

case company’s Supplier Cost of Quality calculation. Effort is also made to include 

opportunity costs in the model.  

Result of the study is a Supplier Cost of Quality model where quality costs are divided 

according to PAF categories. Quality cost elements are also defined for each category and 

definition of the most critical cost categories is also given.    



TIIVISTELMÄ 

Lappeenrannan–Lahden teknillinen yliopisto LUT 

LUTin insinööritieteiden tiedekunta 

Tuotantotalous 

 

Katariina Spora 

 

Laskentamallin luominen toimittajalaadun laatukustannusten laskentaan 

 

Tuotantotalouden pro gradu -tutkielma 

2026 

73 sivua, 9 kuvaa, 7 taulukkoa ja 1 liite 

Tarkastajat: Professori Petri Niemi ja Professori Janne Huiskonen 

Avainsanat: Laadun kustannukset, huonon laadun kustannukset, toimittajalaadun 

kustannukset, toimittajahallinta, toimittajalaadun mittarit 

 

Laadun ajatellaan usein aiheuttavan kuluja, mutta todellisuudessa laadukas toiminta 

vähentää kuluja enemmän kuin luo niitä. Laadukkaiden tuotteiden tekeminen on aina 

halvempaa kuin työn korjaaminen jälkikäteen, sillä työn uudelleen tekeminen tai 

korjaaminen aiheuttaa aina lisäkustannuksia.  

Laatukustannusten laskeminen konkretisoi laadun tuottamiseen käytetyn rahasumman, 

poikkeavien tilanteiden selvittämiseen liittyvät kulut sekä muut kulut, jotka saattavat johtua 

huonosta laadusta. Selvittämällä, että millaisia laatukuluja toiminnasta syntyy, voidaan 

tunnistaa yrityksen kannalta kriittisiä parannustoimia, joilla toimintaa voidaan tehostaa 

luoden materiaali- sekä kustannussäästöjä.  

Tässä työssä tutkitaan, miten tapausyrityksessä tulisi laskea toimittajien aiheuttamia 

laatukustannuksia. Kirjallisuuskatsauksessa perehdytään laatukustannusteorioihin ja niiden 

hyödyntämiseen toimitusketjun ylävirrassa sekä laatukustannusten tyypilliseen 

mittaamiseen ja raportointiin. Kirjallisuuskatsauksen pohjalta PAF-malli valittiin 

tapausyrityksen toimittajalaadun laatukustannusmallin pohjaksi. Perinteisen PAF-mallin 

lisäksi aineettoman hukan kustannuksia arvioitiin laatukustannusmalliin.  

Työn lopputuloksena syntyi toimittajalaatukustannusten laskentamalli PAF-kategorioihin 

jaoteltuna. PAF-kategorioiden eri laatukustannuksille määritettiin työssä myös 

kustannuskomponentit sekä määritettiin mitkä kategoriat ovat tapausyritykselle laskennassa 

kriittisimmät.  
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1  Introduction 

Product quality and overall costs are important topics for all manufacturing companies. It is 

often said that quality is increasing costs, but the truth is that producing good quality on the 

first try is a lot cheaper than having to do same work twice (Feigenbaum, 1991, p. 109). 

Quality costs have been discussed and studied since J. M. Juran (1951) published the first 

framework regarding quality costs and explained how they link to company’s overall profit. 

Since then, multiple frameworks and approaches have been developed to offer ways to 

understand the monetary value of quality (Cost of Quality, CoQ) and especially the lost value 

when needed quality level is not achieved (Cost of Poor Quality, CoPQ). Understanding 

quality in monetary terms helps upper management understand the impact of quality better 

than other quality metrics as they do not really tell them anything (Crosby, 1984, p. 86). This 

acts as a driver to prioritize improvement actions that are needed to increase quality which 

will reduce the amount of CoQ. 

 

Interest towards supply chain aspect in measuring CoQ has increased during 21st century as 

it offers ways to build cost efficient and resilient networks (Srivastava, 2008; Ramudhin et 

al., 2008; Castillo-Villar et al., 2010; Selepe & Makinde, 2024; Khazaeli et al., 2024). The 

quality level that is produced by the suppliers of a manufacturing company affects customer 

satisfaction in long term (Trent & Monczka, 1999, p. 928). This requires organizations to be 

able to manage the subcontracting chain’s quality capabilities and constantly improve it to 

gain strategic advantages. Therefore, measuring just organization’s internal quality costs is 

not sufficient to recognize and guide needed improvement activities. Understanding the 

quality costs arising from suppliers can shift efforts into needed improvements also outside 

organization’s borders. 

 

The impact of supplier quality on manufacturing company’s CoQ has been researched to 

some extent, but clearly less than traditional company’s internal CoQ. However, Supplier 

CoQ (SCoQ) is well-recognized method for supplier quality management (Campanella, 

1999, p. 74; Noshad & Awasthi, 2014; Noshad & Awasthi, 2018) and it may have a 
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significant role in company’s CoQ (Campanella, 1999, p. 74; Noshad & Awasthi, 2018). 

SCoQ’s role in total quality costs will remain hidden until it is measured, which can be 

accomplished with same methods as measuring company’s internal CoQ (Campanella, 1999, 

p. 74; Juran & DeFeo, 2015, p. 997).   

1.1  Goals and scope of the thesis 

The goal of this thesis is to create a framework for calculating supplier Cost of Quality in a 

case company. The case company is multinational technology company, and it consists of 

multiple sites worldwide. Case company aims to continuously and proactively improve its 

supplier’s quality capabilities. SCoQ measurement is to be implemented into supplier quality 

management key performance indicators (KPI) to act as a driver for continuous 

improvement.  

 

Overall, there are three research questions to guide the study to developing SCoQ for the 

case company’s needs. One additional sub question was formed to support the SCoQ model 

creation. Research questions are presented in table 1. 

 

Table 1: Presentation of research questions 

 

 

To create a framework for supplier CoQ in case company it is essential to understand what 

CoQ and CoPQ are, what costs are typically considered as quality costs and how they can 

be measured. The CoQ frameworks alone do not provide enough information to implement 

calculation for supplier CoQ. Therefore, the study also focuses on the nuances of measuring 
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supplier CoQ to give enough guidance for the specific area of supplier management. From 

this the first research questions are formed: 

 

RQ1: What are known CoQ/CoPQ frameworks and how quality costs are measured? 

 

RQ2: What costs are associated with SCoQ and how these costs are measured? 

 

The goal of the research is to create the framework for calculating case company’s Supplier 

CoQ. Dale & Plunkett (1991, p. 29) state that the quality costs are unique for each company 

as all companies are structured and operated in different ways. Therefore, the cost types need 

to be determined for case company’s specific needs. This can be achieved by determining 

what costs are created in the case organization because of supplier quality activities and 

events. Creating perfect system for CoQ measurement is nearly impossible to achieve 

(Crosby, 1979, p. 104; Crosby, 1984, p. 86), but typically it is enough if organization can 

establish a measurement that captures most of the CoQ sources. Also, quality costs by nature 

are complex and trying to capture every cent will most probably result in creating such a 

complex calculation that it becomes hard to use and maintain. Impact analysis is done to 

ensure that the created model factors in the cost types that are accumulating most of the 

costs. This leads to third research question and first sub question: 

 

RQ3: How the SCoQ should be calculated in the case company? 

 

SQ1: How does supplier quality activities/events impact the case organization? 

 

Cost of Quality is a wide topic, and some limitations are needed to create an effective model 

for case company’s needs. The first limitation is that the research focuses only to the 

manufacturing units of the case company as they are the units that manage supplier base and 
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receive supplied materials. Other units are also affected by supplier quality, but not to the 

same extent as manufacturing units. 

 

Secondly, quality costs are formed in all phases of supply chain. Dale & Plunkett (1991) 

were first to present a framework where supplier’s operations are also considered as a part 

of CoQ elements. Recent studies have focused also more and more to taking the whole 

supply chain into the CoQ calculation to create more cost efficient and resilient supply chains 

(Srivastava, 2008; Ramudhin et al., 2008; Castillo-Villar et al., 2010; Selepe & Makinde, 

2024; Khazaeli et al., 2024). Campanella (1999), Juran & Gryna (1988) and Feigenbaum 

(1991) all conclude that the costs forming at supplier site are part of hidden supplier cost of 

quality when they are considered from the buying company’s perspective. Hidden costs can 

be measured or approximated to some extent (Campanella, 1999 p. 7; Chen & Yang, 2003, 

p.334; Krishnan, 2006), but this thesis concludes that these costs would give organization 

valuable information on total item cost, but currently there is no effective way to calculate 

this in buyer organization. Hereby, the second limitation is that this thesis only covers costs 

that can be identified, measured, or approximated by the case company. For approximating 

costs there needs to be solid reasoning, and the data needs to be reliable to be added to the 

model. 

 

The final limitation for this study is that the thesis only covers creation of the theoretical 

framework for calculating SCoQ at case company. CoQ report creation and KPI 

implementation are not part of this study. With these three limitations it is expected that the 

thesis will give a well-structured starting point for SCoQ calculation. Crosby (1979, p. 104) 

states that the most common failure in implementing CoQ programs is the never-ending fine 

tuning of the model and thereby never implementing the model to begin with. Especially the 

first two limitations have been placed to prevent this failure in this study. 

1.2  Study methods and execution 

This study was executed as a qualitative case study to understand the case organization’s 

needs and to create SCoQ model to be used in supplier management. More precisely the 
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study is an action study according to Kananen (2012, p. 42) as it develops a functional model 

that the case organization can use, and the executor of the study participates in the 

development activities.  

 

Prior to this study a current state analysis was concluded, where the current state of CoQ and 

SCoQ reporting was evaluated in the case company. This study was designed after current 

state analysis to meet the goal of finalizing the SCoQ calculation framework. The plan for 

study execution followed the typical action research flow: 

1. Understanding the current state of the problem, 

2. Defining the development scope, analysing the problem, 

3. Finding factors that affect the problem, 

4. Finding solutions for the problem, assessing them and choosing best alternatives, 

5. Testing the solution (Kananen, 2012, p. 52). 

 

The thesis work started with understanding the theoretical concepts that were relevant for 

the study. These concepts were Cost of Quality frameworks, how CoQ should be measured 

and how CoQ calculation can be utilized in supplier management. The scope was set in the 

early stages of the study, and it is presented in previous chapter. Juran & Defeo (2015, p. 

163) suggests that the development of CoQ model should be started with understanding what 

activities result in adding to cost of quality in an organization. Empirical study was therefore 

started with a survey to gain understanding of the impact of supplier quality. The answers 

were analysed, and they gave indication on the division of working time allocation for 

different supplier quality events. This formed the basis for creating SCoQ model, which was 

done in two separate workshop events with cross functional team. Workshop results were 

yet again analysed and compared to the available theoretical understanding and steering 

group was presented with options on how to go forward. Steering group comments were 

taken into consideration, and the model was clarified to fit its purpose better and tested that 

the costs it presented were logical. Further testing and implementation are the final steps of 

the action research (Kananen, 2012, p. 52). Due to the limitations of the study, this part is 

not presented, but it is recommended in the conclusions that the organization continues with 

the implementation of the model and tests it further. 
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1.3  Thesis structure 

This master’s thesis is divided into two parts: theoretical and empirical research phase. The 

results are presented in four main chapters. Each chapter focuses on different area of study 

execution. There are specific inputs for each of the chapters, and they provide key 

information for the content resulting in chapter output. Input-output table is presented in 

figure 1. 

 

 

Figure 1: Input and output table for each chapter 

 

Introduction chapter is designed to introduce the thesis subject overall including presenting 

the subject shortly, introducing the goals, research questions and scope of the thesis and 

explaining research methods. Finally, the structure and research frame are presented in this 

chapter. Introduction chapter uses overall study information as input material.  

 

Second chapter of the thesis presents the relevant literature and research for this study and 

answers to RQ 1 and RQ 2. To determine what is relevant for the study in question the 
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background information needs to be understood. Researched topics were determined based 

on the case company’s problem description and improvement need. Existing literature and 

studies were researched based on this understanding and the content was determined to cover 

four areas: 

1. Cost of Quality phenomenon, 

2. Relevant Quality Cost models, 

3. Supplier Cost of Quality, and 

4. Measuring and reporting Cost of Quality. 

Cost of Quality introduction explains what CoQ is and why it is relevant for companies. 

