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Sammanfattning	

Begreppet	kvalitet	har	aldrig	varit	mer	aktuellt.	Arbetssätt	och	verktyg	inom	området	har	blivit	en	viktig	
och	avgörande	del	för	att	organisationer	ska	lyckas	i	den	utmanande	och	globala	marknad	som	de	verkar	
i.	 Kvalitetsbegreppet	 innefattar	metoder	och	 arbetssätt	 för	 alla	 delar	 av	 en	organisation	och	benämns	
idag	för	Total	Quality	Management	(TQM).	Kvalitetskontroll	på	produkter	var	starten	för	kvalitetsarbetet,	
men	företag	har	inte	alltid	förstått	vikten	av	kvalitet	för	att	skapa	efterfrågan	på	produkter	och	tjänster.	
Ett	paradigmskifte	skedde	när	konkurrensen	ökade	och	företagen	tvingades	arbeta	mer	aktivt	med	att	se	
till	 att	 produkter	 alltid	 levererades	 med	 god	 kvalitet.	 Resurser	 lades	 på	 arbete	 för	 att	 uppnå	
kvalitetsstandarder	 och	 mätningar	 av	 kvalitetsaktiviteter	 implementerades,	 Cost	 of	 Quality	 (CoQ)	
konceptet	var	fött.		

Metoder	inom	CoQ	bidrar	till	att	företag	får	förståelse	för	de	konsekvenser	som	det	innebär	att	leverera	
dålig	 produktkvalitet	 till	 kunden	 och	 erbjuder	 verktyg	 för	 att	motverka	 att	 kvalitetsbrist	 uppstår.	 CoQ	
introducerades	för	första	gången	av	Joseph	Juran	som	definierade	CoQ	som	”summan	av	alla	kostnader	
som	upphör	om	det	inte	finns	några	kvalitetsproblem”.	Det	finns	ett	antal	olika	tolkningar	och	varianter	
på	 hur	 en	 CoQ-modell	 ska	 definieras	 och	 se	 ut,	men	 generellt	 kan	 det	 beskrivas	 som	 ett	 strukturerat	
arbetssätt	för	att	identifiera,	mäta	och	sänka	kostnader	associerade	till	kvalitetsbrister.	Litteraturstudien	
som	är	gjord	lyfter	upp	flera	olika	fördelar	med	att	 implementera	en	CoQ	modell	 i	en	organisation,	här	
ges	 några	 exempel;	 bra	 marknadsföringsverktyg,	 hjälpa	 till	 att	 utvärdera	 produktionskostnad,	 ge	
underlag	för	långsiktiga	prognoser	och	även	ge	underlag	för	prissättning.		

Detta	 examensarbete	 hade	 till	 syfte	 att	 införskaffa	 kunskap	 gällande	 CoQ	 samt	 undersöka	 om	 en	
potentiell	 relation	mellan	kvalitetsbristkostnader	och	kvalitetsförebyggande	kostnader	existerar.	Vidare	
hur	 denna	 djupare	 förståelse	 kan	 vara	 underlag	 för	 att	 sänka	 totala	 CoQ.	 Problemställningarna	 som	
undersöks	 i	examensarbete	är	specifikt	riktat	mot	den	tillverkande	kemiindustrin.	Litteraturstudien	gav	
information	 och	 kunskap	 gällande	 CoQ	 och	 närliggande	 teoretiska	 områden.	 Det	 medförde	 att	 en	
generisk	bild	av	hur	CoQ	kan	modelleras	och	användas	i	ett	företag	kunde	skapas,	samt	ge	förståelse	för	
de	fördelar	som	en	implementering	kan	medföra.	Vetenskapliga	tidskrifter	och	litteratur	gav	information	
inom	 områden	 så	 som	 kvalitetsutveckling,	 TQM,	 ständiga	 förbättringar	 och	 CoQ.	 Den	 empiriska	
undersökningen	som	genomfördes	som	en	fallstudie	på	GE	Healthcare	i	Uppsala	gav	insikt	i	hur	en	CoQ	
modell	 kan	 tolkas	 och	 användas	 i	 en	 organisation	 inom	den	 kemiska	 tillverkningsindustrin.	 Fallstudien	
byggdes	upp	av	 informationsinsamling	genom	 intervjuer,	observationer	och	genom	att	 studera	 interna	
dokument	och	interna	kontrollsystem.	Utifrån	analys	mellan	empirin	och	litteraturundersökningen	kunde	
slutsatser	dras	och	 resultat	 fastställas.	 Ett	 av	de	 viktigaste	 resultaten	var	en	 framtagen	modell	 för	hur	
CoQ	 kan	 användas	 för	 att	 supporta	 ett	 effektivt	 CoQ-system.	 Resultatet	 från	 examensarbetet	
inkluderade	även	identifiering	av	kritiska	faktorer	för	att	kunna	upptäcka,	monitorerna	och	sänka	CoQ	i	
en	organisation.	Faktorer	essentiella	i	en	CoQ	modell	var	CoQ	definition,	identifiering,	klassificering	och	
mätning.	 Arbetet	medförde	 att	 flertalet	 CoQs	 identifierades	 och	 klartlagdes.	 Dessa	 diskuterades	 både	
specifikt	för	GE	Healthcare	Life	Sciences,	men	även	för	den	tillverkande	kemiindustrin	generellt.	Konkreta	
förslag	 för	 förbättring	 har	 tagits	 fram	 baserat	 på	 slutsatserna,	 som	 ger	 rekommendationer	 hur	 CoQ	
arbetet	kan	förbättras	för	att	bidra	till	ett	mer	utvecklat	kvalitetsarbete.		 	



Abstract	

Quality	management	 is	more	 relevant	 than	 ever	 and	has	 become	an	 important	 tool	 for	 companies	 to	
succeed	 in	 the	 challenging	 and	 global	 environment	 they	 operate	 in.	 It	 encapsulates	 several	 different	
methods	 and	 principles,	 and	 is	 today	 often	 referred	 to	 as	 Total	 Quality	Management	 (TQM).	Product	
quality	control	was	one	of	the	first	concepts	within	quality	management,	but	companies	have	not	always	
understood	 the	 importance	 of	 good	 quality	 to	 attract	 customers.	 A	 paradigm	 shift	 occurred	 when	
competitiveness	 increased,	 which	 forced	 companies	 to	 work	 more	 actively	 to	 consistently	 create	
products	 of	 good	 quality.	 Resources	 were	 directed	 to	 meet	 quality	 standards	 and	measurements	 for	
quality	activities	were	implemented;	the	Cost	of	Quality	(CoQ)	concepts	were	born.	

CoQ	methods	 allow	 companies	 to	 understand	 the	 implications	 of	 delivering	 poor	 quality	 and	 provide	
tools	to	prevent	products	of	poor	quality	being	produced.	This	is	described	by	Joseph	Juran	who	defined	
CoQ	as	“the	sum	of	all	costs	that	would	disappear	if	there	were	no	quality	problems”.	Several	different	
CoQ	models	 exist	 but	 can	 generally	 be	 described	 as	 a	 structured	way	 to	 identify,	measure	 and	 lower	
costs	associated	to	quality.	Research	argues	that	a	CoQ	model	has	several	benefits:	 it	could	be	a	good	
marketing	 tool,	 evaluating	 overall	 production	 costs,	 used	 for	 long	 term	 forecasting	 and	 a	 help	 to	 set	
selling	price	to	mention	a	few.		

This	 thesis	 had	 as	 purpose	 to	 explore	 and	 gain	 knowledge	 in	 CoQ,	 to	 investigate	 the	 relationship	
between	 conformance	 and	 non-conformance	 costs	 in	 the	 chemical	 manufacturing	 industry,	 and	 how	
that	could	be	a	basis	for	lowering	total	CoQ.	The	literature	study	gave	knowledge	about	CoQ	and	made	it	
possible	 to	create	an	apprehension	of	how	CoQ	could	be	used	 in	organizations	and	the	benefits	 it	can	
bring.	Academic	 journals	and	articles	provided	 information	and	knowledge	within	areas	such	as	quality	
management,	 TQM,	 CoQ	 and	 continuous	 improvements.	 The	 empirical	 findings	 from	 the	 case	 study	
showed	 how	 CoQ	 could	 be	 interpreted	 and	 used	 by	 an	 organization	 in	 the	 chemical	 manufacturing	
industry.	The	case	study	is	built	on	interviews,	observations	and	by	studying	internal	reports	and	internal	
management	systems.		

A	 major	 finding	 in	 this	 thesis	 was	 how	 CoQ	 could	 be	modelled	 to	 support	 a	 CoQ	 system	 effectively.	
Identification	of	critical	 components	 such	as	definition,	classification,	 identification	and	measuring	was	
guiding	 how	 a	 model	 could	 be	 designed	 to	 detect	 and	 lower	 CoQ	 in	 an	 organization.	 Several	 CoQ	
components	were	identified.	These	are	discussed	both	specifically	for	the	case	study	and	in	general	for	
the	 chemical	 manufacturing	 industry.	 Specific	 recommendations	 were	 derived	 from	 the	 conclusions,	
suggesting	ways	to	further	improve	CoQ	as	a	method	for	reaching	quality	excellence.	

	



Abbreviations	and	Definitions	

EXPRESSION	 MEANING	USED	IN	THIS	THESIS	
CoQ	 Cost	of	quality		
TCoQ	 Total	cost	of	quality	
CoPQ	 Cost	of	poor	quality	
HLS	 GE	Healthcare	Life	Sciences		
CPU	 Chemical	manufacturing	Uppsala	(Part	of	GE	Healthcare	Life	Sciences)	
DMS	 Quality	deviation	management	system	
TQM	 Total	quality	management		
JIT	 Just-in-time	
PAF	 Prevention,	appraisal,	failure	
ABC	 Activity-based	costing	
DMS	 Deviation	management	system	
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1 Introduction		
The	purpose	of	this	section	is	to	present	the	subject	that	is	to	be	discussed	in	the	thesis.	Initially	a	short	
background	is	presented	and	then	the	problem	discussion	is	leading	forward	to	the	purpose	of	the	thesis.	
Finally	the	disposition	of	the	thesis	is	described.		

1.1 Background		
Information	technology	and	globalization	is	making	the	world	shrink.	We	can	today	in	small	Sweden	use	
technology	made	 in	 Asia,	 eat	 food	 from	 South	 America	 and	 travel	 to	 Africa	 in	 just	 a	 few	 hours.	 This	
development	has	changed	the	environment	around	us	and	how	we	 live	 in	 it.	People’s	possibilities	and	
options	are	far	wider	today,	a	development	that	allows	us	to	make	independent	and	informed	decisions.	
The	same	development	is	occurring	in	the	business	world.	Endless	choices	and	informed	decisions	have	
heavily	 affected	 how	 to	 manage	 a	 successful	 organization.	 Globalization	 has	 created	 international	
competitiveness	never	seen	before,	forcing	companies	to	deliver	products	and	services	with	high	quality.	
(Mehra	&	Agrawal,	2003	and	Weckenmann,	Akkasoglu	&	Werner,	2015).	

Due	to	these	changes	quality	management	is	more	relevant	than	ever	and	has	become	an	important	tool	
for	companies	to	succeed	in	the	challenging	environment	they	operate	in,	as	pointed	out	by	Schiffaurova	
&	Thomson	(2006).	Quality	management	encapsulates	several	different	methods	and	principles,	and	 is	
today	referred	to	as	Total	Quality	Management	(TQM)	according	Mehra	&	Agrawal	(2003).	Weckenmann	
et	al.	 (2015)	have	examined	the	evolution	of	quality	management,	starting	off	with	activities	of	quality	
inspection	 developed	 into	 today’s	 TQM	 systems.	 Weckenmann	 et	 al.	 (2015)	 detected	 four	 different	
paradigm	 shifts	 in	 the	 history	 of	 quality	 management,	 where	 the	 initial	 aim	 was	 to	 assure	 a	 merely	
sufficient	quality	of	delivered	products	and	thus	avoid	complaints	 from	customers.	The	view	of	quality	
has	made	a	significant	change	into	today’s	TQM	systems	where	quality	management	methods	are	used	
in	every	function	of	an	organization	with	an	aim	to	do	right	from	the	start	and	minimize	quality	control	
(Weckenmann	et	al.,	2015).	There	exist	many	definitions	of	quality,	 a	 classic	definition	was	 formed	by	
Crosby	 (1979),	 “Conformance	 to	 requirements”.	 Mehra	 &	 Agrawal	 (2003)	 formulated	 their	 definition	
differently;	“Quality	 is	what	is	dictated	by	the	market	dynamics	and	what	is	demanded	by	the	ultimate	
customer.”	

Weckenmann	et	al.	 (2015)	 identified	product	quality	control	as	one	of	the	first	concepts	within	quality	
management.	The	quality	of	the	product	or	service	we	buy	has	always	been	a	critical	factor	in	trade.	The	
relationship	between	buyer	and	seller	is	defined	by	the	customer’s	willingness	to	buy	products	with	the	
best	quality	 for	 the	 lowest	price	possible,	and	companies	aim	to	satisfy	 their	customers	 for	 the	 lowest	
cost	possible.	The	work	of	trying	to	balance	quality,	price	and	cost	for	a	product	has	been	going	on	for	
centuries,	and	is	somewhat	a	definition	of	trade.	However,	companies	have	not	always	understood	the	
importance	 of	 good	 quality	 to	 attract	 customers,	 but	 as	 time	 passed	 competitiveness	 increased	 and	
product	quality	became	more	and	more	important.	According	to	Weckenmann	et	al.	 (2015)	companies	
therefore	started	to	work	more	focused	to	consistently	create	good	quality.	Resources	were	directed	to	
meet	quality	 standards	and	measurements	 for	quality	activities	were	 implemented;	 the	cost	of	quality	
(CoQ)	 concepts	was	born.	CoQ	methods	allow	companies	 to	understand	 the	 implications	of	delivering	
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poor	 quality	 and	 provide	 tools	 to	 prevent	 products	 of	 poor	 quality	 being	 produced.	 Vaxevandis	 &	
Petropoulos	 (2008)	 define	 CoQ	 as	 the	 sum	 of	 conformance	 costs	 and	 non-conformance	 costs,	 where	
conformance	 costs	 are	 those	 costs	 that	 arise	 when	 action	 is	 taken	 to	 prevent	 poor	 quality	 and	 non-
conformance	costs	are	 the	costs	of	poor	quality.	An	example	of	 cost	of	poor	quality	 is	when	products	
need	 to	 be	 scrapped	 or	 reworked.	 Joseph	 Juran	 defined	 CoQ	 as	 “the	 sum	 of	 all	 costs	 that	 would	
disappear	if	there	were	no	quality	problems”	(Juran,	1989,	p.50).		

There	 is	 an	 ongoing	 discussion	 how	 to	 view	 and	 define	 quality	management	 or	 quality	 errors	 and	 its	
relative	costs.	Juran	later	changed	his	perception	on	cost	of	quality	in	his	second	version	of	the	Quality	
Control	Handbook	(1989),	where	he	redefined	CoQ	to	cost	of	poor	quality	(CoPQ)	instead	of	CoQ.	COPQ	
is	the	sum	of	all	costs	that	would	disappear	if	there	were	no	quality	problems.	Bergman	&	Klefsjö	(2007)	
also	discusses	CoQ	and	CoPQ	and	argue	 that	CoQ	 is	an	old	and	 incorrect	perception,	 since	 it	 indicates	
that	 quality	 is	 a	 cost.	 According	 to	 Bergman	 &	 Klefsjö	 (2007)	 CoPQ	 is	 the	modern	 and	more	 correct	
interpretation,	where	the	definition	is	similar	to	Juran’s	from	1989	and	is	a	result	from	either	internal	or	
external	failure	costs,	hence	CoPQ	do	not	include	conformance	costs.	There	seems	to	be	an	irregularity	
in	how	to	view	and	define	quality	or	quality	errors	and	its	related	costs.	CoQ	and	CoPQ	is	often	mixed	up	
and	defined	in	similar	or	different	ways,	in	this	thesis	it	was	chosen	to	use	CoQ	as	the	definition.	CoQ	was	
chosen	since	the	many	academic	articles	that	has	been	considered	often	uses	CoQ	and	also	because	 it	
was	the	definition	used	at	the	case	company	GE	Healthcare	Life	Sciences.	

According	 to	 Sower,	 Quarles	 &	 Broussard	 (2007)	 the	 view	 of	 CoQ	 concepts	 varies	 in	 business.	 Some	
companies	 have	 successfully	 implemented	 CoQ	 methods	 resulting	 in	 performance	 development.	 The	
model	most	commonly	used	is	the	PAF	model,	dividing	costs	into	prevention,	appraisal	and	failure.	Other	
companies	do	not	track	CoQ	at	all.	Sower	et	al.	(2007)	have	identified	causes	to	why	CoQ	is	not	tracked	
and	argue	that	 it	has	to	do	with	 lack	of	management	support,	 lack	of	knowledge	of	how	to	track	CoQ,	
lack	of	applicable	tools	and	not	seeing	the	benefit	 it	brings.	Due	to	these	factors	the	conclusion	can	be	
drawn	that	CoQ	is	not	a	wide	spread	concept.	However	Sower	et	al.	(2007)	argue	that	CoQ	must	be	kept	
on	an	acceptable	level.	If	the	cost	is	too	high,	it	may	have	significant	implications	to	competitive	pricing.	
Research	has	 shown	 that	CoQ	could	be	estimated	as	5-15	percent	of	 company	 turnover	 (Sower	et	al.,	
2007).	A	study	made	by	Cheah,	Shahbudin	&	Taib	(2011)	in	major	industrial	corporations	gives	evidence	
to	the	positive	effect	of	implementing	CoQ	models.	A	CoQ	model	is	a	structured	way	to	identify,	measure	
and	lower	costs.	Several	models	exist	and	differ	in	the	way	of	how	cost	is	classified	and	measured.	The	
corporations	argued	that	the	model	was	a	good	marketing	tool,	evaluated	overall	production	costs,	was	
used	for	long-term	forecasting	and	helped	to	set	a	selling	price	to	mention	a	few.	

Even	 though	manufacturing	 companies	 successfully	are	using	CoQ	methods,	Cheah	et	al.	 (2011)	argue	
that	they	to	some	extent	either	are	under-estimated	or	never	actually	discovered.	The	authors	also	point	
out	 that	conventional	CoQ	models	mainly	deal	with	visible	costs	 that	are	concrete	and	easy	 to	detect,	
such	as	 scrap	and	 rework	of	products,	but	overlook	other	 important	 costs.	 These	 costs	 are	 commonly	
referred	 to	 as	 hidden	 costs	 and	 are	 equally	 crucial	 to	 identify.	 Hidden	 costs	 are	 often	 to	 be	 found	 in	
ineffective	utilization	of	resources	or	cost	categories	not	taken	into	consideration.	According	to	Cheah	et	
al.	(2011)	hidden	quality	costs	could	be	more	than	three	times	the	traditional	quality	costs.	Since	hidden	
costs	 seldom	are	 reported	or	measured,	 they	 are	not	 accounted	 for	 (Krishnan,	 2006).	 To	describe	 the	
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relationship	between	visible	and	hidden	costs	of	quality	Krishnan	(2006)	uses	a	parable	with	an	iceberg,	
seen	in	Figure	1.	Visible	costs	are	represented	by	the	top	part	of	the	iceberg	above	the	water	surface	and	
hidden	costs	are	represented	by	the	main	part	of	the	iceberg	below	the	surface.	

	

Figure	1:	Relationship	between	hidden	and	visible	quality	costs.	Source:	Krishnan,	(2006)	

According	to	Vaxevanidis	&	Petropoulos	 (2008)	CoQ	as	a	concept	has	been	discussed	since	the	1950’s.	
The	majority	of	information	is	directed	to	manufacturing	companies,	where	multiple	articles	and	books	
discussing	 CoQ	 can	 be	 found.	 Case	 studies	 in	 purpose	 to	 understand	 and	 improve	 the	 work	 with	
methodologies	within	CoQ	have	been	performed	at	companies	in	industries	such	as	automotive,	textile	
and	 several	 more.	 Schiffaurova	 &	 Thomson	 (2006)	 among	 others	 are	 presenting	 examples	 of	
implementation	of	a	CoQ	system	in	manufacturing	companies.	However,	specific	research	and	literature	
viewing	CoQ	in	the	chemical	manufacturing	industry	has	not	been	found.	Hence,	this	thesis	seeks	to	fill	
that	gap	and	further	discuss	CoQ	methodologies	in	a	chemical	manufacturing	point	of	view.		

1.2 Problem	Discussion		
General	 Electric	 (GE)	was	 an	 early	 adopter	 of	 quality	management	 and	 TQM,	when	 implementing	 Six	
Sigma	methodologies	(Henderson	&	Evans,	2000).	Sörqvist	&	Höglund	(2007)	also	claim	that	GE	was	one	
of	 the	 front	 runners	 in	 implementation	 of	 Six	 Sigma	 and	 describe	 the	 method	 as	 a	 result-oriented	
continuous-improvement	 work,	 which	 gives	 increased	 profitability	 and	 satisfied	 customers	 when	
producing	products	and	services.	GE	Healthcare	Life	Sciences	(HLS)	 is	a	division	within	General	Electric,	
characterized	 as	 a	 manufacturing	 company	 in	 the	 chemical	 manufacturing	 industry.	 They	 are	
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manufacturing	both	instruments	and	chemicals,	providing	customers	with	solutions	to	discover,	develop	
and	manufacture	medicine	(Healthcare,	2014).	A	medicine	of	poor	quality	can	cause	major	damages	to	
people	using	 it,	which	make	product	quality	a	critical	 factor	 in	 the	Life	Sciences	business.	According	to	
the	product	quality	manager,	customers	of	HLS	have	strict	purchasing	procedures,	and	their	products	are	
also	regulated	in	detail	by	the	authorities.	Hence	high	product	quality	 is	a	necessity	for	HLS	in	order	to	
sell	products	and	succeed	in	the	industry.	GE	Healthcare	Life	Sciences	has	high	internal	requirements	on	
quality,	 which	 have	 elaborated	 into	 a	 product	 quality	 framework.	 The	 framework	 supports	 the	
development	processes	of	maintaining	and	 improving	quality	and	also	 to	meet	 the	strict	 requirements	
from	 the	 industry.	 The	 framework	 includes	different	aspects	of	quality	management,	where	 total	CoQ	
(TCoQ)	is	a	key	aspect	(GE	Healthcare,	2016).		

This	 thesis	 is	 performed	 at	 HLS	 chemical	 manufacturing	 site	 in	 Uppsala	 (CPU).	 At	 CPU	 methods	 for	
measuring	CoQ	are	applied	and	quite	well	established.	According	to	the	product	quality	framework	CoQ	
is	defined	as	cost	of	conformance	and	cost	of	non-conformance,	but	so	far	only	non-conformance	costs	
have	 been	 identified.	 Non-conformance	 costs	 are	 categorized	 as	 scrap,	 zero-yield	 and	 rework	 and	
measured	monthly	 as	 a	 percentage	 of	manufacturing	 cost.	 According	 to	 the	 product	 quality	manager	
CPU	wishes	 to	gain	deeper	knowledge	about	CoQ	and	determine	whether	 the	non-conformance	costs	
they	 are	 measuring	 is	 good	 enough,	 or	 if	 they	 are	 missing	 several	 costs	 due	 to	 lack	 of	 knowledge.	
Further,	HLS	wishes	 to	evaluate	conformance	costs	 identified,	and	understand	 if	 they	are	applicable	 in	
the	organization.	This	led	to	a	discussion	with	the	product	quality	management	team	considering	how	an	
organization	 could	 review	 their	work	with	 CoQ	 and	 if	 and	 how	 it	 is	 possible	 to	 improve.	 The	 product	
quality	management	 team	 at	 HLS	 has	 the	 theoretical	 knowledge	 and	 understanding	 of	 other	 possible	
CoQs	 not	 yet	measured.	 But	 they	 need	 help	 to	 find	 an	 operational	 approach	 for	 how	 to	 identify	 and	
measure	these	throughout	the	whole	organization.		

1.3 Purpose		
The	 purpose	 of	 this	 thesis	 is	 to	 explore	 and	 gain	 knowledge	 of	 CoQ	 and	 its	 impact	 in	 business.	
Furthermore,	to	investigate	a	possible	relationship	between	conformance	and	non-conformance	costs	in	
the	chemical	manufacturing	 industry.	Lastly	to	understand	how	the	relationship	between	conformance	
and	non-conformance	could	be	the	basis	for	lowering	total	CoQ.	

The	first	aim	is	to	attain	deeper	knowledge	within	the	concept	of	CoQ,	to	better	understand	how	it	can	
be	used	to	 lower	costs	and	exceed	product	quality	 in	organizations.	 In-depth	knowledge	 is	essential	 to	
evaluate	current	CoQ	methods,	hereby	exploring	if	there	is	a	risk	that	the	total	non-conformance	cost	is	
much	 higher	 due	 to	 “hidden”	 costs.	 Hence	 identifying	 possible	 non-conformance	 costs,	 applicable	 in	
manufacturing	organizations,	is	needed.	As	pointed	out	in	section	1.1,	it	is	equally	important	to	consider	
conformance	costs.	By	identifying	processes	in	the	value	chain	where	improvements	could	prevent	poor	
quality,	conformance	costs	is	accounted	for.		

Q1:	How	can	conformance	and	non-conformance	costs	be	identified,	classified	and	measured?	

According	 to	 Vaxevanidis	 &	 Petropoulos	 (2008),	 CoQ	methods	 vary	 from	 organization	 to	 organization	
and	cost	identification	should	therefore	be	tailored-made.	When	identifying	CoQ,	it	is	highly	relevant	to	
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have	knowledge	and	understanding	of	how	the	products	are	produced.	This	 thesis	 investigates	CoQ	 in	
the	chemical	manufacturing	industry.	Characteristics	that	define	this	industry	and	how	those	could	affect	
CoQ	methodologies	are	therefore	highly	interesting.	

Q2:	 How	 can	 conformance	 and	 non-conformance	 costs	 be	 identified,	 classified	 and	 measured	 in	 the	
chemical	industry?	

The	 objective	 for	 any	 company	 is	 to	 achieve	 high	 quality	 for	 the	 lowest	 cost	 possible.	 As	 already	
established,	CoQ	has	 impact	on	overall	manufacturing	 costs,	 thus	a	decrease	 in	CoQ	would	 result	 in	a	
decrease	 in	 manufacturing	 costs.	 Finding	 a	 strategy	 to	 lower	 the	 CoQ	 is	 crucial	 for	 a	 business	 to	
successfully	 compete	within	 their	 industry.	 Conformance	 costs	 can	be	 characterized	 as	 the	 amount	of	
resources	should	be	invested	in	working	proactively	with	product	quality.	Non-conformance	costs	can	be	
described	as	resources	appointed	to	correct	poor	quality	and	control	that	quality	standards	are	reached.	
When	organization	 is	aiming	 to	 lower	CoQ	 is	 it	 therefore	 relevant	 to	understand	 the	balance	between	
these	two.	

Q3:	How	could	the	relationship	between	conformance	and	non-conformance	be	modelled?	Could	such	a	
model	be	basis	for	lowering	of	Total	Cost	of	Quality?	
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1.4 Thesis	Disposition		
Figure	2	presents	an	overview	of	the	content	in	this	thesis.	It	also	indicates	how	the	different	sections	are	
contributing	to	fulfill	the	purpose	and	answer	the	questions	stated	in	the	introduction.	

	

	

Figure	2:	An	illustration	of	the	thesis	disposition.		 	

	 	

2.	Method	

3.	Theorelcal	
frame	of	
reference	

4.	Emperical	
findings	

5.	Analysis	

6.	Conclusions	
and	

recomendalons	

Q1	-	A	generic	interpretalon	
of	CoQ		
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manufacturing	industry		

Q3	-	CoQ	model	
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2 Method		
In	this	chapter	strategies	and	methods	are	described	for	how	research	could	be	carried	out	to	be	able	to	
answer	the	three	research	questions	stated	in	the	introduction	section.	

To	offer	the	reader	an	overview	of	the	methodology	used	in	this	thesis	a	summary	is	presented	in	table	1	
below.	 A	 more	 detailed	 description	 of	 research	 purpose,	 approach,	 strategy,	 and	 data	 collection	 will	
follow.		

Table	1:	Summary	of	the	research	design	used	in	this	thesis.	

	 Method	choice		 Detailed	choice		
2.1	Research	purpose		 Exploratory	 	
2.2	Research	approach		 Abductive	 	
	 Qualitative	&	quantitative	to	some	extent	 	
2.3	Research	strategy	 Case	study		 Multiple	case	study		
2.4	Sample	Selection		 Non-probability	sampling		 Convenience	and	Purposive	
2.5	Data	collection	 Primary	data	 Interviews	–	semi	structured	

Observation	–	participant	
Secondary	data	 Books,	 databases	 &	 academic	

journals	
2.6	Data	analysis	 Gap	analysis,	cross-case	analysis		 	
	

2.1 Purpose		
Research	 can	be	described	 as	 having	 three	different	 purposes,	 or	 also	 a	 combination	of	 two	of	 them.	
Research	that	is	explanatory	views	a	problem	with	the	purpose	of	understanding	how	different	variables	
are	related	to	each	other	according	to	Lundhal	&	Skärvad	(1999)	and	Saunders,	Lewis	&	Thornhill	(2009).	
The	 second	 research	 purpose	 is	 exploratory	 and	 is	 used	 when	 the	 researcher	 aims	 to	 develop	
fundamental	knowledge	and	understanding	within	a	subject.	Saunders	et	al.	(2009)	continue	to	explain	
exploratory	 purpose	 as	 flexible	 and	 adaptable	 to	 changes	 of	 direction	 that	 take	 place	 during	 the	
research.	Exploratory	purpose	initially	often	has	a	wide	focus	on	the	problem	area.	When	information	is	
collected	 and	 knowledge	 acquired	 the	 problem	 becomes	 more	 specified	 and	 concrete.	 According	 to	
Ghauri	 &	 Gronhaug	 (2005)	 exploratory	 research	 is	 used	 when	 the	 problem	 is	 badly	 understood	 and	
requires	 the	 ability	 to	 observe,	 get	 information	 and	 construct	 explanation,	which	 also	 could	 be	 called	
theorizing.	Descriptive	is	the	last	and	third	purpose,	here	the	research	is	trying	to	give	the	most	truthful	
picture	of	a	situation,	person	or	occurrence.	Descriptive	research	is	commonly	used	as	a	pre-study	before	
either	exploratory	or	explanatory	research	is	applied	for	further	investigation	(Saunders	et	al.,	2009).		

This	thesis	was	conducted	with	an	exploratory	purpose,	hence	it	was	designed	to	acquire	understanding	
of	 CoQ	 and	 its	 impact	 on	 manufacturing	 costs	 in	 the	 chemical	 industry.	 Ghauri	 &	 Gronhaug	 (2005)	
compare	 an	exploratory	method	with	 a	detective	 trying	 to	 solve	 a	murder	 case.	 Initially	 the	detective	
does	 not	 know	 anything	 about	 the	 murder,	 but	 with	 questions	 of	 investigating	 nature	 he	 gathers	
information	from	different	sources	that	can	give	different	views	on	what	really	happened.	As	time	passes	
and	 the	 detective	 collects	 more	 information,	 the	 problem	 becomes	more	 concrete	 and	 he	 is	 able	 to	
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design	a	theory	for	how	the	person	was	murdered.	Similarly	in	this	thesis,	the	problem	area	initially	was	
in	need	of	more	information	and	knowledge.	The	questions	stated	in	the	introduction	were	formulated	
to	be	investigating	in	its	nature,	aimed	for	deeper	understanding	of	an	area	and	seeking	knowledge	from	
different	viewpoints.		

2.2 Approach		
According	to	Saunders	et	al.	(2009)	there	are	three	different	approaches	that	can	be	used	for	research.	In	
the	first	approach	called	deductive	approach	an	existing	theory	is	tested	and	the	aim	is	to	explain	casual	
relationships	between	variables.	When	deductive	approach	is	used	hypotheses	are	developed	and	then	
tested	 in	 a	 controlled	way	 (Saunders	 et	 al.,	 2009).	 Lundhal	 &	 Skärvad	 (1999)	 added	 that	 a	 deductive	
approach	 is	 trying	 to	 make	 logical	 assumptions	 with	 theory	 as	 base.	 When	 data	 collection	 is	 first	
performed	to	achieve	new	insight	and	to	be	able	to	develop	new	theory,	the	approach	is	called	induction	
according	to	Lundhal	&	Skärvad	(1999)	and	Saunders	et	al.	(2009).	

Even	 though	 deductive	 and	 inductive	 approaches	 have	 strong	 definitions	 and	 give	 the	 impression	 of	
being	divided,	 there	 is	no	problem	to	combine	 these	 two.	Saunders	et	al.	 (2009)	argue	 that	 it	actually	
could	be	an	advantage	to	use	a	combination	of	inductive	and	deductive	approach.	This	approach	is	called	
abductive	and	alternates	from	collection	of	empirical	data	and	explanation	of	patterns	with	the	objective	
of	generating	new	theory,	which	again	is	tested	against	additional	data	(Saunders	et	al.,	2009).	However	
Alvesson	&	Sköldberg	(2008)	claim	that	abductive	approach	should	not	be	misread	as	a	direct	merge	of	
deductive	and	inductive,	instead	it	is	a	result	of	the	combination	of	both	but	with	characteristics	specific	
for	abductive.		

To	be	able	to	answer	the	questions	in	this	thesis,	literature	was	studied	in	parallel	to	data	collection	and	
the	theoretical	framework	was	developed	at	the	same	time	as	collection	and	therefore	also	 influenced	
by	this.	Hence	the	approach	for	this	thesis	was	defined	as	abductive.		

Another	 aspect	 to	 take	 into	 account	 is	 if	 the	 research	 is	 of	 quantitative	 or	 qualitative	 character.	
According	 to	Saunders	et	al.	 (2009)	and	Lundahl	&	Skärvad	 (1999)	quantitative	or	qualitative	methods	
are	different	ways	of	planning	and	choosing	direction	of	the	research.	How	data	collection	is	performed	
and	what	type	of	data	that	 is	collected	are	factors	deciding	 if	the	collection	should	be	characterized	as	
quantitative,	qualitative	or	a	combination	of	them	both.	A	quantitative	method	is	using	numerical	data	
(Dutka,	1995	and	Saunders	et	al.,	2009).	Saunders	et	al.	(2009)	explain	that	numbers	and	statistical	data	
that	can	be	presented	in	graphs	are	examples	of	quantitative	data.	Björklund	&	Paulsson	(2003)	further	
explain	 that	 quantitative	 data	 is	 preferably	 used	 in	mathematical	models	 and	 surveys.	 A	 benefit	 with	
using	 quantitative	 methods	 is	 the	 possibility	 to	 work	 in	 a	 structured	 way	 and	 to	 be	 able	 to	 make	
generalizations	(Holme	&	Krohn	Solvang,	1997).	

Qualitative	methods	are	using	non-numerical	data	such	as	words,	pictures	and	movies.	Common	ways	to	
collect	qualitative	data	are	by	interviews	and	observations	(Dukta,	1995	and	Saunders	et	al.,	2009).	This	
method	is	often	used	when	the	researcher	is	seeking	a	deeper	understanding	of	the	subject	(Björklund	&	
Paulsson,	2003).	Holme	&	Krohn	Solvang	(1997)	add	that	a	qualitative	method	allows	the	researcher	to	
see	the	bigger	picture	and	hence	achieve	a	greater	understanding	of	the	context.	However	Dukta	(1995)	
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and	Holme	&	Krohn	Solvang	 (1997)	 and	 Saunders	 et	 al.	 (2009)	 argue	 that	quantitative	 and	qualitative	
methods	could	be	combined	in	the	data	collection.		

This	thesis	was	primarily	built	on	qualitative	data	due	to	the	nature	of	the	questions	in	the	introduction.	
Qualitative	methods	 such	 as	 observations	 and	 interviews	were	 applied	 to	 provide	 information	 and	 to	
acquire	 a	deeper	understanding	of	 the	process	 regarding	product	quality	 in	 a	 chemical	manufacturing	
organization.	Hence	this	thesis	was	not	mainly	built	on	collection	and	analysis	of	hard	numbers.		

2.3 Strategy		
Figure	3	summarizes	the	strategy	used	in	this	thesis,	including	the	phases	and	methods	that	are	needed	
to	be	able	to	answer	Q1,	Q2	and	Q3.		

A	 research	strategy	helps	 the	researcher	 to	attain	 the	purpose	by	making	an	action	plan	based	on	the	
established	research	questions	(Saunders	et	al.,	2009).	Both	Saunders	et	al.	(2009)	and	Yin	(2009)	argue	
that	there	are	five	different	strategies;	experiment,	survey,	archival	study,	historic	and	case	study,	and	
depending	 on	 the	 purpose	 of	 the	 research	 different	 strategies	 would	 be	 applicable.	 Saunders	 et	 al.	
(2009)	also	add	action	research,	grounded	theory	and	ethnography	as	strategies,	however	these	are	not	
further	discussed	in	this	thesis.	When	choosing	research	strategy	Yin	(2009)	explains	that	formulation	of	
the	questions	has	a	substantial	impact	as	well	as	if	the	research	views	historical	or	present	events.	If	the	
research	 has	 to	 control	 behavioral	 events,	 that	 also	 needs	 to	 be	 taken	 into	 consideration.	 Yin	 (2009)	
presents	a	summary	of	all	research	strategies	and	their	characteristics,	see	Table	2	below,	and	Saunders	
et	al.	(2009)	interject	that	several	strategies	can	be	chosen	for	qualitative	research.	

Table	2:	Research	strategies	and	its	characteristics.	Source:	Yin	(2009).	

Strategy	 Form	of	research	
question	

Requires	control	of	
behavioral	events?		

Focus	on	contemporary	
events?	

Experiment	 How,	why?	 Yes	 Yes	
Survey	 Who,	what,	where,	how	

many,	how	much?	
No	 Yes	

Archival	Analysis	 Who,	what,	where,	how	
many,	how	much?	

No	
	

Yes/No	

History	 How,	why?	 No	 No	
Case	Study		 How,	why?	 No	 Yes	
	
This	 thesis	did	not	 require	control	of	behavioral	events	but	 it	did	 focus	on	contemporary	events,	both	
these	aspects	support	case	study	as	choice	of	strategy.	The	design	of	the	questions	also	opened	up	for	
case	 study	 since	 they	 were	 investigating	 and	 seek	 a	 deeper	 understanding	 in	 a	 pre-determined	 and	
specific	context.	According	to	Alvesson	&	Sköldberg	 (2008)	case	study	as	choice	of	research	strategy	 is	
the	most	commonly	used	strategy	when	having	an	abductive	research	approach.	Saunders	et	al.	(2009)	
fill	in	and	point	out	that	case	study	is	applicable	for	an	explorative	purpose.	A	method	for	conducting	this	
thesis	was	to	use	a	real	life	problem	occurring	at	a	business	organization	as	a	platform	for	investigating	
and	developing	 theories	within	cost	of	quality.	All	 this	 together	made	case	study	 the	natural	choice	of	
strategy.		
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Figure	3:	Schematic	picture	of	research	strategy	

2.3.1 Case	study		
According	 to	 Lundahl	 &	 Skärvad	 (1999)	 and	 Yin	 (2009)	 case	 study	 could	 be	 described	 as	 research	 of	
phenomena	 in	 a	 real	 life	 context.	 The	 authors	 continue	 to	 point	 out	 that	 case	 study	 is	 the	 most	
commonly	used	strategy	for	qualitative	studies,	greatly	due	to	its	ability	to	understand	an	organization’s	

• Explorative	model	
• Abductive	approach	
• Qualitative	

• Observation	
• Interviews		
• Company	reports	
• Benchmarking	

• Gap	analysis	
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complexity	in	its	whole	and	to	enable	an	overview	of	events	occurring	in	real-time.	Saunders	et	al.	(2009)	
also	explain	 that	 case	 study	provides	 tools	 for	deeper	understanding	 in	 the	 research.	Case	 study	gives	
opportunity	to	view	and	understand	the	situation	from	different	angles	both	in	a	historical	and	present	
time	perspective	(Lundahl	&	Skärvad,	1999).		

According	 to	Yin	 (2009)	case	studies	can	be	divided	 into	 two	different	dimensions.	The	 first	dimension	
describes	whether	one	or	multiple	cases	are	involved	in	the	strategy.	The	second	dimension	is	regarding	
the	 context	where	 the	 case	 study	 is	 performed.	A	 holistic	 view	 implies	 that	 research	 and	 analysis	 are	
performed	at	one	specific	section	within	an	organization,	contrary	to	an	embedded	view,	where	multiple	
sections	 are	 researched	 and	 analyzed	 as	 a	whole.	 There	 are	 several	 different	 data	 collection	methods	
that	can	be	used	with	a	case	study.	Commonly	used	are	interviews,	observations,	surveys	and	document	
analysis	or	a	combination	of	these	(Saunders	et	al.,	2009).		

Different	persons	and	functions	within	the	case	company	were	used	to	gather	information.	This	allowed	
a	multiple	point	of	view	on	the	same	problem,	which	was	important	to	be	able	to	answer	the	questions	
in	the	 introduction	correctly.	The	case	was	performed	at	a	specific	part	of	GE	Healthcare	Life	Sciences,	
more	specific	the	production	line	with	potentially	highest	CoQ.		