Then different quality cost models are presented, and it is stated that the relevant CoQ models 

for this research are PAF and opportunity cost models, which are presented in more detail. 

CoQ model presentation also includes overview of supply chain models and discussion about 

hidden quality costs to better explain the nature of quality costs and their usage with external 

stakeholders. Supplier CoQ explains the quality cost types that are typically connected with 

supplier management, which is important to understand to build a SCoQ model. The 

theoretical frame concludes in discussion on the practicalities of measuring cost of quality. 

This chapter outlines how such measurement should be built, what are the typical pitfalls of 

measuring CoQ and what results other companies have achieved in the literature. 

 

Third chapter presents the empirical phase of the study. The inputs for this chapter were the 

key findings from the literature review, scientific research literature, case organization 

background information and quality process knowledge and the empirically collected data. 

Third chapter focuses on explaining where and how the research was conducted and presents 

the results of the study. It also answers to RQ 3 and SQ 1. The fourth chapter closes this 

thesis with analysing if all research questions were answered and how well the created SCoQ 

model is supported by known scientific literature. Finally, thesis is concluded with 

suggestions for future development. 
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2  Literature review 

The literature review focuses on understanding the theories and frameworks of Cost of 

Quality. This chapter includes presentation of CoQ frameworks that are relevant for the 

creation of SCoQ model, discussion on the general application of CoQ in supplier 

management and the measurement of CoQ in practise. 

2.1  Cost of Quality 

Terms cost and quality have been jointed in literature already in 1930 (Krishnan, 2006, p. 

82). In 1950s both J. M. Juran and A. V. Feigenbaum published research that explained the 

connection between profitability and quality (Krishnan, 2006, p. 82; Ibidabo, 2022, p. 154). 

These publications have been the corner stones of cost of quality research since then. After 

1960 research of cost of quality has increased and various CoQ frameworks and quality 

costing methods have been presented since. 

 

There are several definitions for Cost of Quality and Cost of Poor Quality. Juran & Defeo 

(2015, p. 75) define CoPQ as “the costs that would disappear in the organization if all 

failures were removed from a product, service or process”. American Society for Quality 

(ASQ) defines CoQ as “a measure of the costs specifically associated with the achievement 

or nonachievement of products or service quality” (Campanella, 1999, p. 4). Krishnan (2006, 

p. 81) states that roughly it can be said that the CoQ is defined as all activities relating to 

achievement of needed quality whereas CoPQ most often means the nonconformance quality 

costs. However, Yang (2008, p. 177) finds that CoQ and CoPQ are used as synonyms in 

literature and clear distinction cannot be made between them. This thesis however 

differentiates the CoQ and CoPQ following Krishnan’s (2006) division. 

 

Cost of Quality quantifies quality in terms that upper management understands, money 

(Juran & Gryna, 1988, p. 4.5; Dale & Plunkett, 1991, p. 16). Crosby (1984, p. 86) states that 

presenting quality for example as the number of defective parts, does not tell management 
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anything. Even when transferring the defective unit amount into monetary terms the sum 

would be very insignificant, and this is why CoQ program is needed: to shed light on the 

true impact of quality (Crosby, 1984). CoQ measurement can offer organization multiple 

benefits when it is implemented well and it supports the strategic targets (Gupta & Campbell, 

1995, p. 47; Sandoval-Chavez & Beruvides, 1998, p. 117). According to Gupta & Campbell 

(1995, p. 49) CoQ sets the stage for continuous improvement and cost effectiveness. Cost of 

Quality measurement and follow-up gives attention to the high-expenditure areas, and it can 

therefore identify cost savings opportunities (Dale & Plunkett, 1991, p. 16). Juran & DeFeo 

(2015, p. 159) further states that lowering CoQ requires improvement projects, but to 

improve quality of deficiencies break through improvements are needed. If CoQ is not 

measured and followed up, there is a risk that other quality indicators do not highlight the 

correct improvement areas and needed improvements are not executed thus resulting in 

wasted resources (Krishnan, 2006). 

 

 

Figure 2: Cost break-even chart, adapted from Juran & DeFeo (2015, p.9) 

 

Quality costs are often hidden in accounting systems as “costs of goods sold” (Campanella, 

1999, p. 185). Reducing CoQ increases company’s profit margin (figure 2) either by 

lowering variable costs and thereby increasing profit or by allowing price reductions for 

products while maintaining same profit level and increasing sales (Campanella, 1999, p. 185; 
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Juran & Defeo, 2015, p. 160). This is what Juran (1951) describes as “the gold in the mine” 

for manufacturing companies and this correlation is the reason CoQ should be of interest for 

upper management.  

2.2  Quality cost models 

A quality cost model is the framework that organization uses to categorize their quality costs. 

The model typically consists of top-level categories, which are divided into further cost 

elements (Campanella, 1999, p. 31-32). The categorization and estimated cost elements vary 

between presented CoQ frameworks.  Even though the quality cost models have been studied 

and developed for decades, there are only a handful of categories that they all fall in: 

1. PAF model, Crosby model, 

2. Opportunity cost model,  

3. Process cost model, and  

4. Activity Based Costing (ABC) model (Shiffauerova & Thomson, 2006; Chehah et 

al., 2011; Gavriluc & Georgescu, 2023). 

 

The PAF model is the most used and universally accepted quality cost model (Dale & 

Plukett, 1988; Dale & Plunkett, 1991; Sandoval-Chavez & Beruvides, 1998; Campanella, 

1999; Shiffauerova & Thomson, 2006), where the costs have been divided into three 

categories: prevention, appraisal, and failure. PAF model focuses on identifying quality costs 

from product perspective whereas process cost model focuses on reducing waste in 

organization’s processes rather than in products or services (Shiffauerova & Thomson, 2006, 

p. 652). Process model is in general more integrated to organization’s structure and the 

ownership is distributed around organization (Porter & Rayner, 1992, cited in Shiffauerova 

& Thomson, p. 652), and the PAF model is typically most valuable to and owned by the 

quality department (Dale & Plunkett, 1991, p. 26). Goulden & Rawlins (1995) found in their 

study that the process model was not in widespread use, even though it supported Total 

Quality Management (TQM) principles better than traditional PAF model. Opportunity cost 

models have been developed after researchers have found deficiencies in PAF model and 
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how it does not consider intangible costs of quality well enough (Shiffauerova & Thomson, 

2006, p. 651).  

 

Activity-based costing method measures costs of resources and they are assigned to 

activities. The activities are allocated to cost objects based on their use (Chen & Yang, 2008, 

p. 327). Traditional accounting systems often combine overhead expenses into standard costs 

as a proportion of direct labor (Campanella, 1999, p. 63). However, ABC costing 

methodology allows organization to allocate true overhead costs to unit prices as the costs 

can be directly calculated for each product or service (Campanella, 1999, p. 65). Quality 

costs can be calculated with ABC methodology as any other costs. According to Campanella 

(1999, p. 69) using ABC method for tracking quality related costs would support more 

accurate product pricing. Shiffauerova & Thomson (2006, p. 653) states that ABC model is 

not actually quality cost model at all, it is an alternative way to allocate expenses more 

accurately, and doing so supports also management of quality costs.  

 

This thesis further studies PAF models and opportunity cost models due to their applicability 

for the case company and the quality cost model need. SCoQ is needed for KPI purposes, 

and not for accurate product pricing. Even though ABC showcases potential for supplier 

quality cost calculations, the aim is to report costs as easily and simply as possible. PAF 

model is better for this use. Also, when discussing supplier quality, the focus is on product 

costs more than organizational processes, which rules process costing models out of the 

scope. 

2.2.1  Juran’s model 

J. M. Juran first presented the “economics of quality” model in 1951. Economics of quality 

refers to the hypothesis, that there is an optimal level of quality. After the optimal level for 

quality costs is achieved, costs will increase exponentially when defect rate approaches zero. 

This leads to the fundamental issue with cost of quality: organizations need to define the 

balance between quality costs and the value of quality. The model presents the relationship 

between quality of conformance and cost per good unit of product. Juran’s theory divides 



23 

 

 

quality into two categories: quality of design and quality of conformance. According to Juran 

the former typically increases quality costs whereas the latter reduces them. The quality of 

conformance was then divided into four categories which represent the quality costs that 

organizations need to understand to lower their unnecessary costs: manufacturing expenses, 

required inspections, required quality controls and avoidable costs. Avoidable costs are the 

ones that should be eliminated to achieve the optimal level of quality and costs. (Juran, 

1951). 

 

Dale & Plunkett (1988) assessed the quality cost models and gave hard criticism on the 

economic quality models. The mostly critiqued factor of the models was their assumption 

that eliminating all avoidable costs would result into infinite quality costs (Dale & Plunkett, 

1988, p. 1724). Sandoval-Chavez & Beruvides (1998, p. 111) also states that the traditional 

quality of conformance is not enough to meet customer expectations and other costs need to 

be also considered. The rise of TQM and “Zero Defects” mindset contributed to Juran’s 

revised model, where the investment in quality efforts is always seen profitable if it decreases 

failures (Juran & Gryna, 1988, p. 4.19; Srivastava, 2008, p. 194). 

2.2.2  PAF models 

PAF model was presented in the 1956 by A. V. Feigenbaum. Feigenbaum (1956) divides 

quality costs into three categories prevention (P), appraisal (A) and failure (F). Failure 

category is further divided into internal and external quality costs. Feigenbaum (1991, p. 

116-119) presents some typical quality cost elements that could be utilized in PAF model; 

however, each company needs to define the suitable cost elements for their use case by case 

and add cost elements to the categories as they see appropriate. The definition of each 

category according to Campanella (1999, p. 5) is: 

 

Prevention = “The costs of all activities specifically designed to prevent poor quality in 

products or services.” 
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Appraisal = “The costs associated with measuring, evaluating or auditing products or 

services to assure conformance to quality standards and performance requirements.” 

 

Failure (internal) = “The costs resulting from products or services not conforming to 

requirements or customer/user needs, that occur prior to delivery, or shipment of the product 

or the furnishing of a service, to the customer.” 

 

Failure (external) = “The costs resulting from products or services not conforming to 

requirements or customer/user needs, that occur after delivery or shipment of the product 

and during or after furnishing of a service, to the customer.” 

 

Differentiation for internal and external failure costs is needed to recognize the origin of the 

issue and because the further the failure gets in the supply chain, the more it costs 

(Campanella, 1999, p. 9). It has been presented that increasing costs in prevention and 

appraisal categories results in lowering costs in failure category (Juran & Gryna, 1988; Dale 

& Plunkett, 1991; Campanella, 1999) and Crosby (1984, p. 73) stated that “the system for 

causing quality is prevention not appraisal”. Sandoval-Chavez & Beruvides (1998) found 

correlation for increasing prevention and appraisal costs to decrease failure costs and Omar 

& Murgan (2014) further found that investment in prevention will reduce both appraisal and 

failure costs.  

 

Crosby (1979) further developed the original PAF model and added categories price of 

conformance (POC) and price of nonconformance (PONC) (figure 3). This presented a new 

division of quality costs: when things are done right the first time, cost of quality equals 

prevention and appraisal costs and when nonconformances occur in the process, cost of 

failure is added (Ibidabo, 2022, p. 274). PONC is incurred of activities that could be avoided 

by not making any mistakes, and therefore this is the value a company needs to follow to 

understand the most impactful improvement areas (Crosby, 1984).  



25 

 

 

 

Figure 3: Cost of Quality taxonomy according to Crosby (1979) 

 

Dale & Plunkett (1991, p. 24) find it remarkable how majority of quality costing systems are 

based on PAF model even with its limitations. PAF model cost types need to be defined for 

each organization individually as there are major differences between industries and even 

organizations within same industry (Juran & Gryna, 1988, p. 4.6; Feigenbaum, 1991, p. 114; 

Dale & Plunkett, 1991, p. 28; Schiffauerova & Thomson, 2006, p. 653). This has led to 

practitioners adding quality cost elements that other quality professionals would not 

categorize as a quality cost, which might lower the reliability of the CoQ model (Dale & 

Plunkett, 1988, p. 24; Juran & Gryna, 1988, p. 4.10). Original PAF model has received also 

criticism due to its lack of intangible cost elements (Shiffauerova & Thomson, 2006, p. 651), 

which can add up to a significant amount of money (Sandoval-Chavez & Beruvides, 1998; 

Giakatis et al., 2001; Krishnan, 2006; Yang, 2008; Chehah et al., 2011).  