2.4 Sample	Selection		
When	data	collection	is	performed,	the	population	where	the	data	is	collected	from	needs	to	be	taken	
into	consideration,	a	method	also	referred	to	as	sample	selection.	According	to	Holme	&	Krohn	Solvang	
(1997)	 and	 Saunders	 et	 al.	 (2009)	 two	 different	 techniques	 exist	 for	 how	 sample	 selection	 could	 be	
made.	The	first	one	 is	probability	sampling,	using	this	 technique	every	 individual	 in	 the	population	has	
the	 same	 chance	 of	 getting	 picked.	 Probability	 sampling	 is	 often	 used	 for	 research	 strategies	 such	 as	
surveys	and	experiments.	The	second	technique,	non-probability	sampling,	is	the	opposite	of	probability,	
meaning	 that	 each	 individual	 in	 a	 population	 does	 not	 have	 the	 same	 chance	 to	 get	 picked.	 Non-
probability	sampling	is	preferred	if	the	results	of	a	study	are	to	be	generalized	to	the	whole	population	
and	also	when	probability	sampling	is	not	suitable	or	even	possible.	Holme	&	Krohn	Solvang	(1997)	also	
argue	that	a	combination	of	both	sample	selections	is	possible.		

Saunders	et	al.	(2009)	explain	that	there	are	four	methods	for	how	to	perform	non-probability	sampling;	
quota,	purposive,	volunteer	and	convenience.	If	they	are	pictured	at	a	scale,	Sanders	et	al.	(2009)	imply	
that	quota	 is	on	one	side	of	 the	scale	with	characteristics	most	similar	 to	probability	sampling.	On	the	
other	side	of	the	scale	is	convenience	and	self-selection.	Here	the	researcher	has	little	control	over	the	
sample	cases	and	 information	needs	to	be	collected	as	quickly	as	possible.	 In	between	these	extremes	
we	have	purposive	and	snowball	sampling.		

In	 this	 thesis	 non-probability	 sampling	was	 chosen.	 Since	 this	 thesis	 had	 an	 exploratory	 approach	 and	
used	case	study	as	strategy	it	was	important	to	choose	individuals	thoughtfully	and	strategically	for	the	
data	collection.	The	choice	is	strengthened	by	Holme	&	Krohn	Solvang	(1997)	and	Saunders	et	al.	(2009).	
According	 to	 the	 authors	 non-probability	 sampling	 is	 suitable	 for	 a	 case	 study	 strategy.	 The	 sample	
selection	can	then	be	based	on	thoughtfully	formed	criteria,	both	strategically	and	theoretically	defined.	
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Non-probability	 sampling	 was	 also	 chosen	 due	 to	 limitations	 in	 resources	 to	 perform	 a	 probability	
sampling	selection.		

Quota	sampling	was	not	chosen	for	this	thesis	due	to	limitations	in	resources	and	time.	It	was	however	
important	 to	 have	 control	 over	 and	 make	 strategic	 sample	 selections,	 in	 order	 to	 secure	 that	 the	
questions	 in	 the	 introduction	 was	 fully	 answered.	 Hence	 purposive	 and	 convenience	 selection	 was	
chosen.	The	other	alternatives	will	not	be	further	discussed	in	this	thesis.		

According	to	Saunders	et	al.	(2009)	purposive	sampling	enables	the	selection	of	cases	based	on	judgment	
and	that	will	help	the	researcher	to	answer	research	questions.	This	method	is	often	used	in	case	studies	
that	 are	 particularly	 informative	 and	 include	 in-depth	 information	within	 the	 subject	 (Saunders	 et	 al.,	
2009).	Convenience	sampling	is	defined	by	Saunders	et	al.	(2009)	as	haphazardly	selecting	cases	that	are	
the	easiest	to	obtain	for	the	researchers.	This	process	goes	on	until	the	researcher	feels	that	the	required	
sample	size	is	reached.		

2.5 Data	Collection	and	Data	Analysis	
Data	 collection	 is	 a	 concept	 concerning	 how	 information	 that	 is	 needed	 should	 be	 acquired.	Whether	
quantitative	or	qualitative	methods	are	used	in	research,	data	collection	will	be	approached	differently.	
However	Ghauri	&	Gronhaug	 (2005)	 argue	 that	 the	 collection	method	 for	 quantitative	 and	qualitative	
can	be	combined.	Qualitative	methods	are	often	first	used	and	are	later	quantified	in	some	way.	When	
performing	 qualitative	 research	 primary	 data	 collection	 such	 as	 interviews	 and	 observations	 are	
commonly	used.		

2.5.1 Primary	data		
Primary	data	are	defined	as	data	collected	due	to	the	specific	research	and	are	relevant	for	the	research	
purpose	(Ghauri	&	Gronhaug,	2005).	It	is	often	used	when	secondary	data	is	not	sufficient	to	help	answer	
questions	and	problem	areas	within	the	research.	It	can	be	collected	even	though	secondary	data	exist	
since	a	major	advantage	with	primary	data	 is	that	 it	 is	collected	for	a	specific	research	purpose.	 It	also	
allows	 the	 researcher	 to	 gain	 understanding	 of	 other	 dynamics	 of	 information,	 such	 as	 people’s	
attitudes,	opinions	and	behaviors	(Ghauri	&	Gronhaug,	2005).	Ghauri	&	Gronhaug	(2005)	and	Saunders	
et	 al.	 (2009)	 give	 observations,	 experiments,	 surveys	 and	 interviews	 as	 examples	 of	 primary	 data.	
Experiments	and	surveys	were	not	applicable	 in	 this	 thesis	due	to	 its	design,	and	will	 therefore	not	be	
further	described.		

Observation	
An	 observation	 means	 that	 information	 is	 collected	 through	 listening	 and	 watching	 events	 or	 other	
people’s	 behavior.	 It	 enables	 a	 person	 to	 collect	 firsthand	 information	 in	 its	 natural	 setting.	 This	 also	
makes	it	easier	to	get	a	fundamental	understanding	of	the	situation	and	to	capture	dynamics	impossible	
to	 understand	 from	 a	 written	 text	 (Ghauri	 &	 Gronhaug,	 2005).	 Saunders	 et	 al.	 (2009)	 describe	
observation	 as	 one	 of	 three	 ways	 to	 collect	 primary	 data.	 The	 authors	 divided	 observations	 into	
participant	 observation	 and	 structured	 observation.	 The	 first	 mentioned	 is	 commonly	 used	 for	
qualitative	methods	with	the	aim	to	discover	the	meanings	that	people	attach	to	their	actions.	Ejvegård	
(2009)	 defines	 participation	 observation	 as	 when	 a	 researcher	 describes	 a	 situation	 or	 process	 that	
he/she	 is	 involved	 in	 or	 part	 of	 an	 organization	 or	 any	 other	 way	 that	 gives	 insight.	 Participation	
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observation	means	to	observe	real	time	events	and	gives	the	researcher	the	advantage	to	gain	in-depth	
knowledge	and	understanding	of	processes	or	events.	A	disadvantage	that	the	author	 identifies	 is	 that	
the	 researcher	 can	 subjectively	 interpret	 the	 observation	 or	 risk	 disturbing	 the	 event	 with	 his/her	
presence.	Ejvegård	(2009)	argues	that	if	observation	is	used	as	data	collection	method,	the	research	does	
wise	 in	 complementing	 with	 interviews	 and	 records.	 Ghauri	 &	 Gronhaug	 (2005)	 refer	 participant	
observation	 to	 an	 event	where	 the	 observer	 is	 a	 natural	 part	 of	 the	 situation.	 The	 observation	 is	 not	
hidden	or	disguised,	in	other	words	people	that	are	being	observed	know	that	they	are	being	observed	
and	 by	 whom.	 Structured	 observations	 on	 the	 other	 hand	 are	 quantitative	 and	 concerned	 with	 the	
frequency	of	actions	from	people	that	are	observed	(Saunders	et	al.,	2009).		

A	second	type	of	observation	described	by	Ghauri	&	Gronhaug	(2005)	is	called	non-participant.	Here	the	
observer	observes	in	the	natural	setting	but	is	not	part	of	the	situation.	Using	this	method	the	researcher	
can	 observe	 in	 disguise,	 hence	 avoiding	 the	 risk	 of	 disturbing	 the	 person	 or	 situation	 in	 its	 natural	
environment.	This	could	give	a	more	correct	view	on	the	situation.	Further	on	Ghauri	&	Gronhaug	(2005)	
divide	observations	into	human	or	mechanical.	A	mechanical	observation	method	can	also	be	described	
as	video	or	audio	recording.	Human	observations	are	made	by	a	person	using	his	or	her	eyes	and	hearing	
to	observe	a	situation	or	a	person.		

Since	a	qualitative	method	was	the	main	approach	 in	this	thesis	participant	observations	were	chosen;	
structured	 observations	 are	 therefore	 not	 further	 discussed.	 In	 this	 thesis	 observations	 enabled	 first	
hand	 understanding	 of	 the	 production	 process.	 Proper	 understanding	 of	 the	 production	 process	 was	
crucial	to	be	able	to	answer	question	two	and	three	stated	in	the	introduction.	Observations	were	made	
by	 humans	 and	were	mainly	 conducted	 as	 participant	 observation	 but	 they	were	 also	 combined	with	
non-participant	observation.		

Interview		
According	 to	 Ejvegård	 (2009)	 interview	 is	 a	 verbal	 communication	 between	 the	 interviewer	 and	 the	
respondent.	 Saunders	 et	 al.	 (2009)	 describe	 an	 interview	 as	 a	 purposeful	 discussion	 between	 two	 or	
more	people.	The	authors	state	that	there	exist	different	types	of	interviews	and	that	it	is	important	that	
the	nature	of	the	interview	is	consistent	with	the	research	purpose.	

Ejvegård	 (2009)	 and	 Saunders	 et	 al.	 (2009)	 explain	 three	 different	 types	 of	 interviews,	 categorized	 by	
type	of	question	used.	Questions	can	either	be	unstructured,	semi-structured	or	structured,	these	three	
categories	 are	 also	 confirmed	 by	 Ghauri	 &	 Gronhaug	 (2005).	 All	 three	 authors	 agree	 on	 the	
characteristics	 of	 the	 different	 interview	 categories.	 Unstructured	 interviews	 imply	 that	 questions	 are	
roughly	predetermined	or	not	predetermined	at	all.	This	allows	the	respondent	to	talk	freely	within	the	
subject	of	matter.	When	the	questions	are	predetermined	but	the	respondent	can	use	their	own	words	
and	 ways	 to	 answer	 is	 called	 semi-structured	 interviews.	 In	 a	 completely	 structured	 interview	 all	
questions	are	predetermined	and	the	respondent	does	not	have	any	room	to	give	their	own	view	outside	
these	questions.		

Ejvegård	(2009)	explains	that	responses	in	an	interview	can	be	both	open	and	closed,	open	meaning	that	
the	respondent	is	allowed	to	dictate	their	own	answers	and	closed	meaning	that	the	respondent	has	to	
choose	from	predetermined	answers.	Ejvegård	(2009)	argues	that	a	risk	with	interviews	is	that	they	are	
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time	consuming	both	in	the	empirical	phase	and	the	arrangement	phase.	It	is	therefore	recommended	to	
carefully	 formulate	 a	 strategy	 and	 plan	 for	 interviews.	 Another	 risk	 with	 interview	 as	 data	 collection	
method	 described	 by	 the	 authors	 is	 that	 the	 answers	 are	 subjective,	 meaning	 that	 a	 person	 being	
interviewed	is	telling	their	interpretation	or	thought	of	a	subject,	which	can	distinguish	from	the	reality.	
Ghauri	&	Gronhaug	(2005)	also	add	that	interviews	can	be	performed	in	different	ways,	either	in	person,	
by	telephone	or	by	email.		

To	be	 able	 to	 answer	 the	questions	 in	 this	 thesis	 as	well	 as	 possible,	 semi-structured	 interviews	were	
used.	According	to	Saunders	et	al.	(2009)	semi-structured	interviews	enable	a	qualitative	study	and	are	
suitable	for	an	exploratory	purpose.	In	semi-structured	interviews	predetermined	lists	of	questions	and	
themes	do	exist,	but	they	can	vary	between	interviews	(Saunders	et	al.,	(2009).	This	characteristic	was	a	
great	help	in	this	thesis	when	persons	from	different	functions	were	interviewed	and	different	views	on	
a	problem	were	to	be	identified.	The	objective	for	the	ten	interviews	that	was	performed	was	the	same,	
and	that	was	to	gain	understanding	of	that	part	of	the	organization	and	the	issues	related	to	quality	that	
they	possible	could	have.	The	objective	was	also	to	gain	understanding	of	what	part	of	the	organization	
that	directly	could	influence	product	quality.	All	the	ten	interviews	were	performed	separately	with	pre-
determined	subjects	and	partly	pre-determined	questions.	The	interviewer	took	notes,	these	were	later	
organized	and	sent	to	the	person	interviewed	for	fact	validation.	The	following	functions/positions	were	
interviewed;		

• Product	quality	manager		
• Production	manager	
• Quality	control	manager	–	raw	material		
• Quality	control	manager	–	finished	goods	
• Production	planner	
• Filling	and	packing	manager		
• Quality	supply	manager		
• Quality	assurance	managers		
• Global	quality	Manager		
• CAPA	Leader	(quality	assurance)		

2.5.2 Secondary	data		
Secondary	 data	 can	 be	 useful	 to	 find	 information	 to	 solve	 problems	 and	 questions	 within	 a	 research	
topic,	and	can	also	provide	deeper	understanding	and	explain	the	research	problem	(Ghauri	&	Gronhaug,	
2005).	Saunders	et	al.	(2009)	define	secondary	data	as	information	gathered	for	a	different	purpose.	It	is	
important	to	be	aware	of	this	fact,	since	information	can	be	exaggerated	or	biased	according	to	Ghauri	&	
Gronhaug	 (2005).	 Therefore	 secondary	 data	 needs	 to	 be	 carefully	 examined	 and	 the	 reliability	 of	 the	
information	should	be	reviewed	before	used.	The	first	and	foremost	advantage	of	secondary	data	is	the	
enormous	savings	of	 resources	and	time	during	collection.	Therefore	secondary	data	should	always	be	
considered	first	when	finding	information	in	helping	the	research	to	answer	questions,	prior	to	collecting	
primary	 data.	 Secondary	 data	 are	 divided	 into	 two	 major	 categories,	 internal	 sources	 and	 external	
sources.	 Internal	 sources	 are	 commonly	 used	 in	 business	 research	 involving	 sources	 such	 as	 invoices,	
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different	 reports,	 brochures	 and	 catalogues.	 External	 sources	 are	 structured	 into	 two	 sub-categories,	
published	 and	 commercial.	 Published	 sources	 involve	 books,	 articles	 and	 industry	 statistics	 and	
commercial	 sources	 involve	 for	 example	 panel	 research	 (Ghauri	 &	 Gronhaug,	 2005).	 Saunders	 et	 al.	
(2009)	divide	secondary	data	into	three	different	categories,	documentary,	multiple	sources,	and	survey.	
The	authors	point	out	that	secondary	data	can	be	used	for	both	qualitative	and	quantitative	methods.		

To	 be	 able	 to	 answer	 question	 two	 and	 three	 stated	 in	 the	 introduction	 internal	 sources	 such	 as	
company	 documents,	 reports	 and	 accounting	 system	 provided	 valuable	 information.	 Information	
collection	 through	 secondary	 data	was	 vital	 to	 create	 a	 theoretical	 framework.	When	 conducting	 the	
literature	 review	 books,	 articles	 and	 periodical	 journals	 were	 reviewed.	 Libraries	 were	 used	 to	 find	
appropriate	books	and	academic	databases	were	used	as	a	tool	to	find	relevant	and	trustworthy	articles	
and	 journals.	Web	 of	 Science,	 Emerald	 Insight	 and	Google	 Scholar	 are	 examples	 of	 generic	 databases	
used.	Examples	of	search	words	that	were	used	are	cost	of	quality,	hidden	costs,	quality	cost	model	and	
cost	 drivers,	 conformance	 and	 non-conformance,	 TQM	 and	 process	 management	 to	 name	 a	 few.	
Saunders	et	al.	(2009)	point	out	that	secondary	data	is	commonly	used	in	business	research	with	a	case	
study	strategy.		

2.6 Data	Analysis		
The	purpose	of	analysis	is	to	understand	and	gain	insight	from	the	collected	data	according	to	Ghauri	&	
Gronhaug	 (2005).	 Qualitative	 data	 derived	 from	 interviews,	 observations	 and	 documents	 need	 to	 be	
summarized,	categorized	and	restructured	before	 it	could	be	seen	as	useful	 information.	Myers	 (2008)	
confirms	these	claims	and	also	specifies	that	the	researcher	may	be	required	to	derive	various	functions,	
explore	 relationships	 between	 variables,	 and	 interpret	 findings	 according	 to	 research	 questions.	
Saunders	 et	 al.	 (2009)	 distinguish	 data	 analysis	 depending	 on	 if	 quantitative	 and	 qualitative	methods	
have	 been	 used	 in	 the	 research.	 Myers	 (2008)	 agrees	 with	 Saunders	 et	 al.	 (2009)	 that	 in	 qualitative	
research,	 data	 collection	 and	 analysis	 are	 often	 conducted	 simultaneously	 in	 an	 interactive	 way.	
Collected	data	are	analyzed,	 initiating	questions	which	are	basis	 for	 further	data	collection.	During	this	
process	 knowledge	 is	 gained	 and	 a	 deeper	 understanding	 is	 acquired,	 hence	 the	 problem	 becomes	
clearer	and	clearer	as	 time	passes.	There	exists	no	general	method	 for	how	qualitative	data	should	be	
analyzed,	but	the	following	two	steps	by	Ghauri	&	Gronhaug	(2005)	can	work	as	guidelines	 for	how	to	
perform	data	analysis.		

1. Data	 reduction	 refers	 to	 the	 process	 of	 selecting,	 focusing,	 simplifying	 and	 transforming	 data.	
This	 enables	 the	 researcher	 to	 develop	 categories,	 identify	 themes	 and	 patterns,	 which	
eventually	leads	to	better	understanding	of	the	problem	studied.		

2. Data	display	is	an	organized	and	compressed	summary	of	information	from	which	the	researcher	
can	draw	conclusions,	usually	it	is	presented	in	a	matrix	or	other	type	of	figure.		

Analyzing	a	case	study	commonly	involves	comparison	of	several	cases	against	each	other,	according	to	
Ghauri	 &	 Gronhaug	 (2005).	 Cases	 could	 be	 compared	 in	 different	 ways,	 the	 best	 against	 the	 worst,	
comparison	of	several	units	within	a	company	or	comparison	between	companies.	Yin	(2009)	points	out	
the	importance	of	having	a	clear	strategy	when	analyzing	a	case	study	and	knowledge	of	what	to	analyze	
and	why.	The	author	defines	five	different	analytic	techniques:	pattern	matching,	explanation	building,	
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time	 series	 analysis,	 logic	 models	 and	 cross-case	 analysis.	 A	 cross-case	 analysis	 is	 relevant	 when	 the	
research	 consists	of	more	 than	one	 case	where	each	 case	 should	be	 treated	as	a	 separate	 study.	 This	
method	allows	the	researcher	to	create	word	tables	that	describe	data	from	different	cases	(Yin,	2009).		

Analysis	of	 this	 thesis	was	built	on	comparison	between	a	case	 study	and	a	conceptual	model	derived	
from	the	theoretical	framework.	The	in-depth	case	study	could	also	be	described	as	empirical	findings	at	
GE	Healthcare.	 The	 conceptual	model	 answered	Q1,	 and	 provided	 theoretical	 and	 general	 knowledge	
within	CoQ	for	manufacturing	companies.	The	in-depth	case	study	or	empirical	finding	answered	Q2	and	
presented	 in-depth	knowledge	of	 the	production	process	and	described	 the	current	work	with	CoQ	at	
the	 time.	 Figure	 1	 illustrates	 this	 comparison	where	 data	 analysis	 could	 be	 described	 as	 gap	 analysis.	
Discrepancy	between	the	theoretical	 framework	and	empirical	 findings	were	 identified	and	structured,	
and	could	be	described	as	possible	improvement	areas	within	CoQ	for	GE	Healthcare	Life	Sciences.	Data	
reduction	 and	 data	 display	 as	 described	 by	Ghauri	 &	Gronhaug	 (2005)	was	 used	 to	 develop	 both	 the	
conceptual	model	and	the	empirical	findings	and	prepare	them	for	analysis.		

2.7 Credibility		
The	 importance	of	 a	 good	 research	design	 is	 about	 creating	 credibility	 for	 research	 findings,	were	 the	
questions	 correctly	 and	 fully	 answered?	 In	 reality	 one	 can	 never	 know	 if	 the	 result	 comes	 out	 as	 100	
percent	of	what	we	aimed	for.	However,	the	risk	to	get	a	wrong	answer	can	be	reduced	by	investing	time	
and	thoughts	into	the	design	of	the	research.	This	could	also	be	described	as	reliability	and	validity	of	the	
research	(Saunders	et	al.,	2009).	In	this	thesis	both	reliability	and	validity	were	considered,	especially	for	
data	collection	and	for	the	development	of	the	theoretical	framework.	The	following	sections	discuss	this	
further.		