2.2.3  Supply Chain models 

Traditional CoQ models support manufacturing companies in identifying internal problem 

areas, but the typical categorization of PAF model mostly serves the needs of a quality 

department. To add clarity on the impact of quality costs for other business units also, Dale 

& Plunkett (1991) created their supply chain model (figure 4). The model is structured 

according to PAF categorization as there are well defined quality categories that are broadly 

used. The added categorization of costs under “supplier”, “in-house” and “customer” is done 

to clarify how the costs are associated to other business units. (Dale & Plunkett, 1991, p. 26). 
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Figure 4: Supply chain CoQ model, adapted from Dale & Plunkett (1991, p. 27) 

 

Supply chain aspect of CoQ study has increased in recent years. Quality cost models 

typically focus on company’s in-house quality and its costs; however, quality costs are 

accumulated in all parts of the supply chain (Srivastava, 2008, p. 199). The supply chain 

model presented by Dale & Plunkett (1991) was one of the first models to recognize different 

areas of CoQ and differentiate them by organization’s business functions. However, the 

rising trend is to understand how to effectively manage quality in the entire supply chain to 

gain market advantage (Srivastava, 2008, p. 194), which takes CoQ consideration to more 

strategic direction than it has been thus far (Castillo-Villar et al., 2012). Supply chain cost 

of quality models can be built to estimate the total costs that certain supply chain alternatives 

accumulate and support decision making when designing, optimizing and developing supply 

chains (Castillo-Villar et al., 2012; Khazaeli et al., 2023). Srivastava (2008, p. 206) also 

finds that CoQ would have strong foundation to work as a KPI for supply chains as it is 

presented in monetary value, which all stake holders understand. However, when using CoQ 

as a KPI for supply chain, the categorization of quality costs may present some reliability 

issues and lower the reliability of the KPI measurement (Srivastava, 2008, p. 206). 

2.2.4  Hidden Quality Costs 

One of the most frequently discussed drawbacks of PAF model is the fact that it does not 

recognize the hidden or intangible quality costs (Chehah et al., 2011, p. 409). Hidden quality 

costs are such costs that are hard or sometimes even impossible to define in monetary value 

(Sandoval-Chavez & Beruvides, 1998; Campanella, 1999, p. 7; Giakatis et al., 2001; 

Krishnan, 2006; Cheah at al., 2011). Tatikonda & Tatikonda (1996, p. 3) find that CoQ 

combines of hard and soft costs. Hard costs are typically visible costs including easily 

measurable cost elements whereas soft costs are harder to measure or quantify. Picture 1 
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explains the difference between visible and invisible costs in reflection to an iceberg. The 

visible costs are easily detected over water whereas the invisible costs are below the surface, 

and they are multiple times larger than the visible area of the iceberg. 

 

 

Figure 5: Visualization of hidden quality costs, adapted from Krishnan (2006, p. 84) and 

Campanella (1999, p. 7) 

 

It is important that organization recognizes the major hidden costs and strives for reduction 

in those areas (Feigenbaum, 1991, p. 135). Juran & Gryna (1988, p. 4.12) also support adding 

cost elements that can be calculated to some extent or that can be estimated based on good 

judgement to the CoQ calculation. Some practitioners have found multiplier effect to be 

useful when estimating hidden costs (Juran & Gryna, 1988, p. 4.11; Campanella, 1999, p. 7; 

Chen & Yang, 2003, p. 334). Campanella (1999, p. 7) and Juran & Gryna (1988, p. 4.11) 

present that some companies are estimating the hidden costs to be 3 to 4 times the visible 

cost amount. Chen & Yang (2003, p. 334) encourages companies to try to estimate the 
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correct multiplier if any other method is not available, because of the significance of the cost. 

Unfortunately, the hidden quality costs are often accepted as part of costs associated with 

doing business (Campanella, 1999, p. 7). However, after understanding the magnitude of the 

costs, it is most likely that top management would want to follow those up (Campanella, 

1999, p. 7). 

 

Opportunity costs or otherwise known as opportunity losses are intangible costs that can 

only be estimated (Schiffauerova & Thomson, 2006, p. 651), and they are part of hidden 

quality costs (Krishnan, 2006, p. 84). Opportunity costs are accumulating for example due 

to urgent incident handling or customer dissatisfaction which leads to lost revenue or non-

value-adding work. Sandoval-Chavez & Beruvides (1998, p. 112) argue that opportunity 

losses are most definitely quality costs even though traditional CoQ categories have 

neglected such costs in the past. They further state that downtime of equipment or loss of 

potential sales are remarkable differences from the “ideal state” of operations, and therefore 

opportunity losses should not be forgotten from CoQ calculations. Heagy (1991) (cited in 

Shiffauerova & Thomson, 2006, p. 651) also concludes that reporting at least the loss of 

potential sales is necessary.  

 

Opportunity costing models are quite similar to PAF costing models as they both have clear 

categories defined for costs and quite often opportunity costing models include PAF 

categories as well (Shiffauerova & Thomson, 2006, p. 659-650). Sandoval-Chavez & 

Beruvides (1998) expresses opportunity losses by revenue lost and profit not earned for three 

categories: opportunity losses due to poor delivery performance, opportunity losses caused 

by inadequate material handling, and opportunity costs caused by installed capacity 

underutilization. These mentioned costs are combined with traditional PAF categories in 

their model. Giakatis (2001) quantifies opportunity losses by manufacturing and design 

losses, which are added similarly as separate categories on top of original PAF. Yang (2008) 

takes similar yet different approach and divides quality costs to traditional PAF costs and 

hidden costs by using process costing method. Hidden costs are further categorized to extra 

resultant costs and estimated hidden costs which also include opportunity costs such as waste 

of labor hours and opportunity cost of customer loyalty.  
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Chehah et al. (2011) and Sandoval-Chavez & Beruvides (1998) found in their studies that 

opportunity losses could add up to even doubling company’s CoQ. Giakatis et al. (2001) 

reported findings of three times higher CoQ when adding as many hidden quality costs into 

the model as possible. Recognizing and reporting hidden costs can take a lot of effort 

(Krishnan, 2006), but especially companies that are mature in quality costing should focus 

on this area as it will open new improvement opportunities (Giakatis et al., 2001, p. 190). 

Taking the time and effort to shed light on hidden quality costs will improve the accuracy of 

the performance measures (Krishnan, 2006, p. 98) and support the cost reduction program 

utilization more effectively (Chehah et al., 2011).  

2.3  Supplier Cost of Quality 

Depending on the nature of the business, supplier quality might play a significant role in 

customer satisfaction, and this is why organization needs to consider supplier quality as a 

strategic component of doing business (Trent & Monczka, 1999). Batson (2008) presents 

supplier quality management trends to include consideration of costs in three of the four 

major trend areas, and Juran & Gryna (1988, p. 15.2) also stress supplier quality 

management’s role as poor quality of supplied items results in higher costs. The basis for 

achieving world-class supplier quality requires organizations to measure supplier 

performance and work out ways to improve it (Trent & Monczka, 1999). Measuring the cost 

of poor quality is a well-recognized however often neglected method to understand the 

impact of a certain supplier’s quality related issues (Noshad & Awasthi, 2014) yet the impact 

of supplier quality to quality costs might be significant (Campanella, 1999, p. 74). It is more 

common for a company to measure the scrap rate and the material review board (MRB) 

inventory balance to track the impact of poor supplier quality (Noshad & Awasthi, 2018, p. 

217). This cost however does not capture all needed costs and is often very much lower than 

the true cost of poor quality (Crosby, 1984). Tracking the CoPQ of a supplier among other 

elements, allows the organization to evaluate the specific improvement areas for each 

supplier and thereby improve supplier quality performance (Campanella, 1999, p. 74; 

Noshad & Awasthi, 2014, p. 468).  
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Supplier quality costs follow the same principles as organization’s internal quality costs and 

they can be divided into PAF categories (Campanella, 1999, p. 74; Juran & DeFeo, 2015, p. 

997). Chen & Yang (2003, p. 333-334) state that there are three types of supplier quality 

costs: observable costs, costs due to different activities that need to be performed and hidden 

costs. Observable costs are the typical product and material costs that can be found from 

accounting books (Chen & Yang, 2003, p. 333). Activity costs are incurred as different 

supplier quality tasks require actions which requires working time. The time needed can be 

calculated as actual or average costs (Chen & Yang, 2003, p. 334). Hidden supplier quality 

costs can be divided into three categories: 

1. Those costs of quality that are only visible for the supplier, 

2. Costs that are accumulated by the buying company because of problem solving at the 

supplier’s site, and 

3. The costs that are paid by the buying company due to poor quality but not claimed 

from the supplier (Campanella, 1999, p. 74; Teli et al., 2013, p. 378).  

 

The cost types that are visible for the supplier might be invisible for the buying company, 

but the incurred costs are by nature the same prevention-appraisal-failure costs (Campanella, 

1999, p. 75; Teli et al., 2013, p. 379). These costs are also part of the item purchase price, 

which means that higher quality costs at suppliers are eventually paid by the customer 

(Feigenbaum, 1991, p. 135). The costs that are accumulated by the buying firm in problem 

solving at supplier facility are typically not allocated to suppliers and therefore the cost is 

hidden (Campanella, 1999, p. 75). The third type of hidden cost may include several different 

cost types such as specifying and designing gages to be used for supplied materials, creating 

specifications, reviewing testing and inspection data, calibrating and maintaining testing 

equipment, lost production time due to material availability issues and needed field 

engineering (Campanella, 1999, p. 75-76). In addition to the previous list Yang (2008, p. 

184) finds the waste of labor hours and scrap of other parts destroyed, extra cost of urgent 

procurement and additional inventory costs to be part of hidden supplier quality costs. 

Campanella (1999, p. 76) stresses that the hidden supplier quality costs depend on the nature 

of business and should always be estimated case by case.  
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The cost impact of each supplier can be taken into consideration by calculating supplier’s 

quality cost performance index (QCPI), which can be used in estimating the true purchase 

cost of an item (Juran & Gryna, 1988, p. 15.19; Campanella, 1999, p. 77; Chen & Yang, 

2003). The best index rating is 1.0 and the index grows as supplier’s quality costs increase 

(Chen & Yang, 2003, p. 328).  

 

QCPI = (Supplier Quality Cost + Purchased Cost) / Purchased Cost 

(1) 

Juran & Gryna (1988, p. 15.19) and Campanella (1999, p. 77) suggest identifying the main 

categories that are creating the supplier quality costs and to track those for creating QCPI. 

Chen & Yang (2003) defined in their study that the six (6) cost event types that should be 

calculated in the QCPI were rejects, sorting, shut-down, rework, scrap and customer 

complaints. Campanella (1999, p. 78) presents one successful QCPI implementation to have 

included processing of incoming rejections, complaint investigations, processing in 

receiving inspection and defective product after receiving inspection.  

2.4  Measuring Cost of Quality 

There are four steps into measuring company’s CoQ. Defining the framework for CoQ is the 

first step in CoQ implementation. In order to get data company has to also decide how costs 

will be estimated, collect data and refine cost estimations and analyse the results. CoQ data 

can be found from multiple sources including special time reporting, special data collections, 

cost accounting, materials management, sales, other reports and even informed judgement. 

(Juran & DeFeo, 2015). 

 

A lot of the CoQ data is soft and therefore requires estimation. This type of data can be 

located for example in customer surveys, customer complaints, returns, employee surveys, 

employee time analysis, engineering estimates and market research (Tatikonda & Tatikonda, 

1996). Chen & Yang (2008, p. 328) evaluate that development of reporting systems and data 

integration will ease CoQ reporting as the traditional accounting systems are not quite 
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adequate for following quality costs efficiently. Even though discovering ways to measure 

soft costs might be difficult it is worthwhile as it will bring measured CoQ value closer to 

the truth. (Tatikonda & Tatikonda, 1996). 