2.7.1 Reliability	
According	to	Yin	(2009)	reliability	can	be	described	as	if	the	study	was	performed	again,	but	with	another	
researcher	the	outcome	would	be	the	same.	Ghauri	&	Gronhaug	(2005)	refer	reliability	to	the	stability	of	
the	measurements.	To	reach	reliability	 in	research	Saunders	et	al.	 (2009)	have	defined	three	questions	
that	should	be	considered;	will	 the	measurement	yield	the	same	result	on	other	occasions,	will	 similar	
findings	 be	 reached	 by	 other	 observers	 and	 is	 there	 transparency	 in	 how	 sense	 was	made	 from	 raw	
data?	 Lastly	 a	method	 called	 triangulation	 can	 be	 used	 to	 reach	 reliability.	 It	 refers	 to	 the	 process	 of	
using	 different	 data	 collection	 methods	 to	 gather	 the	 same	 kind	 of	 data,	 described	 by,	 for	 example,	
Björklund	&	Paulsson	(2003).		

To	strengthen	reliability	in	the	data	collection	of	this	thesis,	the	interview	object	read	the	transcript	and	
controlled	that	interpretations	were	correct.	A	risk	with	interviews	is	that	the	person	will	answer	biased	
since	he	or	she	knows	that	the	manager	will	read	the	answer.	To	be	able	to	attain	as	correct	and	honest	
information	as	possible,	the	person	being	interviewed	was	anonymous	and	only	named	with	title	in	the	
report.	 Triangulation	was	 also	used	 in	 this	 thesis,	 in	 the	 theoretical	 framework	by	describing	 a	 theory	
with	the	help	of	multiple	sources.	In	the	empirical	study	using	both	observations	and	interviews	for	data	
collection	were	methods	that	could	be	characterized	as	triangulation.	Also	the	interviewing	of	different	
persons	with	similar	positions	was	a	type	of	triangulation	used	to	reach	reliability.		
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2.7.2 Validity		
Validity	 is	 concerned	with	whether	 findings	 are	 really	 about	what	 they	 appear	 to	 be	 (Saunders	 et	 al.,	
2009).	 Ghauri	 &	 Gronhaug	 (2005)	 and	 Yin	 (2009)	 formulate	 validity	 as	 to	 which	 extent	 the	 research	
actually	 measures	 what	 it	 was	 intended	 to	 measure.	 Ejvegård	 (2009)	 adds	 that	 validity	 is	 about	 the	
importance	 to	understand	the	measurement	and	use	 it	with	consistency.	Saunders	et	al.	 (2009)	divide	
validity	 into	 external	 and	 internal,	 Ghauri	 &	 Gronhaug	 (2005)	 add	 a	 third	 category	 called	 construct	
validity.		

1. Construct	validity	–	can	be	defined	as	 the	extent	 to	which	an	operationalization	measures	the	
concept	which	it	purports	to	measure.	It	is	necessary	for	meaningful	and	interpretable	research	
findings.	

2. Internal	validity	–	refers	to	the	extent	to	which	we	can	assume	that	a	causal	relationship	exists	
between	multiple	variables.		

3. External	 validity	 –	 can	 be	 defined	 as	 the	 extent	 to	 which	 the	 findings	 can	 be	 generalized	 to	
particular	persons,	settings	and	times,	as	well	as	across	types	of	persons,	settings	and	times.	It	is	
used	for	generalization	of	people	votes	(Grønhaug	&	Ghauri,	2005).	

Since	case	study	was	chosen	as	strategy	the	focus	 lies	on	fulfilling	construct	validity.	To	strengthen	the	
construct	validity	a	method	for	data	collection	for	the	empirical	study	was	thoughtfully	designed.	Validity	
was	also	taken	into	consideration	partly	by	ensuring	that	results	were	within	the	thesis	area	defined	in	
the	introduction.	This	was	made	by	sample	selection,	choosing	convenience	and	purposive	sampling.	To	
reach	 internal	 validity	 clear	 questions	 were	 prepared	 prior	 to	 an	 interview,	 and	 also	 by	 allowing	 the	
interviewee	to	read	and	confirm	the	transcript	of	the	interview.	A	close	collaboration	with	the	tutor	at	
the	case	company	was	also	used	to	reach	validity.	He	was	updated	on	the	work	process	and	continually	
read	 the	 report.	 Triangulation	was	 applied	 to	 reach	 validity,	when	 the	empirical	 study	was	performed	
and	the	theoretical	framework	was	developed.		
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3 Theoretical	frame	of	reference	
According	 to	 the	 research	 strategy	 in	 Figure	1	 the	 theoretical	 framework	 should	 answer	question	one	
(Q1)	 and	 also	 be	 the	 basis	 for	 development	 of	 the	 conceptual	model.	 The	 theoretical	 framework	was	
formed	by	studying	literature,	published	information	and	knowledge	within	areas	applicable	for	Q1.	The	
core	 information	 of	 interest	 was	 to	 be	 found	 in	 literature	 within	 cost	 of	 quality	 (CoQ),	 but	 for	 that	
information	to	be	useful	it	needed	to	be	put	in	context.	Understanding	how	the	information	generated	
by	CoQ	methods	can	be	systematically	transformed	into	improvement	actions	for	a	company	is	therefore	
valuable.	 This	 led	 to	 review	 of	 literature	 within	 quality	 management	 and	 total	 quality	 management	
(TQM).	 A	 general	 classification	 of	 this	 thesis	 is	 business	 improvements	within	 process	manufacturing,	
therefore	also	literature	within	continuous	improvements	and	process	management	were	applicable	to	
study.	A	summary	of	the	literature	review	can	be	seen	in	Table	3.		

Table	3:	A	summary	of	the	theoretical	framework.	

Studied	areas	 	 Sub	areas	
3.1	Quality	&	quality	management	 Definition	

Quality	dimensions		
TQM		

3.2	Process	Management		 Continuous	improvements		
Manufacturing	

3.3	Cost	of	quality	 Definition		
Why	CoQ	should	be	implemented	
	

3.4	Identification	of	CoQ	 Definition		
Organizational	function		
Data	sources		

3.5	CoQ	models	 PAF,	Crosby,	Process	&	ABC	model		
Hidden	costs	
Model	development		

3.6	Classification	of	CoQ	 Case	studies		

3.7	Measure	CoQ	 Detailed	and	global	measurements		

3.8	Relationship	between	conformance,	
non-conformance	and	total	CoQ	

Traditional	view	–	optimal	quality	level		
TQM	approach		

	

3.1 Quality		
The	word	quality	origins	from	the	Latin	word	qualitas,	which	means	character.	According	to	Bergman	&	
Klefsjö	 (2007)	 the	 expression	was	 born	 already	 under	 the	 Roman	 Empire	where	 Cicero	 first	 used	 the	
word.	 The	 concept	 of	 quality	 is	 today	 wide	 spread	 but	 it	 is	 interpreted	 in	 many	 different	 ways	 and	
therefore	multiple	definitions	exist.	Mehra	&	Agrawal	(2003)	define	quality	as;	“What	is	dictated	by	the	
market	 dynamics	 and	 what	 is	 demanded	 by	 the	 ultimate	 costumer”.	 The	 international	 standard	
organization	 (ISO)	 defines	 quality	 as	 “degree	 to	 which	 a	 set	 of	 inherent	 characteristics	 fulfils	
requirements”	(International	Organization	for	Standardization,	2005).	“Conformance	to	requirements”	is	
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another	definition,	 formulated	by	Crosby	 (1979,	p.	17),	a	businessman	who	 is	well	known	for	his	work	
and	influences	in	quality	management.		

3.1.1 Quality	management	and	TQM	
Weckermann,	Akkasoglu	&	Werner	 (2015)	have	 studied	 the	evolution	of	quality	management	 from	 its	
start	with	narrow	 focus	on	 the	 final	product	 to	 today’s	holistic	 view	on	 the	organization	as	a	 complex	
system.	The	authors	have	 identified	 several	paradigm	shifts	 in	quality	management	based	on	how	 the	
view	of	quality	has	changed.	When	quality	was	first	 introduced	organizations	had	a	product-orientated	
view	focusing	on	quality	 inspections	on	final	products.	This	evolved	to	a	more	process-oriented	quality	
inspection,	and	in	turn	the	next	paradigm	developed	assurance	to	system-oriented	quality	management,	
which	 today	 commonly	 is	 referred	 to	 as	 total	 quality	management	 (TQM).	Weckermann	 et	 al.	 (2015)	
point	 out	 that	 TQM	 considers	 not	 only	 product	 or	 process	 quality,	 but	 it	 is	 a	 management	 tool	 that	
allows	organizations	 to	encapsulate	all	parts	of	an	organization	and	also	enables	organizations	 to	 take	
social	responsibility	and	work	towards	sustainability.	According	to	Vaxevandis	&	Petropoulos	(2008)	TQM	
focuses	on	process	 improvement	and	 the	elimination	of	 all	 forms	of	waste.	 They	 claim	 that	 a	 realistic	
estimation	of	quality	costs	is	an	essential	element	of	any	TQM	initiative.		

TQM	 is	also	 interpreted	by	Mehra	&	Agrawal	 (2003),	describing	 it	 as	a	process-oriented	philosophy	of	
enhancing	 customer	 satisfaction	 through	 the	 production	 of	 higher	 quality	 goods	 and	 services.	 Quality	
management	practices	of	the	past	are	regarded	as	“after	the	fact”	control	techniques	to	detect	defective	
items	 that	 require	 reworking.	 Hence,	 past	 practices	 focused	 on	 quality	 control	 rather	 than	 on	 quality	
management	 and	 were	 result-oriented	 compared	 to	 the	 current	 process-oriented	 philosophy.	 An	
integral	 part	 of	 a	 TQM	 system	 is	 continuous	 improvement	 through	 the	 philosophy	 of	 product	 and	
process	improvements,	as	a	never-ending	journey.		

3.1.2 Quality	Dimensions		
According	to	Sebastianelli	&	Tamimi	(2002)	a	traditional	way	of	defining	product	quality	is	by	dividing	it	
into	 five	 different	 dimensions:	 transcendent,	 product-based,	 user-based,	 manufacturing-based	 and	
value-based.	 Transcendent	 definition	 of	 quality	 is	 derived	 from	 philosophy	 and	 can	 be	 described	 as	
innate	excellence,	and	is	both	absolute	and	universally	recognizable.	The	product-based	approach	has	its	
roots	 in	 economics	 and	 is	 based	 on	 a	 measurable	 characteristic	 of	 the	 product	 rather	 than	 on	
preferences,	 which	 enables	 a	 more	 objective	 assessment	 of	 quality.	 The	 user-based	 approach	 is	 the	
extent	 to	which	a	product	or	 service	meets	 and/or	exceeds	 customers’	 expectations.	 This	definition	 is	
marketing-based	 and	 is	 similar	 to	 the	 definition	 by	 Bergman	 &	 Klefsjö	 (2007)	 on	 product	 quality	
products’	ability	to	meet	or	outmatch	customers’	needs	and	expectations.	According	to	Sebastianelli	&	
Tamimi	 (2002)	 the	 manufacturing	 dimension	 of	 quality	 has	 its	 roots	 in	 operations	 and	 production	
management.	 Quality	 is	 defined	 as	 conformance	 to	 specifications,	 where	 conformance	 relates	 to	 the	
degree	 to	which	a	product	meets	certain	design	standards.	The	 last	dimension,	value	based	approach,	
defines	 quality	 as	 performance	 at	 an	 acceptable	 price	 or	 conformance	 at	 an	 acceptable	 price.	 This	
approach	derives	from	economics	and	the	fact	that	consumers	often	consider	quality	in	relation	to	price.		
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3.2 Process	Manufacturing		
According	 to	 King	 (2009)	 manufacturing	 can	 be	 categorized	 into	 two	 different	 types,	 assembly	
manufacturing	 and	 process	 industry	 manufacturing.	 Fransoo	 &	 Rutten	 (1994)	 define	 process	
manufacturing	as	businesses	that	add	value	to	materials	by	mixing,	separating,	 forming	or	by	chemical	
reactions.	 Processes	may	be	either	 continuous	or	by	batch	 and	 generally	 require	 rigid	process	 control	
and	high	 capital	 investment.	 King	 (2009)	 describes	 a	 couple	 of	 distinguishing	 characteristics	 unique	 to	
process	 industry	 manufacturing	 and	 highlights	 the	 uniquely	 different	 material-flow	 patterns	 and	
dynamics	 found	 in	 process	 plants	 compared	 to	 assembly	 manufacturing.	 However	 Fransoo	 &	 Rutten	
(1994)	 point	 out	 that	 even	 if	 these	 characteristics	 can	 be	 found	 in	 process	 industries,	 they	 are	 not	
general,	in	a	sense	that	virtually	all	process	industries	are	characterized	by	these	issues.	

Capital	intensive	not	labor	intensive		
The	 process	 industry	 often	 uses	 big	 and	 expensive	 machines	 in	 their	 production	 and	 therefore	 the	
process	 industry	 tends	 to	 be	 capital	 intensive.	 Due	 to	 this,	 asset	 productivity	 is	 often	 prioritized	 over	
labor	productivity,	because	of	this	focus	lies	on	reducing	waste	in	asset	productivity	rather	than	reduce	
waste	in	labor.	Waste	and	its	root	cause	in	process	operations	can	be	identified	by	breakdown	of	factors	
that	detract	from	asset	productivity,	such	as	the	number	of	end	products	flowing	through	each	step,	and	
the	yield	and	reliability	components	of	overall	equipment	effectiveness.		

Processes	are	difficult	to	stop	and	restart	
Another	characteristic	is	that	processes	are	often	difficult	to	restart	and	stop,	which	make	them	both	
time-consuming	and	costly.	This	tends	to	drive	overproduction,	unnecessarily	large	inventories	and	make	
the	implementation	of	a	pull	production	system	difficult.		

Finished	product	inventory	versus	work	in	process		
In	the	process	industry	there	is	a	tendency	to	keep	things	moving	and,	as	a	result	many	of	the	bad	effects	
of	poor	flow	and	poor	scheduling	get	pushed	out	to	the	finished-product	warehouse.	If	the	flow	is	poor	it	
could	result	in	high	levels	of	work	in	process.		

Material	flow	patterns		
The	flow	pattern	for	process	manufacturing	is	probably	the	most	significant	characteristic	and	is	usually	
called	a	V-pattern.	It	is	called	a	V-pattern	because	the	production	starts	with	a	few	raw	materials,	which	
may	be	mixed,	reacted,	and	then	cast	or	extruded	as	fibers,	sheets	or	pellets	and	then	further	processed	
to	create	a	high	variety	of	different	end	products.		

3.2.1 Continuous	Improvements		
According	 to	 Singh	&	Singh	 (2015)	 continuous	 improvements	origin	 from	 the	management	philosophy	
Kaizen	developed	in	Japan.	It	can	be	interpreted	as	gradual	and	continuous	progress,	increase	of	value,	
intensification,	and	 improvement.	 Implementation	of	 the	continuous	 improvement	philosophy	 is	often	
related	 to	methods	 for	 organizational	 development,	 such	 as	 TQM,	 LEAN,	 just-in-time	 (JIT)	 production,	
employee	 involvement,	 customer	 service	 initiatives,	 and	 waste	 reduction	 campaigns.	 Continuous	
improvement	 strives	 to	 optimize	 production	 effectiveness	 by	 identifying	 and	 eliminating	 waste	 and	
production	 efficiency	 losses	 throughout	 the	 production	 system	 life	 cycle,	 through	 active	 team-based	
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participation	 of	 employees	 across	 all	 levels	 of	 the	 operational	 hierarchy.	 According	 to	 Singh	 &	 Singh	
(2015)	implementation	can	facilitate	achievements	in	various	organizational	functions:		

• Improving	productivity	and	quality	
• Ensuring	 appropriate	 manufacturing	 quality	 and	 production	 quantities	 in	 JIT	 manufacturing	

environment	
• Improving	organization’s	work	culture	and	mind-set	
• Achieving	enhanced	manufacturing	flexibility	objectives	

3.3 Cost	of	quality		
The	economical	view	on	product	quality	can	be	traced	back	to	the	early	1950’s	when	the	“cost	of	quality”	
concept	 was	 first	 introduced	 in	 Juran’s	 Quality	 control	 handbook	 (Vaxevandis	 &	 Petropoulos,	 2008).	
Joseph	 Juran	 defined	 CoQ	 as;	 “The	 sum	 of	 all	 costs	 that	 would	 disappear	 if	 there	 were	 no	 quality	
problems”	 (Juran,	 1989,	 p.50).	 Juran’s	 quite	 wide	 definition	 is	 one	 of	 the	 first:	 evolution	 in	 CoQ	 has	
resulted	in	several	other	definitions	of	CoQ.	Vaxevandis	&	Petropoulos	(2008)	express	CoQ	as	“the	sum	
of	conformance	and	non-conformance	costs”,	with	two	basic	components:		

• Cost	of	conformance	(CoC)	
• Cost	of	non-conformance	(ConC)		

Cheah	et	al.	(2011)	define	cost	of	conformance	as	the	cost	of	prevention	of	poor	quality	and	the	cost	of	
appraisal,	for	example	inspection	and	quality	appraisal.	Cost	of	non-conformance	is	referred	to	as	cost	of	
poor	 quality,	 and	 is	 made	 up	 of	 internal	 and	 external	 failure	 costs,	 for	 example	 scrap,	 rework	 and	
product	returns.	According	to	Crosby	(1979,	p.	11)	“Quality	is	free,	what	cost	money	are	the	actions	that	
involve	 not	 doing	 right	 the	 first	 time”.	 This	 approach	 refers	 non-conformance	 to	 failure	 of	 not	 doing	
things	 right	 the	 first	 time.	 A	 third	 definition	 of	 CoQ	 is	 the	 popular	 prevention-appraisal-failure	 (PAF)	
categorization	first	 formed	by	Feigenbaum	(1991)	and	described	by	Cheah	et	al.	 (2011).	PAF	 is	defined	
as:		

• Prevention	cost	is	the	expense	of	preventing	defects	and	non-conformities	from	occurring.		
• Appraisal	cost	is	the	cost	of	evaluating	product	quality	with	the	purpose	of	ensuring	that	quality	

products	and	services	meet	customer	requirements.		
• Failure	cost	is	the	cost	incurred	because	of	failure	to	meet	customer	requirements.	

According	 to	Cheah	et	 al.	 (2011)	 failure	 cost	 is	 further	 classified	 into	 internal	 failure	 cost	 and	external	
failure	cost.	 Internal	 failure	cost	 includes	 sub-standard	products	detected	within	 the	company	prior	 to	
delivery	 to	 customers,	 scrap,	 re-work,	 and	 spoilage.	 External	 failure	 cost	encompasses	 rejected	goods,	
recall	 costs,	warranty	 claims,	 concessions	 and	 customer	 complaints.	 It	 can	 be	 seen	 that	 both	 internal	
failure	 costs	 and	 external	 failure	 costs	 are	 engendered	 by	 the	 same	 causes,	 but	 are	 manifested	 in	
different	 forms.	 Cheah	 et	 al.	 (2011)	 also	 explain	 studies	within	 in	 CoQ	 that	 further	 expand	 the	 list	 of	
external	failure	costs.	For	example,	Dale	&	Plunkett	(1999)	 included	loss	of	sales	due	to	poor	quality	 in	
this	category	of	quality	costs.		
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The	 view	 and	 definition	 of	 CoQ	 reporting	 goes	 apart	 in	 the	 literature.	 Deming,	 Crosby,	 and	 Juran	 are	
three	 well-known	 authors	 in	 quality	management,	 each	 having	 a	 different	 attitude	 to	 CoQ	 reporting,	
summarized	 by	 Vaxevandis	 &	 Petropoulos	 (2008).	 Deming’s	 view	 is	 that	 cost	 analysis	 for	 quality	 is	 a	
misguided	waste	 of	 time	 and	measuring	 quality	 costs	 to	 seek	 optimum	 defect	 levels	 is	 evidence	 of	 a	
failure	 to	 understand	 the	 problem.	 Crosby	 claims	 that	 quality	 costs	 need	 to	 be	 measured,	 not	 for	
management	control,	but	for	the	development	of	“quality”	thinking	within	the	organization.	A	third	and	
more	popular	approach	is	that	of	Juran	who	advocates	the	measurement	of	costs	on	a	periodic	basis	as	a	
management	control	tool.		