 

It is nearly impossible to capture all quality costs into CoQ calculation and Crosby (1979) 

finds that the most common failure in CoQ implementation is the failure to ever launch the 

CoQ program as one tries to fine tune the model too long. It is sufficient that the model 

contains the most impacting quality costs and other costs can be added later as the model 

evolves (Crosby, 1979). However, leaving too many cost categories and elements out of the 

model especially the soft costs is also one typical mistake in CoQ creation (Tatikonda & 

Tatikonda, 1996, p. 3). Campanella (1999, p. 6) mentions that even when measuring and 

reporting hidden type cost elements, the most common failure is to assume that the reported 

costs represent the total value, when in practise it is not true. Other downfalls of CoQ systems 

are that they do not trace their costs to the roots (Gupta & Campbell, 1995, p. 46), costs are 

excessively approximated which leads to inaccurate results (Gupta & Campbell, 1995, p. 47) 

and measuring CoQ in a non-standardized method leading to difficulties in using CoQ as a 

base for cost reduction programme (Krishnan, 2006, p. 86). 

 

There are multiple variations for CoQ reporting. The overall value of quality costs is not 

really giving any indication on the magnitude of the quality impact, even though it is more 

telling than other quality measures as such. A comparison to another cost should be made to 

create a clear quality indicator (Herzog & Grabowska, 2021, p. 123). Juran & Gryna (1988) 

present that CoQ can be presented as percentage of sales or costs can be compared to profit 

made. Hamrol (2012, cited in Herzog & Grabowska, 2021, p. 123) suggests that quality costs 

can be compared to for example sales revenues or financial results, and in supplier 

management utilization of QCPI has been proposed by multiple authors (Juran & Gryna, 

1988, p. 15.19; Campanella, 1999, p. 77; Chen & Yang, 2003). Herzog & Grabowska (2021, 

p. 123) states that the correct indicator has to be chosen so that it fits the needs and purposes 

of the analysis.  
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Crosby (1984) presented that CoQ could cover around 20 % of manufacturing company’s 

sales income. Juran & DeFeo (2015) estimate CoQ to be 15-30 % of all costs. Noshad & 

Awasthi (2018) estimate SCoQ to cover up to 10 % of company’s income. Quality costs and 

their percentages are not easy to estimate, because company size, operating environment and 

product offering affects CoQ. Hamrol (2012, cited in Herzog & Grabowska, 2021, p. 124) 

finds that the amount of quality costs increases as the complexity and precision of the 

products increase. Hamrol (2012, cited in Herzog & Grabowska, 2021, p. 124) further 

clarifies that complex electronics manufacturing quality cost ratio compared to sales can be 

ten times more than in simple production with low accuracy. Rodchua (2009) also finds in 

their study that large organizations spend more in quality costs than small and medium 

enterprises. 

2.5  Key findings from literature 

CoQ is typically used to guide improvement projects to right topics by providing information 

about important improvement areas, where the organization is spending a lot of money. 

Although, majority of CoQ frameworks have been created for company’s internal CoQ 

reporting, majority of them do recognize supplier related costs as well. Dale & Plunkett 

(1991) published a CoQ model which takes supply chain aspect into consideration. They 

divided supplier related costs according to Feigenbaum’s (1956) PAF categories. 

Campanella (1999, p. 74) and Juran & DeFeo (2015, p. 997) also suggest that use of PAF 

categorization is applicable when calculating supplier related costs, and Yang (2008) has 

separated supplier quality evaluation and purchased parts handling as separate groups in their 

model giving a well-defined list of supplier quality related costs. 

 

Quality cost model creation starts with defining the CoQ framework (Juran & Defeo, 2015), 

which needs to be created for all organizations separately (Juran & Gryna, 1988, p. 4.6; 

Feigenbaum, 1991, p. 114; Dale & Plunkett, 1991, p. 28; Schiffauerova & Thomson, 2006, 

p. 653). As quality costs are defined for each case separately, there is a risk of adding costs 

that are not truly quality related, which in turn would lower the calculation reliability. This 

is one of PAF model’s most criticised features (Dale & Plunkett, 1988, p. 24; Juran & Gryna, 

1988, p. 4.10). Other often discussed drawback of PAF models is its lack on intangible costs 
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(Shiffauerova & Thomson, 2006, p. 651). These model specific aspects need to be taken into 

consideration when creating the SCoQ model.  

 

In general quality cost model consists of top level categories, which have smaller cost 

categories within them. Each category consists of cost elements, which are the concrete costs 

that are added for each cost category. Figure 6 presents the quality cost category taxonomy. 

Quality costs can be divided into visible and hidden costs. Visible quality costs are quite 

easy to recognize and calculate, but hidden quality cost defining might take a lot of effort. 

However, Krishnan (2006, p. 98) states that doing so will benefit the CoQ model as it will 

bring the total value closer to the truth and thereby it increases model reliability. Hidden 

quality costs include so called intangible quality costs which have been identified as crucial 

part of CoQ already by Juran (1956). Intangible costs are difficult to recognize and report, 

yet Tatikonda & Tatikonda (1996) find the lack of these to be one of the most common 

failures of CoQ models. Shiffauerova & Thomson (2006) find that organizations have taken 

opportunity loss related costs into CoQ models to create more holistic quality costing 

models. Opportunity loss visualizes for example the lost working time or machinery time, 

which could have been used for value adding work instead of solving quality issue or redoing 

already completed work. It does seem that using just PAF categorization might lead to a 

CoQ model which does not recognize all potential quality costs holistically, and additional 

categories might be required for SCoQ model. 
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Figure 6: Quality cost category taxonomy 

 

Use of CoQ as supplier quality KPI is supported by the literature. Noshad & Awasthi (2014) 

find that majority of companies do not utilize SCoQ in supplier management, even though 

it could be beneficial. Campanella (1999, p. 74) adds that the amount of SCoQ might be 

significant for some companies. CoQ translates quality into a language that business partners 

and upper management can understand, money. Srivastava (2008) states that using CoQ as 

supply chain KPI does require high reliability from the model. It is still valid to approximate 

or estimate costs as long as it is supported by good reasoning, and typically doing so will 

bring the total amount of CoQ closer to the true value, which in turn will increase the model 

reliability (Juran & Gryna, 1988, p. 4.12; Chen & Yang, 2003, p. 334). Gupta & Campbell 

(1995, p. 47) state that using too many approximations and multipliers will lead to a CoQ 

model which does not reflect true costs.  
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3  Empirical research 

This chapter presents the empirical research phase of the thesis. The study is a qualitative 

action study that is performed in a case company by request and the outcome of the study is 

a Supplier Cost of Quality calculation model. This study focuses on identifying what costs 

are accumulated in case company due to supplier quality activities. Costs are categorized 

based on traditional PAF model, and effort is given to add opportunity cost category to the 

SCoQ model as well. Following Yang (2008) and Krishnan (2006) focus is also given to 

emphasize hidden costs and their sources to increase model reliability.  

 

Data for the SCoQ model creation is collected by survey and analysing case company’s 

process portal and reporting tools. The finalized SCoQ model is built in workshops by a 

cross-functional team. The content of this chapter is divided into presenting the research 

environment and background, defining the research methods and plan, data collection 

methods and results leading finally to building the SCoQ calculation model for the case 

company. This chapter is concluded with presenting the finalized SCoQ model and its cost 

categories and elements. 

3.1  Research methods 

This research focuses on analysing a specific phenomenon in case organization. Case studies 

are typically qualitative by nature as they try to explain a phenomenon in a certain 

environment (Hirsjärvi et al., 2008, p. 162). Also, case studies usually include intense and 

specific information from a small sample (Hirsjärvi et al., 2008, p. 134), which is typical for 

qualitative studies (Hirsjärvi et al., 2008, p. 164; Kananen, 2012, p. 29). Cost of Quality is 

always defined for each organization separately because all companies operate in their own 

way (Feigenbaum, 1991, p. 116). Thereby the CoQ phenomenon requires qualitative case 

study research approach by nature. Supplier CoQ is not only studied in the case organization. 

The research aims to create a calculation framework for case company SCoQ. Kananen 

(2012, p. 41) states that the difference between case study and action study is that in action 

study researcher takes part in development activities during the project and in case study 
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researcher is an outside observer. Kananen (2012, p. 41) further lists that primary elements 

in action studies are development of activities, working together and research approach.  In 

this study the researcher is working in supplier quality management in the case organization 

and takes part in the creation of the model. This provides researcher in-depth knowledge 

about the development need and the operating environment and changes the research type 

from case study to action study. Kananen (2012, p. 50) also states that studies that focus on 

understanding organization’s processes might cause difficulties for researcher who is not 

part of the organization. However, this would allow researcher to evaluate the subject better 

as they would not have bias (Kananen, 2012, p. 50). 

 

 

Figure 7: Action study and research model, adapted from Kananen (2012, p. 45) 

 

Typically, case studies focus on understanding a certain aspect and describe it from the case 

organizations standpoint. Action studies analyse the phenomenon in the case organization 

and then create an intervention, which is the change that is developed to improve the selected 

process or function (figure 7). In order to plan for an intervention study executor needs to 

understand the affecting factors and processes. However, the change itself is not research. 

Research aspect is created in studying the research environment and the factors that will 

impact the change or by studying the impact of the change or both. (Kananen, 2012). 
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Qualitative and quantitative approaches do not exclude each other, and they can be used side 

by side (Hirsjärvi et al., 2008, p. 136). Hirsjärvi et al. (2008, p. 137) state that researcher 

needs to select the study method that they find most suitable and consider good approach. 

Tuomi & Sarajärvi (2018) list that interviews, surveys, observations and gathering 

documented information are common qualitative research data collection methods. 

However, Hirsjärvi et al. (2008, p. 194) and Kananen (2012, p.121) present that surveys 

would typically be used in quantitative research approaches, but Kananen (2012, p. 121) 

further clarifies that quantitative research approaches can be used in qualitative research to 

support explaining the studied phenomenon.  

 

Analysing qualitative research data is often a cyclic process, where after multiple 

considerations conclusions can be drawn (Hirsjärvi et al., 2008, p. 224; Kananen, 2012, p. 

30). Data can be analysed in multiple ways. Content analysis was selected to be used for this 

study. Content analysis aims to summarise collected data into compact form without losing 

its key information (Tuomi & Sarajärvi, 2018). This method can be used to separate collected 

data to for example calculate frequencies or to find relationships between data samples 

(Kananen, 2012, p. 116). Qualitative research approach allows data to be interpreted in 

multiple ways and same data sets can provide multiple different results depending on 

selected viewpoint (Kananen, 2012, p. 116). Data collection plan for this thesis is presented 

in table 2.  

 

Table 2: Data collection plan 
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In this research data is collected from the case organization by analysing the quality 

processes and determining which processes are relevant for SCoQ study. This analysis also 

provided the list of relevant stakeholders, who should be involved in determining what 

activities supplier quality events create in case company. Quality process definition results 

are presented in more detail in chapter 3.3.2 during research environment presentation.  

 

Information about quality process participation and performed activities and their impact on 

working time is collected with survey. Survey creation and results are presented in chapter 

3.4.1. Survey is providing background information for understanding how cost of supplier 

quality is observed in the case organization, and how it affects working hours. The content 

is analysed for the purpose of understanding, which activities are causing more work and are 

therefore important for cost of quality calculation model. Survey phase also acts as 

verification that all relevant quality processes have been recognized. All participants are 

requested to analyse their activities in different processes and report if there are additional 

processes or activities that they take part in. Finally, available data for recognized SCoQ 

categories was collected to support identification of most impacting SCoQ categories 

together with the survey results.  

3.2  Reliability and validity 

Research process tries to produce as truthful results as possible. However, the reliability and 

validity of research should be considered to determine how repeatable and valid the research 

results are. Reliability analysis focuses on determining if the results are repeatable. Research 

validity focuses on analysing if the chosen research methods are in fact producing valid 

information about the researched topic. Terms reliability and validity are originating from 

qualitative research, where research results are typically generalized to wider use. This has 

generated discussion within researcher community about the usage of reliability and validity 

analysis in qualitative research as they are more focusing on quantitative approach analysis. 

Whether same terms are used or not, the research methods and their ability to produce solid 

results should be evaluated. (Hirsjärvi et al., 2008). 
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Action research reliability and validity consideration has same characteristics as qualitative 

research methods. Reliability should be considered for stability and consistency, and validity 

for external and internal aspects. Action study presents its own challenge for reliability 

measurement as it drives change in the environment. In quantitative approach stability 

ensures reliability, but in action studies this is typically not the case. Action research results 

also do not have external validity as it only focuses on studying a single case, and its results 

rarely would apply for wider use. (Kananen, 2012). 