3.3.1 Cost	of	quality	versus	Cost	of	poor	quality		
There	 is	 an	 ongoing	 discussion	 how	 to	 view	 and	 define	 quality	management	 or	 quality	 errors	 and	 its	
relative	costs.	Juran	who	first	defined	CoQ	later	changed	his	perception	on	cost	of	quality	in	his	second	
version	of	 the	Quality	Control	Handbook	 (1989)	 to	cost	of	poor	quality	 (CoPQ).	COPQ	 is	 the	sum	of	all	
costs	that	would	disappear	 if	 there	were	no	quality	problems.	Bergman	&	Klefsjö	(2007)	also	discusses	
CoQ	and	CoPQ	and	argue	that	CoQ	is	an	old	and	incorrect	perception,	since	it	indicates	that	quality	is	a	
cost.	According	to	Bergman	&	Klefsjö	(2007)	CoPQ	is	the	modern	and	more	correct	interpretation,	where	
the	definition	is	similar	to	Juran’s	from	1989	and	is	a	result	from	either	internal	or	external	failure	costs,	
hence	CoPQ	do	not	 include	 conformance	 costs.	 There	 seems	 to	be	an	 irregularity	 in	how	 to	 view	and	
define	 quality	 or	 quality	 errors	 and	 its	 related	 costs.	 CoQ	and	CoPQ	 is	 often	mixed	up	 and	defined	 in	
similar	or	different	ways,	in	this	thesis	it	was	chosen	to	use	CoQ	as	the	definition.	CoQ	was	chosen	since	
the	 many	 academic	 articles	 that	 has	 been	 considered	 often	 uses	 CoQ	 and	 also	 because	 it	 was	 the	
definition	used	at	the	case	company	GE	Healthcare	Life	Sciences.	

3.3.2 Implementing	a	COQ	model	and	reasons	for	why	doing	so		
Several	 studies	 mention	 advantages	 a	 company	 can	 acquire	 by	 implementing	 CoQ	 methods	 in	 their	
organization.	 Krishnan	 (2006)	 mentions	 a	 few	 advantages	 collected	 when	 asking	 controllers	 on	 125	
companies	with	an	existing	CoQ	model:		

• It	is	critical	in	profitability	assessment.	
• It	is	a	good	marketing	tool.	
• It	identifies	quality	problems.	
• It	can	evaluate	overall	production	costs.	
• It	can	be	used	in	long-term	forecasting.	
• It	is	an	element	of	productivity	improvement.	
• It	can	be	used	for	setting	prices.	
• It	can	be	used	in	monitoring	production	and	capacity.	

Garg	&	Chopra	(2012)	agree	that	an	 implementation	of	a	CoQ	model	can	generate	these	benefits.	The	
authors	explain	general	steps	for	how	an	organization	successfully	can	implement	CoQ,	see	Figure	4.	In	
the	first	phase	an	assessment	is	made	of	the	current	situation	in	the	company	and	the	cost	impact	on	the	
daily	business.	The	second	phase	includes	development	of	an	action	plan	for	lowering	total	CoQ,	a	critical	
factor	 here	 is	 to	 anchor	 the	 proposed	 plan	 to	 top	 management.	 Figure	 4	 further	 describes	 the	
relationship	between	a	successful	CoQ	implementation	and	an	increased	customer	satisfaction.		
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Vaxevandis	 &	 Petropoulos	 (2008)	 view	 on	 a	 CoQ	 system	 is	 that	 it	 can	 provide	 an	 overall	 index	 for	
managers	 to	 evaluate	 and	monitor	 the	 economics,	 effectiveness	 and	 efficiency	 of	 quality	 activities	 in	
their	organization.	Quality	costing	integrates	all	the	separate	quality	activities	into	a	TQM	system.	They	
also	claim	that	 it	 forces	 the	entire	organization	 to	examine	 the	performance	of	each	quality	activity	 in	
terms	of	costs.	Moreover,	quality	costing	can	be	used	as	a	starting	point	 in	setting	up	a	quality	system	
except	where	an	organization	already	has	one.	

According	to	Cheah	et	al.	(2011)	CoQ	is	particularly	relevant	when	cost	reduction	is	on	top	of	the	agenda	
of	a	company’s	competitive	strategy.	 In	order	to	increase	profits	organizations	are	beginning	to	reduce	
costs	 by	 downsizing	 their	 workforce,	 closing	 facilities	 and	 freezing	 new	 investments.	 However,	 cost	
cutting	 is	 a	 challenging	 exercise,	 and	 if	 executed	 hastily	 can	 adversely	 jeopardize	 firms’	 long-term	
sustainability.	 A	more	 appropriate	 and	 prudent	 solution	 to	 reduce	 costs	 and	 improve	 efficiency	 is	 the	
implementation	of	quality	 improvement	programs	such	as	a	CoQ	model.	Tracking	and	eliminating	CoQ	
may	be	a	more	superior	cost-reduction	program	than	other	seemingly	obvious	and	expedient	methods	
of	cost	cutting	exercises	(Cheah	et	al.,	2011).	Mehra	&	Agrawal	(2003)	point	out	that	CoQ	must	be	kept	
at	an	acceptable	level.	If	the	cost	is	too	high,	it	may	have	significant	implications	regarding	competitive	
pricing.		

Mehra	&	Agrawal	(2003)	argue	that	CoQ	models	themselves	do	not	improve	quality.	They	provide	input	
and	 feedback	 to	 quality	 systems	 which	 are	 implemented	 to	 enable	 quality	 improvements	 in	 an	
organization.	 The	 effectiveness	 of	 that	 model	 is	 directly	 linked	 to	 how	 well	 the	 quality	 management	
system	 uses	 the	 CoQ	 information	 in	 providing	 quality.	 So	 in	 the	 context	 of	 discussing	 CoQ	 in	 an	
organization	 and	 possibilities	 of	 improvements	 it	 is	 necessary	 to	 also	 consider	 the	maturity	 of	 overall	
quality	management	within	the	company.	
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Figure	 4:	 A	 figure	 presenting	 the	 different	 steps	 in	 CoQ	 implementation	 and	 the	 advantages	 of	 doing	 so.	 Source	 Garg	 &	
Chopra	(2012)	

3.4 Identification	of	costs	of	quality		
According	 to	 Schiffauerova	 &	 Thomson	 (2006)	 the	 identification	 itself	 is	 not	 straightforward	 because	
there	is	no	general	agreement	on	a	single	broad	definition	of	costs	of	quality.	However	it	is	now	widely	
accepted	 that	 quality	 costs	 are	 the	 costs	 incurred	 in	 the	 design,	 implementation,	 operation	 and	
maintenance	 of	 a	 quality	 management	 system,	 the	 cost	 of	 resources	 committed	 to	 continuous	
improvement,	the	costs	of	system,	product	and	service	failures,	and	all	other	necessary	costs	and	non-
value	added	activities	required	to	achieve	a	quality	product	or	service.	
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To	 be	 able	 to	 calculate	 CoQ,	 identification	 of	 the	 costs	 occurring	 in	 a	 company	 needs	 to	 be	 made.	
Vaxevanidis	 &	 Petropoulos	 (2008)	 refer	 to	 the	 American	 Society	 of	 Quality	 (ASQ)	 and	 their	
recommendation	that	costs	should	be	identified	under	the	categories	Prevention,	Appraisal,	internal	and	
external	 Failure	 costs.	 Vaxevanidis	 &	 Petropoulos	 (2008)	 also	 mention	 that	 benchmarking	 with	 other	
companies	 using	 CoQ	 can	 be	 used	 as	 a	 tool	 to	 identify	 costs.	 However	 the	 authors	 argue	 that	 cost	
identification	 should	 be	 tailored-made	 for	 each	 organization,	 since	 they	 are	 integrated	 in	 the	
organizational	structure	and	the	accounting	system.	Deciding	what	is	and	what	is	not	a	quality	cost	can	
be	a	time	consuming	and	difficult	activity	according	to	Pursglove	&	Dale	(1995).	Therefore	the	authors	
point	out	that	the	best	way	to	identify	CoQ	is	to	always	emanate	from	a	definition.		

Cheah	et	al.	(2011)	describe	that	collection	of	quality	costs	should	involve	organizational	functions	such	
as	accounting,	production	and	quality	assurance.	Pursglove	&	Dale	(1995)	discuss	three	main	sources	to	
collect	information	from,	these	can	be	seen	in	Table	4.		

Table	4:	A	table	presenting	sources	where	 information	relevant	to	 identifying	CoQ	can	be	found.	Source:	Pursglove	&	Dale	
(1995)	

Normal	accounting	data	
	

Data	specifically	calculated	for	
quality	costing	
	

Estimates	of	costs	

Cost	of	yield	losses	 Mix	variance	costs	 Management	of	redundant	stock	
usage	

Raw	material	cost	of	rejected	
batches	

Labour	and	overhead	costs	of	
rejected	batches	

Technical	Services	Department	
visits	to	customers	to	discuss	and	
analyse	quality	problems	

Cost	of	dumping	material	 Transport	costs	associated	with	
quality	problems	

Work	on	quality	problems	by	the	
research	laboratory	

Cost	of	raw	material	stock	
losses	

Cost	of	administration	of	complaints	 __	

Cost	of	settlements/credits	
	 __	 __	

Cost	of	writedowns	on	
finished	stock	values	 __	 __	

Cost	of	appraisal	and	
prevention	 __	 __	

	

3.5 Cost-of-Quality	Models		
According	 to	Schiffauerova	&	Thomson	 (2006)	 for	a	 company	 to	be	able	 to	 control	CoQ,	 they	need	 to	
adopt	a	framework	for	how	to	define,	classify	and	measure	these	costs.	Such	a	framework	can	also	be	
described	 as	 a	 CoQ	model.	 Over	 the	 years	multiple	models	 have	 been	 developed	 and	 the	 distinction	
between	 them	 can	 be	 found	 in	 how	 costs	 of	 quality	 are	 classified	 and	 measured.	 According	 to	
Vaxevandis	&	 Petropoulos	 (2008)	 five	models	 exist	 that	 are	most	 commonly	 used	 in	 companies:	 PAF,	
Crosby’s,	opportunity	cost	model,	process	cost	model,	and	ABC	model.		
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3.5.1 PAF	Model		
PAF	 stands	 for	Prevention,	Appraisal	 and	Failure,	which	are	 the	cost	 categories	defined	 for	 this	model	
and	are	derived	from	the	classification	by	Feigenbaum	(1991)	mentioned	in	section	3.4.	The	PAF	model	is	
built	on	 the	premises	 that	when	additional	 resources	are	 spent	on	prevention	and	appraisal	activities,	
quality	will	improve	with	a	result	of	decreasing	failure	costs.	The	objective	is	to	find	the	level	of	quality	
that	minimizes	total	CoQ.	Vaxevandis	&	Petropoulos	(2008)	claim	that	PAF	 is	the	most	frequently	used	
model	within	CoQ,	and	it	is	commonly	referred	to	as	the	classic	model.		

3.5.2 Crosby’s	Model		
Philip	Crosby	developed	 this	model	and	he	 interpreted	CoQ	as	 the	sum	of	price	of	conformance	 (PoC)	
and	price	of	non-conformance	(PoNC)	 (Crosby,	1979).	The	price	of	conformance	 is	 the	cost	 involved	 in	
making	certain	that	things	are	done	right	the	first	time,	which	includes	actual	prevention	and	appraisal	
costs.	 The	 price	 of	 non-conformance	 is	 the	 money	 wasted	 when	 work	 fails	 to	 conform	 to	 customer	
requirements,	 usually	 calculated	 by	 quantifying	 the	 cost	 of	 correcting,	 reworking	 or	 scrapping,	 which	
corresponds	to	actual	failure	costs.		

3.5.3 Process	Cost	Model		
Vaxevandis	 &	 Petropoulos	 (2008)	 describe	 the	 process	 cost	 model	 as	 a	 model	 focusing	 on	 the	
importance	of	process-cost	measurement	and	ownership.	Schiffauerova	&	Thomson	(2006)	add	that	the	
model	was	developed	by	Ross	 (1977)	and	 first	used	 for	quality	costing	by	Marsh	 (1989).	Vaxevandis	&	
Petropoulos	 (2008)	 continue	 to	 explain	 that	 the	 process	 cost	 is	 the	 total	 of	 the	 cost	 of	 conformance	
(CoC)	and	the	cost	of	non-conformance	(CoNC)	for	a	particular	process.	When	using	this	model	the	initial	
step	 is	to	 identify	all	 the	activities	and	parameters	within	the	process	to	be	monitored	by	flowcharting	
the	process.	The	flowcharted	activities	are	allocated	as	CoC	or	CoNC,	and	the	total	cost	of	quality	(CoC	
+CoNC)	at	each	stage	is	calculated	or	estimated.	Key	areas	for	process	 improvement	are	 identified	and	
improved	 by	 investing	 in	 prevention	 activities	 and	 process	 redesign	 to	 reduce	 the	 CoNC	 and	 the	
excessive	CoC	respectively.		

Cost	 of	 conformance	 -	 is	 the	 actual	 process	 cost	 of	 providing	 products	 or	 services	 to	 the	 required	
standards,	first	time	and	every	time,	by	a	given	specified	process.		

Cost	 of	 non-conformance	 -	 is	 the	 failure	 cost	 associated	 with	 a	 process	 not	 being	 operated	 to	 the	
required	standard.		

3.5.4 ABC	Model	
Cooper	&	Kaplan	(1988)	and	Vaxevandis	&	Petropoulos	(2008)	describe	the	ABC	model	as	activity-based	
costing	 (ABC)	 procedures	 incorporated	 as	 a	 complement	 to	 CoQ	 techniques.	 In	 activity-based	 costing,	
activities	 in	 an	 organization	 are	 identified	 and	 cost	 is	 then	 assigned	 to	 each	 activity.	When	 combined	
with	traditional	CoQ	models	it	enables	the	organization	to	include	overhead	costs,	otherwise	not	being	
taken	into	consideration.	ABC	uses	a	two-stage	procedure	to	achieve	the	accurate	costs	of	various	cost	
objects	 (such	 as	 departments,	 products,	 customers,	 and	 channels),	 tracing	 resource	 costs	 (including	
overhead	 costs)	 to	 activities,	 and	 then	 tracing	 the	 costs	of	 activities	 to	 cost	objects.	A	wide	 variety	of	
service	and	manufacturing	firms	have	found	that	simplified	activity-based	costing	concepts	can	be	used	
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to	 identify	 non-value-adding	 activities	 and	 quality	 improvement	 opportunities,	 without	 the	 time	 and	
expense	required	to	implement	a	full	ABC	system	(Cooper	&	Kaplan,	1988).	

Vaxevandis	 &	 Petropoulos	 (2008)	 present	 a	 comparison	 between	 the	 different	 models	 towards	 each	
other.	 The	 authors	 draw	 the	 conclusion	 that	 the	 nature	 of	 the	 models	 is	 either	 activity-	 or	 process-
oriented.	The	PAF	model	can	be	seen	as	activity-oriented,	and	the	ABC	model	is	activity-oriented	for	the	
cost	 assignment	 view	 and	process-oriented	 for	 the	 process	 view.	 It	 is	 self-explanatory	 from	 the	 name	
that	the	process	cost	approach	is	process-oriented.		

3.5.5 Hidden	costs	
Despite	its	popularity	the	PAF	model	has	received	criticisms	over	time,	some	of	the	drawbacks	that	have	
been	mentioned	are	pointed	out	by	Cheah	et	al.	(2011).	The	major	opinion	has	been	that	the	model	does	
not	adequately	evaluate	all	the	quality-related	activities,	especially	the	hidden	costs.	A	conclusion	of	this	
is	 that	 failure	 costs	are	under-estimated	or	never	actually	discovered.	Cheah	et	al.	 (2011)	explain	 that	
researchers	 have	 agreed	 that	 the	magnitude	 of	 costs	 not	measured	 is	 just	 too	 big	 to	 be	 ignored	 and	
some	are	even	arguing	that	they	are	as	high	as	three	times	the	traditional	costs.	A	case	study	performed	
at	a	company	with	the	purpose	to	identify	hidden	costs	could	show	that	these	were	substantially	higher	
than	traditional	costs	expressed	as	a	percentage	of	sales	revenue.		

According	 to	 Yang	 (2008)	 the	 term	 hidden	 cost	 is	 used	 to	 indicate	 failure	 costs	 that	 are	 inadequately	
recorded	 in	 company	 accounts	 and/or	 failure	 costs	 that	 are	 never	 actually	 discovered.	 Yang	 (2008)	
argues	 that	 in	 the	 past,	 companies	 have	made	 little	 effort	 to	 trace	 hidden	 costs	 or	 to	 find	 a	 way	 of	
measuring	the	components	of	such	costs.	The	main	reason	has	been	that	conventional	cost	accounting	
fails	to	provide	manufacturers	with	reliable	information	on	intangible	costs	of	this	type.	

To	concretize	hidden	costs	in	an	organization,	Yang	(2008)	proposes	that	they	should	be	divided	into	two	
categories.	The	first	referred	to	as	 ‘extra	resultant	costs’	consists	of	 items	caused	by	failures	or	errors;	
these	costs	can	be	traced	and	counted.	For	example,	when	an	error	has	occurred	on	an	assembly	 line,	
the	parts	used	in	this	operational	step	are	scrapped	and	the	operational	time	is	wasted.	These	costs	can	
be	 defined	 as	 internal	 failure	 costs,	 which	 is	 a	 category	 within	 in	 the	 PAF	 model.	 The	 second	 new	
proposed	category	is	estimated	hidden	costs,	and	includes	many	cost	items	that	are	difficult	to	analyze	
and	quantify,	for	example	lost	sales	as	a	result	of	poor	quality	in	the	past.	The	only	way	to	quantify	this	
cost	 is	 to	estimate	 it	on	the	basis	of	 information	regarding	 lost	orders	or	 lost	market	share.	Figure	5	 is	
presented	by	Yang	(2008)	and	describes	the	evolution	of	CoQ	model,	where	hidden	costs	are	first	being	
incorporated	and	further	defined	in	the	third	model	developed	by	Yang.		
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Figure	5:	Describing	the	evolution	from	the	traditional	PAF	model	to	a	new	model	including	hidden	costs.	Source:	Yang	(2008)	

3.5.6 Model	Development	
The	 evolution	 of	 the	 CoQ	 model	 has	 resulted	 in	 several	 proposals	 for	 improvement,	 either	 by	
incorporating	 new	 cost	 categories	 or	 by	 reclassifying	 existing	 ones.	 Common	 ground	 for	 all	 new	 and	
modified	models	 is	 that	 they	 propose	 a	 greater	 awareness	 of	 the	 impact	 of	 hidden	quality	 costs,	 and	
stress	 its	 relationship	 to	 the	 effectiveness	 of	 a	 company’s	 performance.	 Here	 are	 some	 of	 them	
described	by	Cheah	et	al.	(2011).	

Quality	design	and	inefficient	utilization	of	resources		
Two	additional	 cost	 categories	 to	 the	CoQ	model	were	developed	 by	Modarress	&	Ansari	 (1987).	 The	
concepts	of	 just-in-time	and	statistical	quality	control	were	 taken	 in	consideration	as	 factors	and	 tools	
that	 could	 have	 an	 impact	 on	 CoQ.	 The	 two	 new	 categories	 are	 CoQ	 design	 and	 cost	 of	 inefficient	
utilization	 of	 resources.	 CoQ	 design	 was	 argued	 to	 be	 a	 significant	 portion	 of	 total	 CoQ	 and	 it	 could	
possibly	be	decreased	with	the	help	of	statistical	quality	control.	 Inefficient	utilization	of	resources	can	
be	seen	as	a	CoQ.	Examples	of	such	costs	could	be	related	to	inventory,	set-up	time,	lot	size	and	material	
handling.	These	costs	could	be	decreased	with	help	on	methods	within	the	just-in-time	concept.		
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Operational	errors	and	estimated	hidden	costs		
Yang	 (2008)	 presents	 a	 second	 proposal	 of	 improvement	 through	 two	 new	 cost	 categories:	 extra	
resultant	costs	and	estimated	hidden	costs.	The	first	one	identifies	costs	as	a	result	of	operational	errors	
that	can	be	traced	and	counted.	The	second	one	regards	costs	that	are	hidden	since	they	are	difficult	to	
analyze	and	quantify.	An	example	of	such	a	cost	could	be	lost	sales	due	to	poor	product	quality.		

Opportunity	loss		
Sandoval-Chavez	&	Beruvides	(1998)	present	a	third	modified	CoQ	model.	It	includes	three	opportunity	
loss	components.	This	model	stresses	the	 importance	of	the	opportunity-loss	components	of	CoQ.	 It	 is	
argued	that	opportunity	factors	are	the	main	contributors	to	total	revenue	loss	and	the	main	factor	for	
profit	not	earned.	The	three	opportunity	loss	components	are;		

• Existing	production	capacity	is	under-utilized		
• Inadequate	material	handling		
• Poor	delivery	service		

3.6 Classification	of	Cost	of	Quality		
Classification	of	CoQ	goes	hand	 in	hand	with	the	type	of	model	 that	 is	used	to	manage	CoQ,	since	the	
model	provides	a	framework	for	how	to	 identify,	classify	and	measure	costs,	but	most	 importantly	the	
classification	 is	 dependent	on	 the	organization.	As	mentioned	 in	 section	3.4	 type	of	 costs	 vary	 greatly	
and	are	unique	for	each	organization.	Kim	&	Nakhai	(2008)	provide	a	general	classification	based	on	PAF	
in	Table	5.	

Table	5:	A	summary	of	common	CoQ	categories	with	the	PAF	classification	as	bases.	Source:	Kim	&	Nakhai	(2008).	

Prevention	cost	 Appraisal	cost		 Internal	failure	cost	 External	failure	cost	
Product	and	service	
design	and	redesign	

In-process	inspection	 Rework	 Litigation	and	liability		

Process	Design	 Final	inspection	 Equipment	repair	 Complaint	handling		
Preventive	maintenance	 Inspection	material	and	

services		
Process	downtime	 Returns		

Quality	training		 Quality	audit	 Re-inspection	of	
products	

Rework	on	returns,	Lost	
sales,	Penalties	and	
allowances		

	

3.6.1 Case	studies	of	CoQ	
This	 section	presents	 a	 few	 case	 studies	performed	at	 different	 companies	 in	different	 industries	 as	 a	
way	of	showing	how	classification	of	CoQ	can	be	made.	Worth	mentioning	 is	that	during	the	 literature	
reviewing	multiple	case	studies	within	several	different	industries	were	read.	However	none	of	them	was	
considering	the	chemical	process	manufacturing	industry.		

Continuous-process	manufacturing	of	wooden	products		
Cheah	et	al.	 (2011)	 investigated	 the	practical	 aspects	of	 implementing	quality	 costing	 in	a	 continuous-
process	manufacturing	company	with	particular	attention	to	the	hidden	component	of	costs	of	quality.	
Production-related	costs	were	analyzed	and	re-classified	into	normal	operating	costs	and	quality-related	
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costs.	The	following	cost	categories	are	a	result	from	an	analysis	from	past	production	records	as	well	as	
informal	 conversations	 with	 operators,	 which	 helped	 to	 reveal	 substantial	 hidden	 costs.	 Classification	
was	first	made	with	the	traditional	PAF	model.	When	hidden	costs	were	identified	they	were	related	to	
costs	caused	by	opportunity	 losses.	Table	6	gives	a	summary	of	the	findings,	showing	the	categories	of	
CoQ	as	a	percentage	of	sales	revenue,	and	as	a	percentage	of	the	total	CoQ	(TCoQ).	The	data	shows	that	
failure	costs	constitute	the	largest	TCoQ	component.	

Table	6:	Summary	of	hidden	CoQ	categories	identified	found	in	a	continuous-process	manufacturing		

Categories	 Visible	CoQ	 Invisible	CoQ	 Total	CoQ	 Percentage	of	sales	
revenue	

Prevention	 38,557	 ---	 38,557	 0,95	
Appraisal	 40,014	 ---	 40,014	 0,98	
Failure	 150,412	 8,262	 158,674	 3,91	
	 	 	 	 	
Opportunity	loss	 	 	 	 	
Under-utilization	 ---	 79,200	 79,200	 1,95	
Extra	set-up	cost	 ---	 13,800	 13,800	 0,34	
Double	cutting	 ---	 95,550	 95,550	 2,35	
Down	time	 ---	 9,625	 9,625	 0,24	
Excess	inventory	 ---	 16,122	 16,122	 0,40	
L/C	discrepancy		 ---	 3,850	 3,850	 0,09	
Lost	sales	&	
complaints	 ---	 130,050	 130,050	 3,20	

Total		 228,983	 356,459	 585,442	 14,42	
Percentage	of	
sales	revenue	

5,64	 8,78	 14,42	 	

	

The	result	shows	that	quality	costs	captured	in	the	traditional	accounting	system	amount	to	5.64	percent	
of	the	sales	revenue,	whereas	the	hidden	quality	costs	amount	to	8.78	percent	of	sales	revenue,	which	is	
1.6	times	higher	than	the	costs	based	on	the	conventional	PAF	model.	The	conclusion	of	the	case	study	
was	 that	several	of	 these	costs	could	be	decreased	by	better	production	planning.	For	example	set-up	
and	 change-over	 time	 could	 be	 reduced	 by	 improved	 production	 scheduling,	 inventory	 holding	 cost	
could	 be	 reduced	 by	 elimination	 of	 slow-moving	 product	 in	 future	 sales.	 Lastly	 increased	 sales	 could	
improve	production	utilization	ratio.		

A	case	study	at	a	company	in	the	textile	industry	
Garg	&	Chopra	(2012)	performed	a	case	study	at	a	company	in	the	textile	industry.	They	proposed	two	
models,	 one	 for	measuring/estimating	 CoQ	 and	 one	 for	 implementing	 a	 CoQ	 system.	 The	 case	 study	
resulted	 in	 a	 classification	 of	 costs	 using	 PAF.	 Four	 costs	 were	 identified	 as	 critical,	 since	 they	 had	
substantially	 higher	 costs	 than	 the	 others,	 these	 costs	 are	 summarized	 in	 Table	 7.	 Further	 analysis	
showed	that	within	this	group	of	critical	costs,	waste	was	the	major	contributor	to	the	total	CoQ	with	a	
much	higher	cost	than	the	critical	costs	other.		
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Table	7:	Summary	of	critical	costs	of	quality	identified	in	a	case	study	in	the	textile	industry	

Cost		 Cost	Category	
Waste	 Internal	Failure	Cost	
Expenses	in	process	inspection	 Appraisal	Cost	
Salaries		 Prevention	Cost		
Discount		 External	Failure	Cost		
	

Make	hidden	costs	more	visible,	new	classification	based	on	PAF		
Krishnan	 (2006)	 explored	 an	 appropriate	method	 for	 identifying	 and	measuring	 CoQ	 with	 a	 focus	 on	
hidden	failure	costs.	First	the	author	describes	a	traditional	classification	of	costs	with	help	of	PAF.	As	an	
aim	to	make	hidden	costs	more	visible	a	case	study	was	performed	and	a	new	classification	also	based	
on	PAF	was	developed.	Krishnan	 (2006)	presented	a	comparison	between	 the	 traditional	and	 the	new	
model	which	highlighted	the	importance	of	the	new	proposed	method.		

This	 new	 method	 clarifies	 that	 intangible	 benefits	 of	 quality	 management	 can	 be	 made	 tangible	 by	
measuring	 the	 right	 things	at	all	 times,	 in	particular	 the	measurement	cost	of	poor	quality.	The	model	
can	 be	 applied	 first	 in	 order	 to	 reduce	 the	 hidden	 errors	 and	 increase	 the	 accuracy	 of	 performance	
measures.	The	following	characteristics	specify	the	advantages	of	the	new	model;	

1. It	can	identify	whether	any	interruption	of	an	employee	during	work	hours	is	caused	by:	
o Poor	management	of	resources	(people,	equipment,	space)	
o Inadequate	infrastructure	
o Lack	of	knowledge	
o Lack	of	poor	working	environment.	

2. It	can	trigger	better	understanding	of	the	entire	process	or	even	the	system,	identifying	systemic	
problems	rather	than	blaming	employees.	

3. Continuous	improvement	is	encouraged.	
4. Costs	of	poor	quality	can	be	reduced.	
5. Various	‘‘hidden’’	related	problems	in	the	daily	job	of	an	employee	can	be	eliminated	since	data	

about	interruptions	and	wastage	are	based	on	their	time	sheets.	
6. It	can	further	improve	internal	and	external	customer	satisfaction.	

3.7 Measure	Cost	of	Quality		
According	 to	 Schiffauerova	 &	 Thomson	 (2006)	 measuring	 and	 reporting	 CoQ	 should	 be	 considered	 a	
critical	issue	for	any	manager	who	aims	to	achieve	competitiveness	in	today’s	markets.	When	measuring	
CoQ	it	is	important	to	understand	that	one	failure	event	can	bring	on	different	types	of	costs.	According	
to	Krishnan	(2006)	three	common	factors	when	measuring	CoQ	are	time	(people,	equipment	and	space),	
service	charges	and	materials.	From	these,	indicators	for	monitoring	CoQ	can	be	defined:	

• Indicator	due	to	time	waste	
• Indicator	due	to	unnecessary	service	charges		
• Indicator	due	to	material	waste		
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Vaxevanidis	&	Petropoulos	(2008)	explain	that	CoQ	measurement	systems	should	contain	good	feedback	
metrics	as	well	as	a	mixture	of	global	and	detailed	metrics.	Detailed	metrics	represent	the	elements	of	
CoQ	and	how	the	performance	of	these	elements	is	measured	and	global	quality	metrics	measure	global	
performance.	Some	examples	of	metrics	are	given	in	Table	8.	Return	on	quality	(RoQ)	is	defined	as	the	
increase	 in	profit	divided	by	 the	cost	of	 the	quality	 improvement	program,	and	 is	 the	most	 frequently	
mentioned	global	metric	in	the	context	of	CoQ	(Vaxevanidis	&	Petropoulos,	2008).	

Table	8:	A	summary	of	COQ	metrics	that	are	used	to	follow	costs	associated	with	quality.	Source:	Vaxevanidis	&	Petrpoulos,	
(2008).	

Detailed	Metrics	 Global	Metrics	
Cost	of	assets	and	materials		

RoQ=	increase	in	profit/	cost	of	quality	improvement	program	
Quality	rate	=	([input	–(quality	defects	+	startup	defects	+	

rework)]/input	
Process	quality	=	(available	time	–	rework	time)/available	time	

CoQ(f)	=	external	failure	costs/total	cost	of	quality	

Cost	of	preventive	labor	
Cost	of	appraisal	labor		
Cost	of	defects	per	100	pieces		
Cost	of	late	deliveries		
Percent	of	repeat	sales		
Time	between	service	calls	
Number	of	non-conforming	calls	
Number	of	complaints	received		
	

Total	CoQ	can	be	viewed	from	different	contexts	between	companies	and	can	therefore	be	expressed	in	
many	different	ways	and	vary	from	organization	to	organization.	According	to	studies	within	CoQ	these	
measures	 are	 most	 commonly	 expressed	 as	 a	 relationship	 to	 profit,	 turnover,	 sales	 revenue,	
manufacturing	cost	and	total	organizational	cost.		

Profit		
Cheah	et	al.	(2011);	Garg	&	Chopra	(2012)	measure	total	CoQ	as	a	percentage	of	company	profit.		

Sales	revenue		
Cheah	et	al.	(2011);	Garg	&	Chopra	(2012)	are	both	also	measuring	CoQ	a	percentage	of	sales	revenue.		

Manufacturing	cost		
In	order	to	relate	the	total	quality	cost	to	level	of	production	output,	total	quality	costs	as	a	percentage	
of	raw	material	usage	cost	is	measured	and	reported.	This	metrics	was	chosen	in	favor	of	others	because	
it	 keeps	 the	 measure	 in	 terms	 of	 money	 enabling	 easy	 calculation	 of	 the	 savings	 (Pursglove	 &	 Dale,	
1995).	Krishnan	(2006)	argue	that	CoQ	could	be	measured	as	a	percentage	of	organizations	total	cost.		

Turnover		
According	to	Krishnan	(2006)	CoQ	is	directly	linked	to	profitability	and	can	be	measured	as	percentage	of	
organization	turnover.		

3.8 Relationship	between	conformance,	non-conformance	and	total	quality	costs	
When	 analyzing	 the	 performance	 of	 the	 established	 CoQ	 program,	 companies’	 overall	 quality	
management	 system	 needs	 to	 be	 taken	 into	 consideration.	 As	 an	 organization’s	 quality	management	
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program	matures,	changes	should	occur	in	the	distribution	of	costs	across	the	four	categories	described	
by	the	PAF	model	according	to	Mehra	&	Agrawal	(2003).	Immature	programs	are	envisioned	as	spending	
relatively	more	on	appraisal	and	 failure	costs,	while	mature	programs	would	spend	 relatively	more	on	
prevention	costs.	The	evolution	of	quality	management	in	a	company	and	how	it	affects	cost	distribution	
is	described	by	Porter	&	Rayner	(1992).		

Traditional	view	–	optimal	quality	level		
The	 traditional	 view	 origins	 from	 the	 PAF	 model,	 as	 further	 investment	 is	 made	 in	 appraisal,	 the	
reductions	 in	 failure	costs	are	 likely	to	decrease.	 Inspection	and	other	appraisal	activities	can	never	be	
100%	successful.	Figure	6	shows	how	these	two	costs	relate	and	reflects	the	traditional	“quality	control”	
view	where	quality	depends	upon	inspection	and	rejection	of	nonconforming	products.	The	 illustration	
shows	 that	 for	 any	 given	 quality	 standard	 there	 is	 a	 trade-off	 between	 costs	 and	 product	 quality	 and	
there	 is	 an	 optimum	 point	 beyond	 which	 further	 expenditure	 on	 quality	 control	 produces	 less	 than	
proportionate	increases	in	profit.		

	

Figure	 6:	 Traditional	 view	 on	 trade-off	 between	 conformance	 and	 non-conformance	 and	 optimum	 quality	 point.	 Source:	
Porter	&	Rayner	(1992).	

The	TQM	approach		
When	quality	management	evolved	and	organizations	started	adopting	a	TQM	approach	the	view	of	the	
tradeoff	between	quality	and	costs	changed.	The	maturity	shift	is	described	by	Porter	&	Rayner	(1992).	
They	argue	that	it	is	better	to	prevent	the	failures	from	occurring	in	the	first	place.	Accordingly,	as	time	
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and	 effort	 is	 invested	 in	 failure-prevention	 activities,	 failure	 costs	 are	 reduced	 with	 no	 increase	 in	
appraisal	costs.	Thus	 investment	 in	engineering	reviews,	plant	capability	studies	and	employee	training	
can	lead	to	significant	reductions	in	quality	costs.	Figure	7	shows	how	prevention	reduces	failure	costs.	
However,	there	is	still	an	optimum	point	beyond	which	further	investment	in	prevention	is	unprofitable	
and	the	attainment	of	100%	quality	or	“zero	defects”	would	require	an	infinite	investment	in	prevention.	

	

Figure	7:	The	trade-off	between	conformance	and	non-conformance	with	influence	of	TQM.	Source:	Porter	&	Rayner	(1992).	

Porter	 &	 Rayner	 (1992)	 present	 Schneiderman’s	 argumentation	 that	 if	 enough	 effort	 is	 put	 into	
prevention,	no	defects	at	all	would	be	produced,	resulting	 in	zero	failure	costs	and	obviating	any	need	
for	appraisal.	In	these	circumstances,	the	only	optimum	point	is	“zero-defects”.	Schneiderman	describes	
the	 success	 of	 some	 Japanese	 organizations	 in	 reducing	 failure	 costs	 to	 very	 small	 proportions	 by	 the	
total	involvement	of	all	employees	in	quality	improvement	as	supporting	his	thesis.	In	Figure	8	Porter	&	
Rayner	(1992)	show	Schneiderman’s	concept	of	the	relationship	between	different	quality	costs.		
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Figure	 8:	 Relationship	 between	 conformance	 and	 non-conformance	 when	 the	 optimum	 is	 zero	 defects.	 Source:	 Porter	 &	
Rayner	(1992).	

3.9 Theoretical	Summary		
The	 implementation	 of	 a	 CoQ	 system	 has	 proven	 to	 facilitate	 business	 improvements	 such	 as	 cost	
reduction,	 profitability	 improvements,	 customer	 satisfaction	 and	 competitive	 pricing.	 A	 CoQ	 system	 is	
based	on	three	essential	phases;	identification,	classification	and	measuring	but	details	will	be	different	
from	 organization	 to	 organization.	 The	 design	 of	 the	 model	 depends	 on	 the	 maturity	 of	 the	 quality	
management	 program,	 manufacturing	 characteristics,	 accounting	 and	 other	 administration	 systems	
used.	Literature	mentions	that	organizations	often	fail	to	fully	identify	CoQ,	with	only	obvious	costs	being	
identified,	 such	as	 scrap	and	 rework.	However,	 studies	have	proven	 that	 several	other	 cost	 categories	
exist	 that	 highly	 affect	 CoQ	 and	 therefore	 are	 equally	 important	 to	 measure.	 Identifying	 CoQ	 is	
continuous	work,	different	 for	each	organization,	and	a	distinct	definition	of	CoQ	 is	 therefore	a	critical	
factor	to	succeed.	When	identifying	CoQ	functions	such	as	accounting,	production	and	quality	are	often	
relevant	and	give	appropriate	information.	Traditionally	the	majority	of	companies	use	the	PAF	model	to	
classify	 CoQ	but	 there	 are	 also	 other	models	 such	 as	 ABC,	 Crosby	 and	 process	model.	 The	 distinction	
between	them	can	be	described	as	either	an	activity	or	a	process-based	approach.	CoQ	is	measured	by	
time	and	material.	The	time	can	be	generated	either	as	salary	from	personal	and	from	equipment	with	
example	 as	 down	 time	 for	machines.	 Figure	 9	 summarizes	 detailed	 information	 for	 the	 identification,	
classification	and	measuring	phase	respectively	and	CoQ	model	implementation	benefits.		
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Identification	

Classification		

Measure		

CoQ	System	

CoQ	Definition		

	
Relevant	functions	
Accounting,	production	and	quality	

Hidden	costs		
• Quality	design	and	inefficient	utilization	of	

resources		
• Operational	errors	and	estimated	hidden	

costs	
• Opportunity	loss	
• Waste	
• Time	not	accounted	for	
	

PAF	

• Profitability	assessment.	
• Good	marketing	tool.	
• Identifies	quality	problems.	
• Evaluate	overall	production	costs.	
• Long	term	forecasting.	
• Increase	productivity.	

• Time	(people,	equipment,	space)	
• Material		
• Service	change		

ABC	 Crosby		 Process	
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process	Manufacturing	
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Figure	9:	Summary	of	theoretical	framework	
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4 Empirical	Findings		
Here	 empirical	 findings	 from	 the	 case	 study	 at	 GE	 Healthcare	 Life	 Sciences	 (HLS)	 are	 presented.	 The	
structure	of	the	section	resembles	the	shape	of	a	cone,	at	first	general	information	provides	the	context	
of	the	problem	area,	and	then	information	becomes	narrower,	more	specific	and	closer	related	to	Q2	and	
Q3	given	in	the	introduction.	

Initially	 delimitations	 and	 data	 collection	 strategy	 for	 the	 empirical	 findings	 are	 discussed.	 Then	 GE	
Healthcare	and	some	facts	about	the	company	is	described,	and	after	that	the	production	facility	where	
the	study	takes	place	is	presented,	the	Chemical	Production	in	Uppsala	(CPU).	Following	that	is	a	section	
describing	the	current	work	with	CoQ	at	CPU.	Lastly	 functions	and	the	material	 flow	of	 the	production	
line	 A	 is	 described	 and	 a	 deeper	 investigation	 of	 failures	 and	 errors	 occurring	 through	 this	 flow	 is	
presented.	The	structure	is	summarized	in	Table	9.		

Table	9:	Structure	of	empirical	findings	

Area	of	empirical	finding		 Sub-area	
4.1	Method	description		 Production	line	A	

Function	relevant	for	product	quality		
4.2	GE	Healthcare	Life	Sciences		 	 Organizational	presentation		

Background		
4.3	CPU		 Presentation	of	CPU		

CoQ	at	CPU	
4.4	Production	line	A		 Description	of	production		

CoQ	definition	and	measuring		
4.5	CoQ	measured	in	production	
line	A	

CoQ	emerged		
CoQ	measured		
Potential	CoQ		

4.6	Quality	deviations	 Deviation	management	system	
Pulse	meetings	

4.7	Functions	within/influencing	
the	production	line	A	

Filling	station	
Quality	control	
Production	planning		
Quality	assurance		
Supplier	quality		

	

4.1 Method	description	for	empirical	findings		
To	 be	 able	 to	 identify	 and	 measure	 conformance	 and	 non-conformance	 costs	 not	 yet	 identified,	
production	and	other	relevant	functions	were	scrutinized	and	described.	 In	that	way	was	 it	possible	to	
understand	where	product	quality	could	be	affected.	Time	and	resources	were	limited	in	this	thesis,	so	
identifying	possible	CoQ	for	CPU	as	a	whole	was	not	possible,	since	CPU	is	manufacturing	around	1400	
products.	Delimitation	towards	one	specific	production	line	was	made	and	Production	line	A	was	chosen	
as	the	most	applicable	for	the	case	study	because	it	has	potentially	the	highest	CoQ.	Also,	Production	line	
A	is	one	of	the	most	developed	regarding	machinery,	control	system	and	process	improvements,	making	
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it	 suitable	 to	 identify	different	QC	aspects	and	 to	 investigate	CoQ	 improvements.	Critical	 in	 identifying	
possible	CoQ	is	to	find	business	functions	where	these	costs	could	occur.	

The	scope	was	defined	as	identifying	CoQ	internally	at	Healthcare	Life	Sciences	(HLS)	from	quality	control	
on	 raw	material	 to	 finished	goods.	 For	 this	 reason,	organizational	 functions	dealing	with	work	 such	as	
customer	complaints	were	excluded,	a	decision	that	was	made	 in	consultancy	with	the	product	quality	
leader.	This	discussion	also	resulted	 in	a	decision	that	 the	overall	quality	management	system	used	by	
HLS	to	fulfill	ISO	9001	was	not	to	be	investigated	in	the	context	of	CoQ,	due	to	the	limitation	in	resources	
and	 time.	 The	 information	 presented	 in	 this	 chapter	 is	 collected	 through	 interviews	 with	 employees,	
studies	of	internal	documents	and	management	systems.	Tables	and	charts	presented	in	sections	4.5	and	
4.6	are	based	on	empirical	data	derived	 from	data	 systems	and	 interviews,	designed	 to	make	 the	 raw	
data	presentable	for	the	reader.	