 

Kananen (2012, p. 171) states that internal validity can be nearly impossible to evaluate but 

eliminating factors that would affect to internal validity can be removed by documenting and 

using as much theory based terminology as possible. Hirsjärvi et al. (2008, p. 232) state that 

in qualitative studies it is essential to document who has taken part in the study and explain 

study environment and activities as clearly as possible, and this in turn will improve the 

study validity. Therefore, all steps taken from literature research to SCoQ model creation 

have been documented, and study path is explained during research presentation.  

 

Action studies drive change in the studied environment. After taking the built SCoQ 

framework into use, it is aiming to continuously improve the quality incident rates and 

thereby the results would not in fact stay the same. This study also represents one single 

manufacturing company in a specific field and implementing the same approach for another 

company would be troublesome. However, the study does focus on gathering the theoretical 

frame from multiple sources, and the theoretical CoQ frames are similar to the built SCoQ 

model. This would indicate that there is some comparability with other manufacturing 

companies. Study has aimed to ensure its internal validity by collecting data from the 

personnel who are performing the quality related activities in their day-to-day work. 

Reporting tools have been used to gather numeric data to support decision making. Surveys 

always present a possibility for misunderstanding as the respondent can interpret the 

questions in a different way than they were meant to be (Hirsjärvi et al., 2008). The survey 

results were considered to be valid as multiple respondents had answered similarly from 

same roles. Some variance was detected with the evaluation of used working time. However, 
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the working time evaluation was based on rough estimates and average values were used in 

the impact analysis which softens the differences. 

3.3  Research environment 

The case company is an industry leader in its field and the company operates in electronics 

manufacturing industry. The product range varies from single equipment manufacturing to 

large project deliveries, and also to software solutions and service. Overall, there are over 

2000 employees working for the case company and it consists of multiple sites worldwide. 

Four of the sites are manufacturing units and this thesis focuses on studying them. All 

manufacturing units are responsible for their own supplier quality management. The research 

topic has been recognized by the case company as it aims to decrease supplier quality costs. 

3.3.1  Current state of CoQ reporting 

The current state of CoQ reporting was studied before starting to create Supplier Cost of 

Quality calculation model. Current state analysis was done prior to master’s thesis phase, 

and it was executed as a qualitative case study utilizing semi structured interviews as data 

source. The current state analysis was done for all manufacturing units of the case 

organization, which are also the scope of this master’s thesis. The result of the analysis was 

that there is no CoQ reporting in use for any of the manufacturing units. Also, none of the 

units utilize CoQ calculation in supplier management. The analysis also included study of 

different quality cost elements that are reported by the manufacturing units to better give 

background on the level that quality costs are considered even though CoQ is not calculated. 

The study found that all manufacturing units measure some cost elements. These cost 

elements were scrapping costs, material review board costs and claimed material 

transportation costs. The found costs are quite typical visible poor quality costs that are often 

reported by manufacturing companies according to Noshad & Awasthi (2018, p. 217). 
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3.3.2  Supplier quality processes and activities 

Factories are seen as the customer for supplier quality activities. Supplier quality aims to 

improve supplier’s quality capabilities so that factory operations can be run smoothly 

without disruptions. Therefore, supplier quality activities and processes can be divided in 

strategic activities aiming to identify and mitigate any seen risks and continuously improve 

supplier performance, and operational quality activities that are performed due to the 

handling of the supplied materials. These activities can also be divided according to PAF 

scheme as is presented in table 3. Preventive supplier quality processes and activities are 

organized and carried out by the supplier quality representatives of each manufacturing unit. 

The operational supplier quality processes require a lot of stakeholders as the supplied 

materials go through supply chain. Researching which processes are used in different events 

will give foundation for creating the survey to gather information about the performed 

activities in case organization. 

 

Table 3: Supplier Quality process types in PAF scheme 

 

 

The first objective in the data collection plan, which was presented in chapter 3.1, is to 

understand which of the company’s global processes are linked to supplier quality. Case 

company uses a process portal, which was used to analyse processes. Analysis was started 

with “Supplier Quality Management” and “QEHS” processes in the portal. All supplier 

quality related processes and their stakeholders were collected to excel sheet. Study showed 

that case organization has multiple quality processes, which can be utilized in supplier 

quality events depending on the event type. Majority of the identified quality processes were 

operational supplier quality processes, which is to be expected as only prevention category 

includes more strategic activities.  
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3.4  Creating SCoQ model 

Chen & Yang (2003, p. 333) state that calculating SCoQ requires knowledge of the activities 

and the actual or evaluated working time allocation for each activity.  Each quality process 

requires their own set of activities that are performed by different stakeholders. The needed 

activities in each process and working time spent need to be investigated, as their impact to 

SCoQ can be evaluated to be significant. A survey was formed to define how much time is 

used to perform different identified quality tasks. Preventive supplier quality activities were 

discussed in more detail during the SCoQ model creation workshops. 

3.4.1  Survey design and execution 

According to Juran & DeFeo (2015, p. 163) the first step in defining the costs that are 

counted as Cost of Quality in a certain organization is to identify activities resulting from 

poor quality. This is the second phase in the established data collection plan presented in 

chapter 3.1. To gather data effectively from a large organization and multiple different roles 

a survey was formed. Microsoft Forms was utilized to record the answers to ensure 

standardized data collection. The first goal was to identify the activities needed for different 

supplier quality event types in all manufacturing units of the case company. The second goal 

of the survey was to understand the impact of poor supplier quality to working time. 

 

The survey was designed to gather comprehensive data about the activities and time spent 

by different groups. The survey was divided into four sections: background information, 

activities taken in poor supplier quality cases, working hours spent on supplier quality cases 

and free feedback. Table 4 presents the expected outcome of each survey section. Appendix 

1 presents the survey plan including questions, their types and expected outcomes in more 

detail. Different question types were used in the survey including open, multiple choice and 

Likert scale questions. The survey started with background presentation and clarification for 

some terms used, to ensure that respondents understand better the questions and their intent. 
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Table 4: Presentation of survey sections and expected outcomes 

 

 

The targeted respondent groups were all the different internal stakeholders that are working 

on different supplier quality related processes and events. This includes for example factory 

operators, logistic workers, quality management, engineering, and purchasing. The survey 

was communicated to the respondent groups by email, and it received 85 responses in total. 

Respondents were divided into 11 groups based on their role in the organization.  

 

Survey results were analysed in two ways. First, it was defined which groups attend each 

supplier quality related processes, and what type of activities are performed. Based on the 

results given to questions 5-17 and question 19 standard and supportive activities were 

defined. Standard activities can be considered as visible quality costs. However, quality 

related activities can vary significantly from case to case, and therefore they create a lot of 

supportive work. Supportive work can be considered to accumulate hidden quality costs as 

it may not be required by the process by default. Mapping the process and activity 

participation and the time spent on an average case it was possible to estimate the standard 

and supportive activities, who are performing them, and the used working time for average 

supplier quality activities. 

 

It was found that the most time-consuming activities were executed in quality escalations, 

claim handling, and product recalls. This finding was quite expected as they require multiple 

different people in problem solving and mitigating issues. Also, supplier quality audits were 
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found to create a lot of work. Least impacting quality activities when considering used 

working time were incoming inspection and material return processes. This can be explained 

by the fact that they are quite non-complex processes, and they do not require multiple 

different personnel groups to take part in activities. Overall, survey results answered the 

needed questions about the activities that are required in different quality events, who are 

responsible for the actions, and how much working time is roughly needed for different 

events. It was also verified that any essential quality processes were not missed during 

quality process defining phase. The results are used in the Supplier CoQ model creation, 

which is explained in the following chapter.  

3.4.2  SCoQ model creation 

Selected model for the SCoQ framework was the PAF model with consideration of 

opportunity costs. PAF model is the most used and universally accepted quality cost model 

and Campanella (1999, p. 74) and Juran & DeFeo (2015, p. 997) find that PAF model is 

applicable for SCoQ calculation. However, it is recognized that traditional PAF model has 

drawbacks and especially its lack of intangible cost elements has been criticized 

(Shiffauerova & Thomson, 2006, p. 651). Opportunity costs were also selected to the 

framework creation as they are found to impact manufacturing companies’ CoQ in a 

significant manner (Sandoval-Chavez & Beruvides, 1998; Giakatis et al., 2001). 

Furthermore, Schiffauerova & Thomson (2006) found in their study that the combination of 

PAF and opportunity costs is quite typical.  

 

SCoQ framework was created in two workshop events, which took place in the spring of 

2025. A cross-functional team was gathered for the model creation to ensure that different 

views are considered. Workshop group consisted of key stakeholders for supplier quality 

management: supplier quality, sourcing, production support functions, and incoming quality 

control. All workshop activity instructions, supportive materials and results were 

documented for analysis purposes. Workshop events had different goals. The first event was 

for brainstorming the cost categories and cost elements for the PAF + O model. The second 

event was for recognizing the critical and most impacting cost categories and elements and 
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assessing the reliability of the different costs. Following aspects are considered throughout 

the model creation process: 

1. Only the costs that can be calculated or based on good judgement evaluated by the 

case company can be added to the model. 

2. The model needs to be able to point out the key improvement areas. 

3. All costs do not need to be calculated, it is sufficient to find the most affecting 

supplier quality costs.  

4. SCoQ will be used as a KPI for supplier management and therefore suppliers need 

to be able to influence the costs that are added.  

5. The model must reliably measure cost of quality; therefore, reliability of different 

cost types needs to be carefully evaluated. 

 

SCoQ model cost categories and cost elements were brainstormed in one 6-hour-long 

workshop. Workshop 1 input and output table is presented in figure 8. Key input for defining 

cost categories and elements were CoQ theory presentation, case company quality process 

map, and activities & used working time analysis results. The theory presentation had a 

strong emphasis on supplier quality costs and especially the hidden quality costs. Krishnan 

(2006, p. 91) presents a method to evaluate quality events which tries to identify as many 

cost sources as possible. According to Krishnan (2006, p. 91) one failure event typically 

consists of three cost sources: time, service charges and material. This cost identification 

method was introduced to participants to help with cost source identification. 

 

 

Figure 8: Workshop 1 input and output table 
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First the quality cost categories were brainstormed in pairs under prevention, appraisal, 

failure (I), failure (E) and opportunity loss categories. Pairs had Campanella’s (1999) PAF 

category list to use as a reference and to find ideas from. By the end of assignment all 

recognized categories were collected. Results showed that groups had very similar cost 

categories and cost elements defined. Cost element brainstorming was started for the 

previously identified categories. This was done in two groups, and the results were combined 

after the assignment. Both groups had similar cost elements recognized with some variance. 

Other group had focused more to appraisal costs and other to prevention costs. Also, multiple 

categories were left empty because cost elements could not be defined or their relation to 

supplier quality was seen too small. These categories were removed from the model. 

 

The goal of the second workshop was to evaluate the created model and define which costs 

have significant impact for the case company and to recognize potential reliability 

challenges. This was done in one 6-hour-long workshop event. Workshop 2 input and output 

graph is presented in figure 9. Key inputs for the workshop were supplier quality related 

incident data presentations from 2022-2024, activities and used working time analysis results 

and the SCoQ model which was created in previous event. Supplier quality incident data was 

collected from company’s reporting tools into numeric form to point out impact of each 

quality incident type. This data coupled with the survey results gave information on the most 

critical cost categories and elements.  

 

 

Figure 9: Workshop 2 input and output table 
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Model assessment was done in two groups, and the results were combined after the 

assignment (table 5). Both groups had similar cost categories identified as critical for the 

model. Only the categories that both groups found critical were defined as critical for the 

SCoQ model. Critical categories are highlighted with red colour in the table 5. 

 

Table 5: Criticality assessment of SCoQ model. Critical categories marked with red colour. 

 

 

Identified critical factors were supplier CAPA, quality escalations, customer complaint 

handling and product recalls. Groups also identified quality audits, quality improvement 

projects (QIP), scrap, supplier reclamation, returned goods as important for the model. Other 

cost categories are not impacting as much, but the costs are recognized as clearly resulting 

from supplier quality activities and they can be reliably measured. Cost elements were 

analysed using the same approach to ensure that the major factors for each category are 

calculated.  