4.2 GE	Healthcare	Life	Sciences		
The	Life	Sciences	business	within	GE	Healthcare	provides	solutions	that	help	researchers,	pharmaceutical	
companies,	 and	 clinicians	 to	 discover,	make	 and	 use	 new	medicines.	 HLS	 is	 divided	 into	 five	 business	
divisions	providing	different	types	of	products.	An	overview	of	these	can	be	seen	in	Figure	10.	HLS	 is	a	
global	 company	 with	 main	 production	 and	 support	 functions	 in	 Uppsala,	 Sweden,	 and	 with	
manufacturing	and	research	operations	in	Europe,	Asia	and	the	US.	The	company	gives	employment	to	
11	000	people	and	is	present	in	over	100	countries	(Healthcare,	2014).	

	

	

	

Figure	10:	A	figure	illustrating	the	five	business	divisions	within	GE	Healthcare	Life	Sciences,	and	CPUs	place	in	the	
organization.		

4.3 Chemical	Manufacturing	Uppsala	–	CPU		
The	work	for	this	thesis	was	performed	at	HLS	in	Uppsala,	Sweden.	The	chemical	production	in	Uppsala	
(CPU)	 is	 a	 major	 player	 in	 the	 production	 of	 chromatography	 resins	 and	 supplies	 customers	 with	
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different	chemicals	and	bioprocess	systems.	Out	of	all	business	divisions	within	HLS	CPU	is	 focusing	on	
Research	&	Applied	Markets	and	on	BioProcess.	Beyond	chemical	manufacturing	several	functions	such	
as	R&D,	marketing,	quality	and	distribution	are	present	at	the	site	in	Uppsala	(Healthcare,	2014).	

According	to	the	product	quality	manager	production	can	be	categorized	as	process	manufacturing	with	
a	diverged	flow,	meaning	that	few	raw	materials	create	multiple	end	products.	The	raw	material	is	cheap	
in	chemical	manufacturing	compared	to	other	manufacturing	such	as	automobile	or	computers,	but	a	lot	
of	value	is	added	during	the	process,	ending	up	with	very	expensive	products.	Due	to	the	relatively	cheap	
raw	 material	 and	 expensive	 sellable	 products	 the	 margins	 in	 this	 business	 is	 quite	 high.	 However,	
building	 a	 chemical	 manufacturing	 plant	 is	 a	 heavy	 investment	 due	 to	 expensive	 machinery,	 hence	
inefficient	use	of	these	machines	is	costly.		

4.3.1 Cost	of	Quality	at	CPU	
According	 to	 the	 product	 quality	 playbook	 CoQ	 is	 one	 method	 for	 HLS	 to	 evaluate	 product	 quality’s	
impact	 on	 the	 business.	 Poor	 quality	 negatively	 impacts	 the	 productivity	 on	 the	 site,	 in	 addition	 to	
customer	dissatisfaction.	According	to	a	global	product	quality	strategy	each	site	should	have	mechanism	
to	 identify	 the	CoQ	drivers,	measure	 the	 financial	 impact	and	 trend	 the	CoQ	on	a	monthly	basis.	As	a	
minimum,	each	site	should	measure	and	trend	the	top	three	CoQ	drivers,	also	referred	to	as	visible	CoQ	
drivers,	presented	in	Table	10.		

Table	10:	CoQ	drivers	that	at	least	should	be	followed	according	to	HLS	

CoQ	Driver		 Description		 Measure	method		
Scrap	 A	 product	 not	 within	 specification	 that	

is	 detected	 by	 quality	 control	 when	
production	is	finished.		

Material,	time,	
(standard	product	cost)		

Rework		 Discover	an	error	possible	to	fix		 Material,	time	(standard	
product	cost)	

Zero	Yield	(0-yield)		 Error	occurring	somewhere	during	
production	that	is	not	possible	to	solve		

Material,	time,	
(standard	product	cost)		

	

HLS	 has	 developed	 a	 policy	 including	 a	 product	 quality	 framework	 to	 continuously	 improve	 product	
quality	 in	all	aspects	of	 the	business.	The	framework	 is	used	at	each	site	to	self-evaluate	their	product	
quality	 effort	 and	 is	 built	 on	 a	 few	 factors	 significant	 for	 being	 able	 to	 develop	 and	maintain	 product	
quality.	CoQ	is	defined	as	a	sub-category	for	the	financial	impact	in	the	framework.	By	using	a	scale	from	
one	 to	 five	 each	 site	 can	 evaluate	 their	work,	where	one	on	 the	 scale	 implies	 that	 CoQ-system	 is	 not	
implemented	 at	 the	 site	 and	 five	 meaning	 that	 the	 site	 manages	 CoQ	 at	 a	 world-class	 level.	 The	
framework	 is	 built	 up	 by	 the	 areas	 supplier	 quality,	 financial	 impact,	 process	 control	 and	 customer	
quality,	 in	 turn	 they	are	divided	 into	different	 sub-categories.	 Table	11	 is	 an	extract	 from	 the	product	
quality	framework,	and	presents	a	detailed	plan	with	required	steps	to	take	to	go	from	implementation	
to	world-class	management	of	CoQ	according	to	HLS.		
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Table	11:	CoQ	as	financial	impact	on	product	quality	and	framework	to	manage	CoQ.	
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According	to	the	product	quality	manager	CPU	follows	and	measures	CoQ	and	has	reached	level	4	in	the	
product	quality	framework.	Total	CoQ	is	defined	as	the	sum	of	conformance	and	non-conformance	costs,	
where	several	costs	are	identified	for	both	categories	and	for	different	functions,	see	Table	12.	However	
the	only	costs	that	are	actually	measured	and	calculated	are	the	non-conformance	costs	scrap,	rework	
and	 0-yield.	 According	 to	 the	 quality	 product	 leader	 there	 are	 several	 reasons	 why	 just	 these	 are	
measured.	These	costs	are	easy	to	measure,	and	by	measuring	these	three	costs,	a	considerable	amount	
of	CoQ	has	been	identified	and	also	decreased.	Also	scrap,	rework	and	0-Yield	are	considered	to	be	most	
important	to	follow	and	decrease,	since	they	have	been	most	visible	as	issues	and	potential	CoQ	in	the	
business.		

Table	12:	CoQ	identified	at	CPU,	by	product	quality	management,	but	not	measured.	

Function	 Cost	of	quality		 Cost	Driver	
Supplier	 Conformance	costs	 Relevant	specification,	quality	agreement,	auditing	of	supplier	

Non-conformance	costs	 Delays,	rework,	investigation	time,	delivery	problems	
Production		 Conformance	costs	 Qualified	personal,	robust	manufacturing	methods,	calibrated	

equipment,	preventive	maintenance		
Non-conformance	costs	 Scrap,	rework,	investigation	time,	material	variance,	delivery	

issues	
Warehouse,	
transport		

Conformance	costs	 Auditing,	packaging	design,	transport	studies		
Non-conformance	costs	 Scrap	(material	overdue),	transport	damage	

	

Observation	 and	 internal	 documents	 show	 that	 total	 CoQ	 is	 followed	 and	 trended	 as	 a	 percentage	 of	
manufacturing	cost.	When	calculating	total	CoQ	standard	product	cost	(SPC)	is	used.	SPC	is	a	method	to	
estimate	 cost	 based	 on	 costs	 to	 produce	 a	 product,	 including	 raw	 material,	 labor,	 utilities	 and	
maintenance,	quality	assurance	and	depreciation	of	assets	used	 in	production.	SPC	 is	calculated	during	
the	second	half	of	every	year	and	is	then	fixed	for	the	upcoming	business	year	starting	first	January	each	
year.	HLS	and	CPU	are	developing	a	plan	for	reduction	of	total	CoQ.	To	be	able	to	present	such	a	plan	
knowledge	and	awareness	of	CoQ	needs	to	be	further	expanded	in	the	organization.		
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4.4 Production	line	A	
Production	line	A	is	manufacturing	large-scale	chromatography	products.	The	products	are	biochemical	
mixtures	 that	 are	 used	 in	 manufacturing	 of	 biological	 medical	 products	 by	 HLS	 customers.	 When	 a	
product	is	produced	in	production	line	A	it	is	initiated	by	receiving	a	basic	mixture	called	base	matrix	and	
the	 ingredients	 for	a	specific	product.	During	production	the	base	matrix	 is	mixed	with	the	 ingredients	
and	processed	in	different	ways.	A	number	of	different	products	can	be	generated	through	variation	of	
ingredients	and	manufacturing	methods,	resulting	in	different	structures	that	give	specific	attributes	and	
functions.	Equipment	such	as	pumps,	containers	and	stirring	devices	are	used	to	process,	transport	and	
contain	 the	 product	mixture	 during	 production.	 The	 finished	 product	 is	 stored	 in	 ethanol	 and	 water,	
where	the	water	and	ethanol	have	the	function	to	conserve	the	mixture.	Production	is	finished	and	the	
batch	continues	to	the	filling	and	packing	station	where	the	batch	is	packed	in	plastic	cans	or	bottles	of	
different	sizes.		

4.5 CoQ	measured	in	production	line	A	
According	 to	 the	 production	 manager	 and	 internal	 documents	 production	 line	 A	 measures	 three	
different	 types	 of	 costs	 that	 make	 up	 for	 the	 total	 CoQ,	 and	 define	 them	 according	 to	 how	 CPU	 is	
defining	 them,	 which	 can	 be	 seen	 in	 section	 4.2.1.These	 costs	 are	 all	 directly	 connected	 to	 product	
quality	and	is	all	measured	in	production	and	are	either	detected	in	production	or	at	quality	control	for	
the	end	product.	 Table	13	 summarizes	CoQ	actually	measured	and	describes	 the	major	 causes	 for	 the	
respective	 costs.	 Attempts	 have	 been	made	 to	measure	 time	 for	 failure	 analysis	 as	 a	 cost,	 but	 it	was	
never	successfully	implemented.	A	reason	was	that	it	is	hard	to	account	for	the	time	and	resources	used	
to	investigate	failures.		

According	to	the	production	manager	products	within	production	line	A	are	managed	in	batches.	This	is	a	
major	 factor	 influencing	CoQ	because	 if	 something	goes	wrong	 in	production,	 the	 risk	 is	high	 that	 the	
whole	batch	needs	to	be	scrapped,	resulting	in	very	high	costs.	The	production	flow	can	be	described	as	
divergent,	which	also	is	an	important	factor	related	to	CoQ.	Bad	raw	material	can	lead	to	high	CoQ	since	
one	batch	of	 raw	material	 can	generate	several	different	products	with	poor	quality.	According	 to	 the	
production	manager	CoQ	could	be	described	as	formulated	below;		

“The	 costs	 that	 arises	 when	 batches	 are	 scrapped,	 reworked	 or	 giving	 0-yield,	 and	 the	 cost	 of	 failure	
investigation”	–	Production	manager		
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Table	13:	A	table	summarizing	CoQ	actual	measured	by	production	line	A.	

Cost	of	quality		 Causes		 Measurement		 Comment	
1. Scrap	 Handling	errors	

Method	errors	–	special	
cause		

Time	&	material	 Scrap	has	decreased	substantially	
due	to	implementation	of	a	
production	control	system.		

2. Rework	 Equipment	error	–	special	
cause	is	a	major	reason	for	
bad	product	quality.	In	
these	cases	it	is	possible	to	
improve	quality	by	rework	
of	the	batch.	
	

Time	&	material	 Often	occurs	during	specific	time	
periods,	when	equipment	may	
not	have	been	overseen.		

3. 0-yield	 	 Time	&	material	 Not	so	commonly	occurring	in	
production	line	A.	Most	of	the	
quality	errors	are	detected	in	
quality	control	when	the	product	
is	finished.		

	

4.5.1 When	CoQ	emerge		
According	to	the	production	manager	there	are	two	ways	for	how	a	quality	deviation	can	lead	to	CoQ;	
through	 the	management	 system	 or	 in	 communication	 between	 production	 and	 finance.	When	 costs	
emerge	through	the	management	system	the	batch	is	tagged	with	a	specific	status	depending	on	what	
type	of	CoQ.	Before	a	batch	is	scrapped	it	will	receive	status	“reject”	and	if	the	batch	needs	rework	it	will	
receive	 status	 “reprocess”.	 In	 the	 case	 of	 0-yield	 the	 cost	 is	 registered	 in	 the	 system	 by	 showing	 the	
material	yield	as	zero.	The	second	way	to	report	CoQ	is	when	production	directly	communicates	to	the	
finance	function,	before	the	batch	is	flagged	as	CoQ	in	the	management	system.	This	is	happening	when	
production	realizes	that	a	failure	will	result	in	a	scrapped	batch	before	it	is	actually	scrapped	and	noted	
in	the	management	system.		

4.5.2 Measuring	CoQ	
The	internal	management	system	shows	that	the	total	CoQ	is	calculated	for	each	month,	and	presented	
in	monetary	units	as	well	as	a	percentage	of	the	total	produced	batch	value	that	specific	month.	Figure	
11	illustrates	how	CoQ	is	being	measured	and	how	the	costs	have	changed	over	time,	from	2010	to	2015.		
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Figure	11:	Three	graphs	showing	measures	and	distribution	of	CoQ	for	production	line	A.		

	

4.5.3 Potential	CoQ	identified	
Even	though	the	above	three	costs	are	the	ones	that	are	measured,	the	manager	for	production	line	A	
has	 identified	 several	 other	 activities	 and	 errors	 that	 are	 potential	 costs	 of	 quality.	 The	 two	 major	
potential	CoQ	are;		

• Cost	of	investigating	failure	events	
• Cost	of	volume	batch	variance	in	production		

Cost	of	investigating	failure	events	can	be	described	as	the	cost	of	time	used	to	investigate	failure	events	
in	production,	 in	other	words	 the	 time	 it	 takes	 for	a	certain	amount	of	people	 to	 investigate	how	and	
why	a	 failure	occurred	 in	production	and	also	 the	 time	 it	 takes	 to	make	sure	 it	will	not	happen	again.	
Today,	the	time	and	resources	allocated	to	the	failure	analysis	is	not	measured	at	all.		
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The	second	potential	CoQ	has	to	do	with	volume	variances	in	batches.	Products	are	measured	in	volume	
and	every	product	has	a	fixed	volume	going	in	to	production.	Variance	is	occurring	when	the	volume	of	
the	 end	 product	 is	 less	 than	 the	 initial	 volume.	 Volume	 variance	 due	 to	 reprocessing	 is	measured	 as	
rework	 and	 when	 the	 volume	 variance	 results	 in	 no	 batch	 volume	 at	 all	 it	 is	 measured	 as	 0-yield.	
However,	when	volume	variance	occurs	but	the	reason	is	unknown	it	is	not	measured	as	CoQ.	A	cost	will	
still	 be	 realized	 since	 there	 is	 a	negative	material	 variance;	however	 this	 cost	will	not	be	measured	as	
CoQ.	HLS	 is	currently	 in	discussions	to	start	measuring	negative	material	variances	over	ten	percent	as	
CoQ	in	the	future.		

The	variation	cost	for	a	batch	is	calculated	as	the	planned	cost	compared	to	the	actual	costs.	The	planned	
cost	 is	calculated	 for	each	product	and	 is	based	on	critical	parameters	 such	as	material,	operator	 time	
and	 machinery	 time.	 The	 actual	 cost	 is	 calculated	 for	 each	 specific	 batch	 and	 is	 updated	 every	 day.	
Variance	cost	for	a	batch	arises	when	the	actual	costs	are	higher	than	the	planned	costs	because	more	
material	or	time	is	needed	in	rework,	either	for	production	or	in	quality	control.	

4.6 Quality	deviations		
According	 to	 the	 CAPA	 leader,	 expert-user	 in	 DMS,	 deviations	 are	 associated	 to	 quality	 and	 occurring	
alongside	 production,	 starting	 at	 raw	 material	 control	 all	 the	 way	 to	 quality	 assurance	 where	 the	
products	 are	 released.	 These	 deviations	 are	 reported,	 communicated	 and	 solved	 throughout	 the	
different	 functions.	 Two	 tools	 are	 mainly	 used	 for	 this	 purpose;	 the	 first	 is	 a	 deviation	 management	
system	(DMS)	for	electronic	documentation	and	follow	up	and	the	second	is	standing	meetings,	personal	
interaction	with	more	focus	on	quality	issues	in	production.	As	already	established	scrap,	rework	and	0-
yield	 are	 the	 CoQ	 measured,	 and	 even	 though	 these	 costs	 are	 registered	 as	 deviations	 in	 DMS,	 a	
discrepancy	between	measured	and	reported	deviations	exist.	Far	from	all	quality	deviations	in	DMS	or	
from	the	pulse	meetings	are	calculated	as	CoQ.		

4.6.1 Deviation	management	system	(DMS)	
DMS	 is	 an	 IT-system	 used	 to	 track	 and	 follow	 up	 on	 quality	 deviations	 occurring	 for	 products	 or	 in	
associated	 processes.	 The	 system	 can	 be	 used	 by	 several	 different	 functions,	 but	 the	majority	 of	 the	
cases	started	 in	DMS	origins	from	deviations	 in	production	and	quality	control.	 In	DMS	it	 is	possible	to	
read	about	the	deviation,	the	cause	for	it	and	how	it	was	solved.	The	deviation	is	categorized	on	degree	
of	 impact	 it	 has	 on	 business,	 low,	 medium	 and	 high	 impact.	 Level	 of	 impact	 is	 based	 on	 degree	 of	
seriousness	and	frequency,	a	deviation	with	low	impact	can	be	solved	quickly	and	does	not	occur	often.	
A	medium	or	high	impact	implies	that	the	deviation	is	hard	to	identify	with	standard	routines,	resulting	
in	 more	 serious	 consequences	 and	 requires	 more	 resources,	 for	 example	 root-cause	 investigation.	 A	
deviation	with	higher	impact	can	also	happen	more	frequently.		

Chart	 1	 shows	 from	which	 functions	 deviations	 have	 been	 reported	 since	 2012.	 It	 is	 easy	 to	 see	 that	
quality	control	is	the	major	contributor	to	deviations.	Quality	control	reports	both	deviations	from	their	
own	 process	 but	 also	 quality	 deviations	 on	 products,	 even	 though	 the	 actual	 deviation	 may	 have	
occurred	in	production.	The	second	biggest	source	for	deviations	is	production,	and	lastly	a	small	amount	
of	 deviations	 derives	 from	 quality	 assurance,	 but	 their	 main	 purpose	 is	 instead	 to	 evaluate	 the	 DMS	
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cases	 from	other	parts	of	 the	business.	The	different	 types	of	deviations	are	described	 in	Table	14	 for	
manufacturing	and	quality	control	respectively.		

	

Chart	1:	A	chart	illustrating	where	deviations	have	occurred	in	the	manufacturing	process	since	2012.		

	

Table	14:	Deviation	types	in	manufacturing	and	quality	control.		

Function		 Deviation	type	
Manufacturing		 Equipment	error	–	special	cause	

Documentation	
Equipment	
Raw	Material		
Software	-	Automation	

Quality	control		 Documentation	
Laboratory	Equipment	
Laboratory	Investigation	
OOS	 Confirmed	 (out	 of	 specification	
confirmed	on	batch)	

	

Deviations	 reported	 in	DMS	do	not	 necessary	 need	 to	 result	 in	 CoQ.	Chart	 2	 shows	 that	 the	 result	 of	
deviations	 occurring	 from	 2012	 has	 been	 scrap,	 rework	 and	 accept-use	 as	 is.	 Scrap	 and	 rework	 are	
registered	as	CoQ,	while	N/A	are	those	deviation-cases	in	DMS	that	doesn’t	have	a	documented	action.	
The	 reason	 for	 this	 is	 that	most	 of	 these	 deviations	 are	 not	 directly	 connected	 to	 a	 batch,	 but	 rather	
deviations	 on	 process	 methods	 in	 quality	 control	 or	 production.	 This	 does	 not	 mean	 that	 these	
deviations	were	not	taken	care	of.	The	last	category	“accept	–	use	as	is”	represents	small	deviations	due	
to	 error	 in	 the	 production	method.	With	 this	 type	 of	 deviations	 an	 evaluation	 is	made	 by	 production	
together	with	 a	 representative	 from	R&D	 responsible	 for	 construction.	 Sometimes	 it	 is	 enough	with	 a	
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theoretical	 evaluation,	 but	 sometimes	 samples	 for	 analysis	 are	 needed.	 All	 extra	 time	 needed	 can	 be	
characterized	 as	 the	 investigation	 failure	 analysis	 described	 in	 4.5.3,	 and	 can	 be	 characterized	 as	
potential	CoQ.	The	data	from	DMS	show	that	the	impact	for	deviations	that	are	in	the	category	“accept-
use	as	is”	are	low	and	therefore	does	not	have	big	consequences	on	business.		