3.4.3  Finalized SCoQ framework 

Workshop results were presented to steering group for final decision making. First the 

content of the suggested PAF + O model was discussed. As a result, opportunity costs were 

ruled out of the model, as they might cause still some reliability issues. The opportunity costs 

that could be reliably said to originate from supplier quality are not considered to have a 

major impact to costs, and effort for adding them into the model is considered to be more 

than the gained advantage.  
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Steering group was also presented with two options for Cost of Quality model 

implementation: 

  

1. Supplier Cost of Quality model, and 

Quality Costs = P + A + F(I) + F(E)  (2) 

2. Supplier Cost of Poor Quality model. 

Quality Costs = F(I) + F(E)  (3) 

 

Both models are used by manufacturing companies when assessing their own internal quality 

costs (Shiffauerova & Thomson, 2006). Based on the workshop results, it is clear that most 

of the recognized costs are result of nonconformance events. Also, case company is targeting 

to reduce specifically the SCoPQ. Therefore, measuring just SCoPQ might be justified, and 

it would support the original need for the calculation. However, prevention and appraisal are 

integral parts of CoQ and these cost categories can give indication for supplier capability 

improvement needs. Decision was made to try both models and based on results it could be 

decided which model the case organization will implement into supplier quality KPIs in the 

future. The final PAF scheme with critical cost categories is presented in table 6.  

 

Table 6: Final SCoQ framework 
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3.5  Supplier CoQ calculation 

Each defined cost category has cost elements which form the total cost for the category. This 

chapter presents the cost elements that were recognized for each category in the workshop 

events, and discussion on how each category and defined cost elements fit into known 

scientific frame of Cost of Quality.  

 

Working time costs are divided into standard and supportive activities based on the survey 

results. In the following chapters standard and supportive labor cost elements are always 

calculated the same way, and it is presented below.  

 

 Working time costs = Average working time (h) * Average salary (€/h) 

     (4) 

Working time costs are counted as a sum for all personnel groups that take part in each 

category. If working time could not be defined for supportive work, but the survey indicates 

that there is clearly work being done, a multiplier should be determined. Same method is 

used for other costs that are recognized. Chen & Yang (2003) finds this method to be 

effective for analysing supplier quality costs. Also, other researchers agree that hidden 

quality costs should be estimated if they can be evaluated based on good judgement (Juran 

& Gryna, 1988, p. 4.11; Campanella, 1999, p. 7). However, it needs to be considered whether 

there is enough data to support estimations. Gupta & Campbell (1995, p. 46) find that 

approximating and estimating can lead to quality cost model that does not reflect the true 

quality costs. Following chapters include presentation of each cost category and their quality 

cost elements. 

3.5.1  Preventive costs 

Prevention costs are those costs that prevent defects and nonconformities from occurring 

(Feigenbaum, 1991, p. 111; Campanella, 1999, p. 5). As stated in chapter 3.3.2, preventive 

supplier quality costs are formed by strategic activities rather than operational. These costs 
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are accumulated when case company is proactively working on improving suppliers’ quality 

performance. The recognized cost categories in preventing supplier quality issues from 

occurring were quality improvement projects and quality audits. The case organization 

utilizes both regularly to manage risks and improve quality capability of suppliers.  

 

Quality Improvement Projects 

Quality improvement projects are targeted improvement projects made at the supplier site. 

The projects are planned together with the case organization representatives, and they are 

followed up regularly and even on top management level at the case organization. Quality 

improvement projects are a key method for reducing CoQ and Juran & DeFeo (2015, p. 997) 

find that the lack of break through improvement projects is often the reason supplier CoPQ 

is not improving. Dale & Plunkett (1991, p. 27) consider supplier development as supplier 

related prevention cost. Quality Improvements are also recognized as prevention costs for 

company internal CoQ (Campanella, p. 189) and they are defined to include the costs 

incurred from quality programs (Campanella, p. 194). Supplier QIP is a similar approach, it 

is only used outside company borders. Recognized cost elements for QIPs were labor costs 

both at the case company and at supplier, investment costs and travel expenses.  

 

QIP costs = Labor costs incurred at case company + Labor costs incurred at 

supplier + Investment costs + Travel expenses (5) 

 

Labor costs accumulate for this cost category both in case company and supplier. For case 

company the activities include tasks such as managing the QIP programmes and follow-up. 

Suppliers are responsible for project planning, execution, and implementation. QIP approach 

requires case organization representatives to travel from time to time to supplier site for 

follow-up and review visits, which incurs travel expenses. QIP costs should be calculated 

for each project separately.  

 

 



52 

 

 

Supplier Quality Audits 

The other selected cost category in prevention costs was supplier quality audits. Quality 

audits are a tool for analysing the overall effectiveness of a quality management system 

(Campanella, 1999, p. 20). Quality audit costs are recognized in multiple CoQ frameworks 

including Feigenbaum (1991, p. 116-119), Crosby (1979, p. 105-106) and Campanella 

(1999, p. 188-189). Dale & Plunkett (1991, p. 27) recognize supplier audits as supplier 

related prevention cost. Feigenbaum (1991, p. 117) suggests that the audit costs are the labor 

cost of auditing personnel. Workshop results included also travelling expenses to the 

calculation as supplier audits very often are performed at supplier sites. This cost is not 

applicable when remote audits are performed.  

 

Quality Audit costs = Labor costs + Travelling expenses (6) 

 

Quality Audit standard labor costs include all relevant work tasks that are performed in each 

audit. Such tasks include for example planning for the audit, auditing, reporting and follow-

up. Audit costs should be calculated for each audit event. 

3.5.2  Appraisal costs 

Appraisal costs are those costs that are associated with inspecting and measuring products 

and processes (Campanella, 1999, p. 5). Products are inspected and tested multiple times 

during production flow in case company. However, it is difficult to clearly define how much 

of this cost is truly supplier quality cost. These appraisal activities contain work that is done 

for company internal quality assurance as well. Therefore, supplier could not affect all of 

these costs, and they cannot be added to the SCoQ model. Incoming inspection was the only 

recognized category that could be reliably added to the framework.  

 

Incoming inspection 

Incoming inspection costs are recognized in multiple CoQ frameworks including 

Feigenbaum (1991, p. 116-119), Crosby (1979, p. 105-106), Campanella (1999, p. 188-189), 
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and Yang (2008, p. 183). Ibidabo (2022, p. 299) states that incoming inspection is done to 

capture failures made by suppliers and therefore the cost can be considered as supplier 

caused. Campanella (1999, p. 195) and Feigenbaum (1991, p. 117) suggests the same and 

incoming inspection is listed under purchasing appraisal costs in Campanella’s (1999, p. 

188) framework. Incoming inspection costs include the time that is needed for making the 

inspection (Feigenbaum, 1991, p. 117; Campanella, 1999, p. 78). Yang (2008, p. 183) further 

lists that the costs also include investments in measurement devices and their maintenance. 

The defined cost element was the working hours spent in the inspection and reporting. 

Inventory carrying cost is also resulting from having to store materials for short periods of 

time, but this is considered to be very minimal, and it is not added to the model. 

 

Incoming inspection costs = Standard labor costs  (7) 

 

Labor costs include the time spent in creating reports, finding instructions, inspecting 

material or certificates, documentation control, and if needed initiating nonconformance 

reporting. It is recognized that inspection methods do create variation to spent working time. 

Therefore, it would be good to calculate different inspection types separately and define used 

working time for each type. The cost is to be calculated for each performed inspection. 

3.5.3  Internal failure costs 

Internal failure costs are those costs that are generated in nonconformance events before 

product is shipped to customer (Campanella, 1999, p. 5). By nature, failure events require a 

lot of different stakeholders to participate in problem solving when comparing to appraisal 

and prevention activities. Stakeholder participation grows as the complexity and severity of 

the nonconformance grows, which increases costs. This study found five internal failure 

categories to be used in the case company for SCoQ reporting. These categories were 

reworking/repairing, scrapping, reclamation handling, supplier CAPA and quality 

escalations.  

 



54 

 

 

Nonconformance cost and Material return costs 

Originally nonconformance (NC) cost and material return costs were recognized as separate 

categories. However, during model creation it was determined that these are more fixed costs 

from supplier point of view. The content of these costs is presented next and in the following 

failure categories they are only referred to by the cost name. 

 

NC cost category includes the costs from nonconformance identification through MRB 

procedures to material disposition. Nonconforming materials can be detected in multiple 

points in material flow, but it can typically be broken down to similar pieces:  

1. Identification,  

2. Reporting, 

3. Problem analysing, 

4. Decision making, and 

5. Disposition.  

After decision making materials can be sent back to supplier for further actions, which 

creates material return costs.  

 

Feigenbaum (1991, p. 118), Campanella (1999, p. 189), and Yang (2008, p. 183) finds 

material review and disposition to add to F (I) category. In Campanella’s framework the 

material review, disposition and troubleshooting are considered to focus on inhouse 

operation costs rather than supplier quality costs. Feigenbaum (1991, p. 118) and Yang 

(2008, p. 183) recognizes that handling rejects and dispositioning nonconforming material 

relate to procurement costs, which is indicating that the costs are generated due to poor 

supplier quality. Dale & Plunkett (1992, p. 27) categorize sorting as supplier quality cost, 

yet it has been placed in appraisal costs. Workshops identified NC cost to include labor costs 

and material sorting costs. Also, it was recognized that MRB procedure is also generating 

inventory carrying cost. Calculating such for the CoQ model might take more effort than the 

benefit of adding it to the model would be, and it is therefore left out of the scope. 
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NC cost = Standard labor costs + Material sorting cost (8) 

 

Standard labor costs include all steps from nonconformance identification to material 

disposition. Material sorting cost should be considered when activities include additional 

inspections for materials. Sorting cost is impacted by the quantity of items but also the 

inspection method. It can potentially cause a lot of work. Survey results also indicated that 

there is supportive work being done throughout the process. However, it seemed to be case 

dependent and clear multiplier could not be determined without it possibly affecting the 

model’s reliability. It should be noted still that the presented method for calculating NC cost 

is not showcasing this supportive work and future improvements may be needed. NC cost is 

calculated for each reported nonconformance event. 

 

Disposition resolution for defective materials can be sending the material back to the supplier 

for further actions. This naturally causes more costs for the company as sending materials 

will require actions. Material returning costs are also well recognized in quality costing 

frameworks. Dale & Plunkett (1991, p. 27) find organizing returns and replacements to add 

to supplier caused CoQ as well as Campanella (1999, p. 189), Feigenbaum (1991, p. 118) 

and Yang (2008, p. 183). This cost also was categorized both in appraisal and F (I) categories 

in previously mentioned frameworks. Workshops identified material return cost to include 

labor costs and shipping costs. It was also discussed that material return costs include used 

packing materials, however estimating their true cost is troublesome.  

 

Material return cost = Standard labor costs + Supporting labor costs  + 

Shipping costs    (9) 

 

Standard labor cost includes for example the preparation and shipping of materials, needed 

transactions in reporting systems, and compensation administration. Material returning was 
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also recognized to systematically require supportive activities such as compensation and 

purchase order follow-up. Material return cost is calculated for each material return incident.  

 

Scrap costs 

Scrapping costs are one of the visible poor quality costs (Campanella, 1999, p. 7; Krishnan, 

2006, p. 83). Teli et al. (2013, p. 381) specify that only materials that are not manufactured 

according to agreement by the supplier should be calculated as supplier scrapping costs. 

Scrapping costs are recognized throughout quality costing literature. It is even often 

mistakenly considered as the only poor quality cost. Noshad & Awasthi (2018, p. 217) 

present that materials account for less than 50 % of the total CoPQ. Dale & Plunkett (1991, 

p. 27) and Noshad & Awasthi (2018, p. 217) also find that all working costs up till the point 

of scrapping should be considered. The identified cost elements for the category were 

material costs and NC cost. Scrapping is also recognized to accumulate recycling costs, but 

they are considered to be small comparing to other accumulated costs. 

 

Scrap costs = Material cost + NC cost   (10) 

 

Scrapping is one of the material dispositions during MRB process, and therefore each 

scrapping case accumulates NC cost.  Scrapping cost should be calculated for each scrapping 

event.  

 

Rework costs 

Reworking is also one of the recognized visible quality costs (Campanella, 1999, p. 7), and 

very broadly accepted failure cost in CoPQ frameworks. Dale & Plunkett (1991, p. 27) define 

supplier related reworking costs separately in supplier category. Campanella (1999, p.189) 

and Yang (2008, p. 183) also recognize supplier related reworking costs under purchasing 

failure costs in F (I) category. Campanella (1999) further lists the cost components to include 

all working and material costs to repair nonconforming material. Rework is not considered 

as important cost category in the SCoQ model. However, data for calculating rework costs 
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is easily available and cases can clearly be defined to originate from poor supplier quality. 

Reworking is recognized to accumulate labor cost. Reworks may also accumulate material 

costs and require the use of testing equipment. These are however not included to this 

calculation model. 

 

Rework costs = Standard labor costs + NC cost  (11) 

 

Reworking is one of the material dispositions during MRB process, and therefore each case 

accumulates NC cost on top of reworking labor costs. Rework cost should be calculated for 

each rework event.  

 

Supplier claim costs 

If supplied materials do not meet the specifications, they need to be claimed. This creates 

supplier claiming costs. This cost is recognized in the literature as “purchased material 

replacement costs” by Campanella (1999, p. 200) and Yang (2008, p. 183) and it is typically 

placed in internal failure category. Campanella (1999, p. 200) mentions that all added costs 

of handling rejected and returned materials including replacement cost and transportation 

should be calculated to this category. Also, Dale & Plunkett (1999, p. 27) add negotiation of 

reimbursements to internal failure category, which can be seen to consider the recognized 

category as well. Supplier claim costs include standard labor costs, material return costs and 

NC cost.  

 

Supplier claim costs = Standard labor costs + Material return cost + NC cost

      (12) 

Supplier claiming requires activities such as inventory transfers and reporting. These are 

considered as standard labor costs for supplier claiming. Material claiming is one of the 

material dispositions during MRB process, and therefore each case accumulates NC cost. 

Also, materials may be sent back to suppliers, and for those cases material return cost should 

be calculated. Supplier claim costs should be calculated for each claim separately.  
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Supplier Corrective Action costs 

Corrective actions are widely accepted as internal failure cost, and Campanella (1999, p. 

200) specifically uses the same cost name. Supplier CAPA includes the problem solving and 

correction and prevention activities of quality incidents. Yang (2008) and Feigenbaum 

(1991) refer to similar costs in their models. Yang (2008, p. 183) refers to “cost of dealing 

with quality problems of purchased materials” and Feigenbaum (1991, p. 118) considers all 

quality issues of purchased materials to add to “procurement costs”. Campanella (1999) also 

finds that CAPA may require travelling to supplier sites as well. However, the term CAPA 

includes preventive measures, which some quality practitioners would categorize as 

prevention costs. In supplier quality related SCoQ this conflict is easier to resolve as the 

activities taken typically affect the one case and its handling, and the prevention is performed 

in long-term by the suppliers. Therefore, it is only natural to consider it as failure cost rather 

than prevention cost in this context. The cost generated from the long-term preventive 

activities at suppliers is part of the hidden SCoQ from case organization viewpoint. Supplier 

CAPA is recognized as critical category in the SCoQ model, and it consists of standard and 

supportive labor cost, material return cost, NC cost, incoming inspection costs, and travelling 

costs.  

 

Supplier CAPA costs = Standard labor costs * x + Material return cost + NC 

cost + Incoming inspection costs + Travelling costs  (13) 

 

Typically, quality events that require CAPA activities are more complex than standard 

supplier claims. Survey results indicated that supplier CAPA frequently requires supportive 

work in the case organization, which led to defining a multiplier for labor cost calculation. 

Standard activities for supplier CAPA typically include case reporting, material availability 

supporting, communicating case status for stakeholders, arranging meetings, and evaluating 

supplier CAPA effectiveness. Supportive activities according to survey results were for 

example supporting and informing, instruction creation, and attending to meetings. Some 

CAPA cases require additional incoming inspection and travelling, which should be 

calculated for those cases they are applicable for. One point for initiating supplier CAPA is 
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during MRB, and in those cases NC cost has to be calculated. Supplier CAPA cost should 

be calculated for each case separately. 

 

Escalation costs 

Quality events can generate a lot of added work even when operations can be run without 

disruptions throughout the incident. But there are events, which require prioritization and 

additional resourcing due to their urgency, and these are handled under Escalation cost 

category. Similar cost categories are not recognized in the literature as such, but the cost 

elements are mentioned under different cost categories. Escalations are established to ensure 

smooth information sharing, and quick case resolution, and they mainly consist of labor 

hours and meeting costs. Similar cost categories are recognized for in-house quality costs in 

Campanella’s (1999, p. 202) framework as internal failure labor losses and extra operations. 

Campanella mentions these costs to include such extra costs that would not be concurrent 

with direct material losses. Escalation costs are by nature exactly the same. Escalations are 

considered critical for the SCoQ calculation. 

 

There are two types of escalations: material and quality. In cases where only material 

availability is at risk material escalation is used. It was recognized to consist of standard and 

supportive labor costs.  

 

Material Escalation costs = Standard labor costs + Supporting labor costs 

     (14) 

According to the survey standard labor activities include for example reporting, meetings, 

arranging replacement materials, and stakeholder communication. Material escalation was 

also recognized to generate some supporting activities throughout cases such as attending to 

meetings, informing stakeholders, reporting, and follow-up. Material escalation costs should 

be calculated for each reported escalation separately. 
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Other escalation type is Quality Hold, where it has to be considered if a quality 

nonconformance has a larger impact on product manufacturing. Quality Hold requires 

multiple stakeholders to participate, and a specified case leader to facilitate the process. 

Quality Hold cost elements are thereby standard meeting costs, standard labor costs, and 

engineering support costs. Quality Holds include multiple follow-up meetings and 

standardized tasks for all attendees to ensure systematic reaction to escalation. The costs 

from these are included in meeting costs and standard labor costs. Also, facilitator standard 

work should be included in standard labor cost element. Engineering support costs include 

costs from material evaluation, testing, root cause investigations, and possible prevention 

activities.  

 

Quality Hold costs = Standard meeting costs + standard labor costs + 

engineering support costs     (15) 

 

According to the survey Quality Holds include standard work such as case facilitation, 

reporting, arranging meeting, attending to meetings, performing assigned tasks, instruction 

creation, and stakeholder communication. Engineering support is needed case by case, and 

engineering support costs should be calculated when applicable. Quality hold costs should 

be calculated for each case separately. Quality holds are evaluated case by case. Even 

evaluating a case does create some work and it disrupts other work tasks, and therefore they 

should be also noted in calculations. In these cases however standard labor costs include 

only preparation work and standard meeting costs include only evaluation meeting.  

3.5.4  External failure costs 

External failure costs are those costs that are generated due to nonconformances after 

products are sent to customers (Campanella, 1999, p. 5). External failures also generate high 

amount of intangible costs as they are directly affecting customer experience. Campanella 

(1999) also reminds that the further a failure travels in supply chain the higher the expense, 

and that is why external failure costs are so important to follow-up. This study found five 

external failure categories to be used in the case company for SCoQ reporting. These 
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categories were customer complaints, returned goods, product recall, supplier deviation 

requests and supplier recall.  

 

Customer complaint costs 

Customer complaints are widely recognized as a cost category in CoQ frameworks. This 

cost category dates back to Juran’s first CoQ publication, where customer complaints are 

recognized as costs which should be avoided by organizations (Juran, 1951, p. 34), and it 

has been part of CoQ frameworks since then. There are also cases, where root cause for 

recognized issue can be traced back to the supplier, and these are such that should be 

calculated in SCoQ. Customer complaints were considered as critical category for SCoQ. 

When a quality nonconformance is detected at the customer, it always creates waste 

throughout supply chain, and therefore it is a lot more expensive compared to catching issues 

in-house. Workshops identified standard labor, supplier CAPA, complaint administration 

and engineering support as cost elements in this category.  

 

Customer complaint cost = Standard labor cost * x + Supplier CAPA cost + 

 Administrative cost + Engineering support   (16) 

 

According to survey results standard work in customer claims included for example 

customer communication, root cause investigation, issue containment activities, supplier 

communication, and reporting. Customer complaints were recognized to create 

systematically some additional work on top of standard work tasks. Additional work was 

carried out by different stakeholders during the case, but it varied between cases, and 

therefore a multiplier was determined for work costs. In supplier quality related customer 

claims, supplier CAPA is also initiated and adding to the costs. Customer claim related 

material costs are considered in returned goods costs separately, and they are not reflected 

in claim category. Each claim should be calculated separately to SCoQ calculation. 
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Returned goods costs 

Returned goods refers to materials which are returned by customers, and they are either 

reworked or replaced. Yang (2008, p. 185) identifies cost of handling and scrapping of 

returned goods as external failure type. Similarly, Campanella (1999, p. 203) categorizes 

returned goods as external failure, and further lists that this cost consists of all considerable 

costs relating to material replacement or repair. Workshops identified three returned goods 

cost elements: standard labor cost, material cost, and logistics cost.  

 

Returned goods cost = Standard labor cost + Material cost + Logistics cost 

      (17) 

Arranging material returns requires activities such as customer communication, reporting, 

material handling, and arranging for shipments. Material cost should be calculated from the 

price of replaced item, and if compensation is received from supplier the amount should be 

reduced from total amount. Arranging for material shipments causes also logistics costs, 

which should be added when applicable. Each return should be calculated separately.  

 

Product recall costs 

Product recall costs are also widely recognized in CoQ frameworks. Campanella (1999, p. 

203) and Feigenbaum (1991, p. 119) recognizes the same category, and states that all 

relatable costs for product recall activities should be calculated for this category. Product 

recalls are facilitated by product managers in case organization, and they are carried out by 

predefined procedures. Multiple stakeholders take part in product recall activities, and 

process and follow-up mirrors Quality Hold procedures. Product recalls were also 

recognized as critical category for SCoQ. Similarly to customer complaints the failure modes 

which affect to customers can be considered to be most expensive as they create a lot of 

hidden intangible costs. Cost elements defined for product recalls were standard meeting 

costs and standard labor costs.  

 

Recall costs = Standard meeting cost + Standard labor cost (18) 
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Product recalls create activities such as background information gathering, case evaluation, 

reporting, customer communication planning, replacement material arranging, and rework. 

Similarly to Quality Holds, recalls also generate standard meeting costs for case follow-up. 

Case facilitator ensures that all needed actions are taken and reports the case. Direct material 

costs are considered in returned goods category. Each recall should be calculated separately. 

Recalls are also evaluated case by case, and only activated recalls generate all mentioned 

costs. If a case is only evaluated, but not activated, only preparation work and evaluation 

meeting costs should be calculated.  

 

Supplier recall costs 

Supplier recall is an event where case organization is informed of a suspected quality issue 

and asked to return delivered parts back to the supplier. From supplier’s perspective it would 

include similar costs as mentioned above. Supplier recalls are not recognized as such in the 

literature. Closest relation can be drawn to Yang’s (2008, p. 183) procurement related cost 

of handling quality issues regarding purchased parts. Yet supplier recalls are clear incidents 

originating from supplier quality, and they do cause work in case organization. Supplier 

recall cost elements are NC cost and material return cost.  

 

Supplier recall costs = NC cost + Material return cost  (19) 

 

Supplier informs their contact in case organization, and they launch activities for material 

returning. Materials are isolated, and MRB disposition is set for supplier recall. This creates 

NC cost. After disposition materials are shipped back to supplier initiating material return 

costs. Each supplier recall should be calculated separately.  

 

 

Supplier deviation request costs 

Supplier deviation request includes events where supplier is requesting permission to send 

material which is suspected to have quality nonconformances. Supplier deviation request is 
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also not recognized by name in the CoQ frameworks. Similarly to supplier recall cost it could 

be considered to relate to Yang’s (2008, p. 183) purchased product quality issue handling 

with the distinction that the parts are not yet purchased. But in order to purchase the parts 

they need to be accepted. If acceptance cannot be given, then other tasks may need to be 

initiated. One example being material escalation, as it may be that material availability might 

be at risk. Supplier deviation cost elements are standard labor cost and incoming inspection 

cost. 

 

Supplier deviation request costs = Standard labor cost + Incoming inspection 

cost     (20) 

 

Supplier deviation requests require activities from case organization representatives. 

Activities include for example case evaluation, reporting, supplier communication, and 

stakeholder informing. Also, in some cases a separate incoming inspection is required, which 

should be included in calculation. Supplier deviation request costs should be calculated for 

each case separately. 
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4  Discussion and Conclusions 

This chapter includes discussion on the executed study, and answers to the set research 

questions. Research process is presented in order to analyse if the created SCoQ model fits 

its purpose and the known scientific frame. 

4.1  Goals and results of the study 

The goal for the thesis was to create a Supplier Cost of Quality calculation model for a case 

organization to be used as a supplier quality KPI. This goal was achieved by answering 

research questions which were set in the research planning phase. First two research 

questions were set for scoping the theoretical frame. 

 

RQ1: What are known CoQ/CoPQ frameworks and how quality costs are measured? 

 

RQ2: What costs are associated with SCoQ and how these costs are measured? 

 

RQ1 and RQ2 were answered during literature review in chapter 2. There are multiple CoQ 

and CoPQ frameworks available as the subject is well known within quality management 

society. Supplier related quality costs are not as widely researched, but they are mentioned 

in multiple frameworks. SCoQ is very similar to company’s in-house CoQ as many of the 

activities are the same. PAF model and opportunity cost models were showcasing most 

potential for applicability to be used as SCoQ framework model, and they were researched 

further. Literature review highlighted the importance of recognizing hidden quality costs and 

especially intangible quality costs.  

 

Srivastava (2008) highlights the importance of calculation reliability when using CoQ as 

KPI for supply chain. Literature review provided a strong base for SCoQ model creation 
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highlighting the most common drawbacks and mistakes in CoQ models. SCoQ model should 

be created in a manner that tries to identify as many sources of CoQ as possible, but 100 % 

accuracy should not be pursued. This would typically lead to too complex model and make 

measurement too complicated. The sources of CoQ should also be carefully evaluated 

because adding quality costs that are not in fact quality costs will reduce the reliability of the 

model. The used quality costs should combine of hard and soft costs with consideration of 

intangible costs. Many authors recognize estimation and use of multipliers to be an effective 

way to report quality costs if hard data is not available. With these remarks SCoQ model 

research was started in the case company. 

 

RQ3: How the SCoQ should be calculated in the case company? 

 

SQ1: How does supplier quality activities/events impact the case organization? 

 

All organizations are operating in different ways which means that CoQ models need to be 

made separately for all organizations (Feigenbaum, 1991). Using the same model as another 

manufacturing company might lead to incorrect conclusions as the sources for calculation 

are typically different. Chapter 3 presents the model creation process from start to finish. 

Research phase constructed of three parts: defining quality processes and events, researching 

the impact of supplier quality by survey, and gathering quality incident data. A survey was 

formed to gain understanding of the impact of supplier quality activities within case 

organization’s manufacturing units. Reporting tools and other portals were used to gather 

quality process and quality incident data. Finally, SCoQ model (table 7) was built in two 

cross-functional workshops. 
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Table 7: Finalized SCoQ model for case organization 

 

4.2  Model reliability and its use in the case organization 

Overall, answering research questions within research limitations led to creating a model 

that fits the case organization’s needs well. The created model is simple, which is typical for 

PAF models, and it also increases the model reliability as more complex and questionable 

costs were not included. Also, model reliability can be considered high as the results are well 

in line with previous study findings and known quality cost frameworks. Differences are 

also recognized as some cost elements have been categorized differently in presented 

frameworks. One example being warehouse sorting cost in NC cost category, which for 

example Dale & Plunkett (1991, p. 27) list as appraisal cost. Throughout model creation 

same principles have been used: if the cost is originating from an action that needs to be 

taken in nonconformance situation directly, the cost has to reflect that category. This 

guideline has eased cost category and element placement. As mentioned, one of the typical 

drawbacks in PAF models has been the addition of costs that are questionable and if they 

relate to quality costs at all (Dale & Plunkett, 1988). Other studies support the found quality 

costs, which indicates that the recognized costs are truly quality related. This in turn 

increases the reliability of the CoQ framework according to Srivastava (2008). Lack of 

concrete SCoQ models also created some obstacles. Supplier deviation request and Supplier 

recall in principle could be added to many categories. There is no clear indication from 

literature how to evaluate mentioned costs, yet they are clearly related with supplier quality. 
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In this SCoQ framework these costs were added to external failure category as the 

nonconformance is detected outside case organization’s borders.  

 

Intangible, hidden and opportunity costs can be considered as the difficult part of the CoQ 

creation. Hidden costs can even end up doubling the CoQ amount for some companies 

(Chehah et al., 2011). A lot of effort was put in for recognizing and finding ways to calculate 

these costs during model creation. Tatikonda & Tatikonda (1996) find the lack of soft cost 

elements one of the most common failures in CoQ models. However, only some hidden costs 

could be reliably recognized and even estimated by using multipliers in calculation. 

Multipliers could be reliably only set for working time costs. Lack of soft costs is the biggest 

drawback that can be recognized for the created SCoQ model. This framework uses 

multipliers only for selected quality cost elements, and all selections are based on available 

data. This is done to prevent too heavy approximations and thereby increasing its validity. It 

is strongly recommended that this aspect of the SCoQ model is improved in the future, and 

it could even be a subject for future research.  

 

Case organization can continue with the implementation of the model and conclude the fifth 

step in action studies, which is testing the solution. In order to take the built model into use 

case organization needs to update reporting systems to support CoQ data gathering and 

create reporting practises. It should be noted that supplier quality costs are always reported 

with some delay. This might create an issue when reporting costs as good practices suggest 

using CoQ as an index by comparing it to for example sales revenues or operating costs. It 

is suggested that reporting period is planned in a manner that this difference is minimized. 

For example, a reporting period of 12 months should take such differences well into account 

whereas 1 month reporting period would not. By collecting data and analysing it the case 

organization can start to use created CoQ model in continuous improvement aspect. 

4.3  Conclusions 

This study adds to the field of Quality Cost research as the impact of supplier quality to 

organization’s quality costs is not widely studied, yet it is recognized to have an effect on 
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overall quality costs (Campanella, 1999; Noshad & Awasthi, 2013; Noshad & Awasthi, 

2018). This study also finds that allocating intangible and other soft costs to supplier quality 

is troublesome if earlier studies on the costs has not been made. Estimations are impossible 

to be made if the overall impact is not known. This study focused on analysing the costs that 

are generated within the case organization. Supply chain quality costs have been of interest 

in the 21st century, but they focus more on studying the whole supply chain from suppliers 

to customers. It does not showcase the direct amount of money that is paid by the buying 

company, but it has a lot of other benefits. Understanding all quality costs arising from 

different supply chains would be recommended as future research for case company. The 

costs that are generated in upstream supply chain are part of the hidden costs for case 

organization, and they are ultimately paid in the product prices (Campanella, 1999). This 

would increase knowledge on important improvement needs at suppliers.  

 

Value of Cost of Quality is never 100 % accurate, which needs to be understood when using 

CoQ to guide improvement initiatives. It could be argued that CoQ is an effective tool to be 

used in supplier quality management, but it should be considered as proportions of cost not 

as total cost when knowing that all costs cannot be calculated. This will drive for the 

continuous improvement for correct areas, yet return on investment cannot be accurately 

measured from this type of CoQ calculation. Creation process for SCoQ has required 

estimating, rounding and generalization, even while knowing that quality events are always 

unique. In addition, it has required decisiveness when something has to be left out of the 

scope even when it feels that somehow the model should take it into consideration. This has 

in return increased the model reliability as only the aspects that are supported by data are 

added. This also leads to model limitations. The SCoQ model has been created for the 

specific need for a case company to be used in supplier quality management KPIs. Although 

the cost categories and elements are universal the model would not be applicable as such for 

another manufacturing company. Also, the KPI aspect has resulted in leaving some cost 

types off the model, if supplier quality does not directly affect the cost.  

 

Finally, there should be some discussion on the way quality costs are perceived in general. 

Not understanding how poor quality is affecting costs creates a lot of waste for organizations. 
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For some reason still the concept of quality is thought to increase costs and investment in 

quality are not seen profitable. Quality Costs are also associated a lot with specifically cost 

reduction efforts. When discussing failure costs and appraisal costs to some extent cost 

reduction is correct term as typically those costs are such that are reduced. But mostly 

preventive costs are generating cost avoidance rather than cost reduction. TQM principles 

strive for this state, and the distinction between cost reduction and cost avoidance is not 

discussed a lot within quality cost theories. 
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Appendix 1. Cost of Supplier Quality Impact Analysis Survey plan 

Section 1: Basic information 

No.  Question Question type Desired output  

1 What is your role/title? Multiple choice, including 

“other”. If other is chosen 

then free text for specifying 

what. 

Defining different 

respondent groups for 

answers 

2 Which location do you 

work at? 

Multiple choice, listing only 

manufacturing units. 

“Other” choice also 

included. If other is chosen, 

then free text for specifying 

where. 

To understand 

differences in 

standard work 

between units. 

3 Have you encountered 

situations where supplier 

quality affects your daily 

work? 

Multiple choice To understand if the 

respondent frequently 

faces poor supplier 

quality situations 

4 What type of situations 

have you come across 

where supplier quality 

has affected your work? 

Open question, long answer 

possible 

Getting the 

respondent to think 

about supplier quality 

situations and 

providing some 

background on what 

type of situations the 

respondent is part of. 

5 Which of the following 

quality processes are you 

part of when you 

encounter supplier 

quality cases? 

 

Multiple choice, including 

“none” and “other”. If other 

is chosen, then free text for 

specifying what. 

To define which roles 

participate to different 

quality processes. 
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Section 2: Activities taken in supplier quality cases 

Please answer to the fields that are applicable for you. If you do not participate in the 

process, you can leave the field empty. There might also be activities that are not linked 

to the quality processes. Please list these activities in the "Other" field (Question 17). 

No.  Question Question type Desider output  

6 Quality process 1: List 

different activities that 

you need to perform when 

working on QP1 

Open question, long answer 

allowed.  

List of activities that 

are performed in this 

process. 

7 Quality process 2: List 

different activities that 

you need to perform 

when working on QP2 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

8 Quality process 3: List 

different activities that 

you need to perform when 

working on QP3 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

9 Quality process 4: List 

different activities that 

you need to perform when 

working on QP4. 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

10 Quality process 5: List 

different activities that 

you need to perform 

when working on QP 5. 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

11 Quality process 6: List 

different activities that 

you need to perform 

when working on QP 6. 

 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 
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12 Quality process 7: List 

different activities that 

you need to perform 

when working on QP 7. 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

13 Quality process 8: List 

different activities that 

you need to perform 

when working on QP 8. 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

14 Quality process 9: List 

different activities that 

you need to perform 

when working on QP 9.  

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

15 Quality process 10: List 

different activities that 

you need to perform 

when working on QP 10. 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

16 Quality process 12: List 

different activities that 

you need to perform 

when working on QP 11. 

Open question, long answer 

allowed. 

List of activities that 

are performed in this 

process. 

17 Other: List different 

activities that you need to 

perform in supplier 

quality related events that 

are not linked to the 

processes above. Also, if 

they are related to some 

specific process, please 

also write which one.  

 

 

 

Open question, long answer 

allowed. 

To ensure that all 

processes had been 

recognized and if not 

then to gather data for 

those.  
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Section 3: Working hours spent on supplier quality events 

No.  Question Question type Desired output  

18 How much working time 

would you estimate that 

you use on supplier 

quality related 

activities each week? 

Multiple choise  Understanding who is 

affected by poor 

supplier quality 

frequently.  

19 Estimate how much time 

you spend on typical 

activities in the following 

quality 

processes when handling 

ONE supplier quality 

case. Consider an 

average case. If you do 

not participate in the 

process, select 0 h.  

Likert scale with options: 0 

h, 1-30 min, 1-2 h, 3-8 h, 8-

16 h, 16-37 h, more. 

To gain understanding 

of the average 

working hours spent 

on different processes 

in different parts of 

the organization. 

20 Free comments about the 

working hours spent on 

the poor supplier quality 

cases 

 

 

 

 

 

 

 

 

 

 

 

Open question, long answer 

allowed. 

Free comments 
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Section 4: Free comments and feedback 

No.  Question Question type Output  

21 Any other comments 

about the used working 

hours or the activities in 

supplier quality events 

Open question, long answer 

allowed. 

Free comments 

22 Free feedback Open question, long answer 

allowed. 

Free comments 

 

 