	

Chart	2:	Types	of	actions	that	have	been	used	for	deviations.		

Chart	3	presents	the	impact-level	distribution	for	deviations	having	occurred	since	2012.	This	data	from	
DMS	shows	that	the	major	part	of	the	deviations	is	of	the	minor	category,	only	39	deviations	have	been	
categorized	 as	 medium	 or	 higher	 in	 DMS.	 Regarding	 deviations	 with	 higher	 impact	 level,	 an	 equal	
amount	derives	from	quality	control	and	production.	The	implication	of	these	deviations	result	 in	extra	
work	and	rework	as	described	above,	this	can	therefore	be	classified	as	potential	CoQ.		

	

Chart	3:	Impact	distribution	for	deviations	occurred	since	2012,	divided	into	low	or	medium	impact.		
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When	only	viewing	the	deviations	with	medium	 impact	 level,	 is	 it	possible	 to	 further	understand	what	
they	 are	 caused	 by.	 Chart	 4	 is	 showing	 that	 deviations	 from	manufacturing	 are	 caused	 by	 Equipment	
error	 –	 special	 cause,	which	often	 results	 in	 rework	 in	production.	 For	deviations	 from	quality	 control	
two	 causes	 are	 possible,	 either	 laboratory	 investigation	 or	 out	 of	 specification	 confirmed	 (OOS	
confirmed).	 The	 last	 one	 occurs	when	 quality	 control	 detects	 that	 the	 product	 is	 in	 some	way	 out	 of	
specification,	 which	 most	 certainly	 will	 result	 in	 scrap,	 but	 sometimes	 rework	 is	 possible.	 Further	 on	
Chart	 4	 also	 points	 out	where	 in	 the	 production	 process	 the	most	 serious	 deviations	 occur	 and	what	
causes	them.	This	also	implies	where	the	highest	potential	CoQ	exists	and	therefore	gives	 indication	of	
what	costs	to	measure	in	the	future.		

	 	

Chart	4:	Describes	deviations	that	result	in	higher	impact	level,	divided	into	manufacturing	and	quality	control.		

	

4.6.2 Pulse	meetings		
According	 to	 observations	 pulse	 meetings	 are	 stand-up	 meetings	 that	 are	 held	 every	 morning	 with	
representatives	from	production	planning,	production,	filling,	quality	control	and	quality	assurance.	The	
purpose	 of	 these	 meetings	 is	 partly	 to	 inform	 about	 deviations	 that	 arise	 within	 a	 work	 week.	
Information	about	 the	deviation,	 its	causes,	consequences	and	delays	 in	 the	product	 flow	 is	discussed.	
Deviations	 are	 divided	 into	 different	 categories	 depending	 on	 type	 of	 deviations,	 the	 categories	 are:	
quality,	delivery,	environment	health	and	safety	(EHS),	and	maintenance.		

Compared	 to	DMS	the	pulse	meeting	 focuses	more	on	deviations	occurring	 in	 the	production	process.	
Chart	5	 is	a	summary	of	causes	of	quality	deviations	 (only	quality)	arisen	during	pulse	meetings	during	
2014	and	2015.	The	conclusion	can	be	made	that	human	errors,	equipment,	production	control	system	
and	product	recipe	are	the	major	causes	for	deviations	in	production.	It	is	also	possible	to	confirm	earlier	
statement	that	human	errors	have	decreased	due	to	implementation	of	a	production	control	system.		
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Chart	5:	Summary	of	quality	deviations	in	production.		

	

4.6.3 Preventive	actions		
According	 to	 the	production	manager	 several	different	prevention	actions	and	 investments	have	been	
implemented	in	production	with	the	objective	to	decrease	number	of	quality	deviations.		

Equipment	error	–	special	cause		
Equipment	error	–	special	cause	is	one	of	the	biggest	factors	behind	rework	according	to	DMS	data	and	
the	 production	manager.	 Actions	 have	 been	 taken	 to	 prevent	 these	 types	 of	 deviations	 to	 occur,	 and	
here	 some	examples	 that	has	proven	 to	give	good	 results.	Production	has	 invested	 in	new	equipment	
and	 established	 routines	 for	 preventive	 work	 with	 maintenance	 of	 equipment.	 Implementation	 of	 a	
production	control	system	substantially	improved	these	routines	since	it	allowed	the	work	to	be	a	more	
natural	 part	 of	 production.	 Education	 is	 the	 last	 preventive	 action	 taken	 to	 change	 and	 improve	 the	
culture.		

Production	control	system	
A	production	 control	 system	 is	 implemented	 in	 production	 as	 a	 support.	Deviations	 related	 to	 human	
errors	have	substantially	decreased	as	a	result	of	the	system.		

Trend	analysis	on	product	specification		
Products	specification	deviations	are	monitored	and	trend	analysis	is	made	to	enable	preventive	actions	
before	a	batch	exceeds	the	established	product	specifications.	Trend	analysis	is	made	on	a	weekly	basis	
and	is	performed	manually.	
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Raw	
material	

4.7 Functions	within	production	line	A	
In	this	section	the	activities	and	functions	from	raw	material	to	finished	good	is	presented,	with	focus	on	
production	 line	 A.	 The	 activities	 and	 frequent	 problems	 are	 described	 for	 each	 function.	 Figure	 12	
illustrates	the	process	flow	and	the	involved	functions.		

	

Figure	12:	Process	chart	describing	the	functions	involved	in	production	process	flow,	from	raw	material	to	finished	good.	

4.7.1 Filling,	packing	and	labeling		
According	 to	 interviews	 with	 the	 manager	 the	 filling	 station	 is	 responsible	 for	 filling,	 packaging	 and	
labeling	 for	 all	 of	 the	 production	 lines	 at	 CPU,	 and	 it	 is	 the	 next	 process	 step	 after	 production.	 The	
finished	 batch	 is	 homogenized	 and	 filled	 into	 containers	 of	 suitable	 size.	 The	 containers	 are	 sealed,	
labeled	and	transported	to	the	warehouse.	All	these	process	steps	are	performed	by	machines.	A	second	
function	of	the	filling	station	 is	to	extract	samples	for	further	analysis.	The	manager’s	 interpretation	of	
CoQ	was	formulated	as	below;		

“The	 extra	 costs	 that	 arise	 when	 failure	 is	 identified	 or	 mistakes	 are	 made”	 –	 Packaging	 and	 filling	
manager	

Problems	occurring	in	the	filling	station	
According	 to	 the	manager	 the	 following	 issues	 are	 occurring	when	 batches	 of	 products	 are	 filled	 and	
labeled.	

Equipment	error	–	special	cause	–	During	the	production	of	a	product	equipment	error	–	special	cause	
can	occur.	This	is	detected	in	the	quality	control	and	may	lead	to	rework	of	the	batch	in	the	production	
phase.	Rework	will	include	re-filling	and	packing	at	the	filling	station.	This	can	be	seen	as	a	reappearing	
errors	happening	from	time	to	time,	however	due	to	various	different	causes.		

Wrong	gel	concentration	–	Sometimes	the	packed	product	has	the	wrong	gel	concentration.	The	result	of	
this	is	that	the	customer	may	receive	an	incorrect	amount	of	product	(gel).	This	is	discovered	in	the	gel	
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volume	control	and	requires	rework	in	production	as	well	as	for	the	filling	station	since	they	have	to	refill	
the	batch	when	the	batch	has	been	reprocessed.		

Labeling	error	–	the	label	printing	process	can	cause	failures	and	print	wrong	information	on	a	label;	this	
is	caused	by	machinery	failure.	Another	error	is	that	the	labels	sometimes	fall	off	the	can	or	the	bottle,	
often	 due	 to	 how	 they	 are	 handled	 in	 transport	 or	 in	 the	 warehouse.	 If	 a	 bottle	 or	 a	 can	 in	 the	
warehouse	are	found	without	a	label	it	is	not	allowed	to	be	used	and	therefore	needs	to	be	scrapped.		

Machinery	error	–	The	settings	on	the	machines	can	sometimes	be	wrong	and	therefore	cause	waste	of	
material	when	 containers	 are	 over-filled	 or	 gel	 is	 placed	outside	 a	 container.	However	 the	 amount	 of	
material	waste	can	be	seen	as	very	small.	

4.7.2 Quality	Control		
According	to	the	production	manager	quality	control	is	a	centralized	unit	at	CPU	and	it	is	performing	raw-
material	 inspection,	 in-process	 inspection	 and	 finished	 good	 inspection.	 The	performed	 control	 differs	
from	 product	 to	 product,	 and	 the	 quality	 parameters	 that	 a	 product	 should	 be	 evaluated	 on	 are	
established	 in	the	product	development	phase,	and	they	are	usually	not	changed	after	that.	 In	general	
the	 control	 is	 regulated	 due	 to	 how	 the	 customer	 will	 use	 the	 product.	 For	 example	 capacity	 and	
efficiency	of	the	product	is	controlled,	so	that	they	correspond	to	agreements	with	the	customer.		

Quality	control	-	raw	material		
According	to	the	manager	of	quality	control	(QC)	the	purpose	of	the	unit	can	be	described	as	total	quality	
responsibility	 for	 all	 incoming	 raw	 material,	 before	 they	 are	 used	 in	 production.	 It	 is	 a	 centralized	
function	and	 it	 is	 therefore	 inspecting	material	 for	all	production	 lines.	The	work	also	 includes	helping	
production	 to	 investigate	 quality	 deviations	 that	 may	 have	 occurred	 due	 to	 the	 raw	 material.	 The	
function	also	works	proactively	by	collaboration	with	the	suppliers	with	the	objective	to	receive	the	right	
material	at	the	right	time.	QC	also	aims	to	improve	supplier	relations	by	educating	and	giving	insight	in	
HLS	needs	and	requirements.		

Incoming	 material	 is	 arriving	 to	 QC	 through	 the	 raw	 material	 warehouse.	 The	 warehouse	 is	 either	
sending	documentation	 that	 should	be	 inspected	or	material	 samples	 that	 should	be	 tested.	Plans	are	
made	 two	 times	 a	 day	 on	what	 analysis	 to	 perform	 and	work	 is	 distributed	with	 basis	 of	 information	
from	planning	documents.	When	planning	is	made	the	rule	first	in	first	out	is	applied,	except	for	specific	
prioritization	needed.	Generally	an	analysis	takes	two	to	six	hours	for	one	material.	It	is	an	independent	
work	performed	by	lab	specialists	in	a	laboratory	environment.	Specific	knowledge	is	required	to	be	able	
to	do	the	chemical	analysis.	This	knowledge	is	educated	internally	at	HLS.	Well	documented	and	detailed	
methods	are	used	 for	each	 specific	 analysis.	 Some	common	analyses	made	on	 raw	material	 are	 visual	
control	 (mostly	 on	 documentation),	 control	 of	 water	 content	 and	 identity	 control.	 Identity	 control	
includes	 inspecting	 that	 HLS	 has	 received	 the	 material	 they	 ordered,	 this	 is	 made	 by	 chemical	
recognition.	Specific	instruments	are	used	as	a	tool	in	the	analysis	process,	these	instruments	are	rarely	
causing	problem	but	it	is	however	important	that	they	are	calibrated	correctly.	The	result	of	the	analysis	
is	a	 certificate,	which	will	 follow	 the	end	product	when	 it	 is	delivered	 to	 the	customer.	 It	 is	extremely	
important	for	HLS	to	be	able	to	prove	to	the	customers	that	they	have	used	the	right	material	with	good	
quality.		



51	
	

After	analysis	and	inspection	is	made	a	second	operator	is	controlling	the	work	to	secure	that	methods	
have	been	followed	and	that	the	result	is	satisfying.	If	the	control	goes	well	a	third	operator	is	releasing	
the	raw	material.	The	release	is	made	in	a	management	system	and	means	that	the	material	can	be	seen	
and	allocated	by	production	planners	and	be	used	in	production.	When	the	quality	control	manager	was	
asked	to	described	his	or	her	interpretation	of	CoQ,	the	following	was	formulated:	

“The	required	cost	to	reach	a	certain	degree	of	quality”	–	Quality	control	manager		

Problems	occurring	for	raw	material	quality	control		
Problems	 or	 deviations	 occurring	 at	 the	 raw	 material	 quality	 control	 can	 be	 categorized	 into	 two	
different	 groups.	 The	 first	 is	 that	 something	 is	missing	when	 the	material	 is	 delivered	 to	CPU	and	 the	
second	 is	analysis	that	needs	to	be	remade.	 In	general,	problems	are	causing	extra	work	or	rework	for	
the	people	working	there.	All	of	the	deviations	are	reported	in	DMS,	and	in	almost	every	case	they	are	
classified	as	minor	implication,	meaning	that	the	quality	control	function	can	solve	the	problem	directly	
by	 themselves,	 and	 a	 root-cause	 investigation	 is	 therefore	 not	 necessary.	 HLS	 is	 dependent	 on	 the	
suppliers	 to	 provide	 material	 with	 good	 quality	 on	 the	 right	 time,	 supplier	 relationship	 is	 therefore	
crucial.		

Something	 is	 missing	 when	 raw	 material	 is	 delivered	 -	 The	 first	 problem	 group	 is	 that	 something	 is	
missing	when	the	material	is	received	by	HLS,	it	could	be	that	a	certificate	is	missing	or	is	delivered	late.	
This	 is	 the	 most	 common	 problem	 and	 can	 be	 described	 as	 chronical,	 meaning	 that	 the	 problem	 is	
repeating	 itself.	 This	 sort	 of	 problems	 requires	 time	 to	 investigate	 what	 went	 wrong	 and	 could	 also	
include	sending	documents	and	materials	back	and	forth	between	HLS	and	the	suppliers.		

Re-analysis	 -	Quality	on	 raw	material	 is	 very	 important	and	 therefore	 requirements	on	analysis	 results	
are	 very	 high.	 A	 result	 will	 not	 be	 approved	 if	 it	 is	 found	 to	 be	 outside	 very	 detailed	 and	 narrow	
specifications.	Since	these	analyses	are	made	by	people,	human	errors	are	inevitable	and	often	the	cause	
of	 analysis	 failure.	 Stress	 and	 too	 high	 of	 a	 workload	 are	 often	 reasons	 for	 why	 human	 errors	 are	
occurring.	The	instruments	can	sometimes	also	cause	analysis	failure,	often	due	to	incorrect	calibration.		

In-process	quality	control		
According	 to	 product	 quality	 manager	 in-process	 control	 analyses	 are	 sometimes	 performed	 during	
manufacturing	of	certain	products.	This	 is	done	to	ensure	that	quality	parameters	for	 intermediate	are	
within	qualification		

Finished-good	quality	control		
According	to	the	interview	with	the	quality	control	manager	the	purpose	with	the	finished-good	control	
is	 to	 secure	 that	 the	 produced	 product	 reaches	 the	 expected	 quality.	 Therefore	 analyses	 of	 batch	
samples	 are	 performed	 to	 confirm	 that	 the	 function	 specified	 by	 the	 customer	 is	 in	 place.	 Fifteen	
employees	are	working	full	time	with	controlling	the	finished	goods	at	HLS.		

The	 finished-good	 quality	 control	 starts	 at	 the	 filling	 station,	where	 a	 sample	 from	a	 product	 batch	 is	
extracted	 and	 sent	 for	 analysis.	 The	 production	 planning	 delivers	 a	 schedule	 on	 what	 products	 that	
should	be	analyzed.	At	an	internal	planning	meeting	called	QC	pulse	the	work	is	distributed	based	on	the	
schedule	from	production	planning	and	specific	prioritization	but	also	depending	on	the	experience	and	
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competence	that	is	available	in	the	unit.	A	finished	good	control	consists	of	an	analysis	package	including	
three	to	five	different	analyses;	depending	on	product	different	analysis	packets	are	used.	The	analysis	
process	 is	an	individual	work	that	requires	very	specific	experience	and	knowledge.	This	knowledge	for	
how	to	perform	analyzes	is	taught	internally	by	HLS.	The	operator	performing	the	analysis	by	thoroughly	
following	methods	 documented	 both	 on	 paper	 and	 in	management	 systems.	 Instruments	 are	 used	 to	
perform	the	analyses	and	for	the	result	it	is	critical	that	they	are	correctly	calibrated.	When	the	analyses	
are	finished	another	operator	control	them	to	secure	that	methods	are	followed	and	documentation	is	
made	correctly.	A	 result-report	 is	 formulated,	and	prior	 to	sending	 the	report	 to	 the	quality	assurance	
function	(QA)	a	final	inspection	of	the	analysis	and	all	included	documents	is	made	by	a	third	person.	If	
everything	looks	fine	the	result	report	is	sent	to	QA	electronically,	through	a	management	system.	Figure	
13	presents	an	overview	of	the	quality	control	process.		

	

	
Figure	13:	An	overview	of	the	quality	control	process	for	finished	goods.	

Problems	occurring	for	finished-good	quality	control		
According	to	the	manager	problems	that	occur	during	finished-good	control	are	tracked	in	DMS	and	can	
be	 categorized	 in	 the	 following	 groups;	 instruments,	 human	 errors,	 incorrectly	 labelled	 samples	 and	
handling	 errors.	 These	 are	main	 factors	 that	 can	 cause	 errors	 in	 the	 analyze	 or	 in	 the	 documentation	
process	which	can	lead	to	rework	or	waste	of	time.		

Instruments	–	The	instruments	are	a	vital	part	of	the	analysis	process	and	it	is	therefore	crucial	that	they	
work	as	they	should	and	that	they	are	correctly	calibrated.	Sometimes	the	instruments	break	which	will	
lead	 to	unwilling	 stops	 in	 the	process.	 This	problem	can	escalate	 if	 it	 is	hard	 to	get	hold	on	necessary	
spare	 parts	 to	 repair	 the	 instrument	 with.	 Sometimes	 the	 instrument	 will	 malfunction	 for	 unknown	
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reasons	and	give	unreasonable	results.	However,	an	operator	often	directly	discovers	this.	The	handling	
of	the	instruments	such	as	calibration	can	also	be	a	cause	for	errors	in	analysis.		

Human	errors	–	Human	errors	can	be	the	cause	for	multiple	different	errors,	and	often	derive	from	stress	
and	 a	 too	 high	 work	 load.	 Examples	may	 be	 that	 analysis	 methods	 are	 not	 being	 followed	 correctly,	
documentation	is	wrong	or	missed,	or	things	are	incorrectly	marked.	QC	has	identified	that	routines	are	
working	well	when	operators	are	not	 stressed,	but	when	 the	workload	 intensifies	 some	 routines	have	
proven	to	be	inadequate	and	not	clear	enough	and	mistakes	are	made.		

Samples	incorrectly	marked	from	production	–	Samples	that	are	received	from	the	filling	station	can	be	
incorrectly	marked.	This	can	lead	to	severe	implications,	but	is	not	very	common.		

Handling	errors	–	Handling	errors	are	occurring	relatively	often	and	may	therefore	be	seen	as	a	chronicle	
failure.	Handling	errors	can	be	caused	because	the	method	is	not	robust.	 It	 is	however	hard	to	change	
the	method	used,	since	the	method	is	not	only	accepted	by	HLS	but	also	by	their	customers.	A	change	in	
method	 therefore	 includes	 implications	 for	 the	 customers	 since	 they	 are	 approved	 with	 a	 specific	
method	by	the	public	medical	product	agency.		

4.7.3 Production	Planning	
According	 to	 the	 production	 planner	 the	 production	 planning	 unit	 receives	 information	 about	 sales	
orders	 from	 the	order	office,	 together	with	other	 information	 such	as	 forecasts	 and	 information	 from	
product	 management.	 The	 purpose	 of	 product	 planning	 is	 to	 transform	 this	 information	 into	 a	
production	plan.	The	plan	is	made	specifically	for	each	production	line	and	provides	all	relevant	functions	
(QC,	production,	 filling,	QA)	with	 information	on	what	product	batches	should	be	produced	and	when.	
The	production	plan	function	has	a	schedule	over	long	time,	but	provides	a	specific	and	official	schedule	
more	frequently.	The	objective	for	the	planning	 is	to	always	have	full	occupancy	 in	the	production	 line	
and	also	to	deliver	the	right	product	at	the	right	time.		

Problems	occurring	for	production	planning		
Production	 planning	 is	 affected	when	 problems	 are	 occurring	 in	 other	 functions	 in	 the	manufacturing	
flow.	 This	 may	 lead	 to	 extra	 work	 because	 the	 plan	 needs	 to	 be	 changed.	 Communication	 between	
different	functions	about	delays	is	made	without	the	planning	function	at	meetings	referred	to	as	pulse	
meetings.	 These	 meetings	 are	 occurring	 frequently	 to	 raise	 deviations	 that	 have	 happened	 within	 a	
week,	 functions	 that	participate	are	QC,	QA,	planning,	 filling	and	production.	However	 if	 a	major	 stop	
happens	 in	 production	which	will	 lead	 to	 severe	 delays	 the	 production	 planning	 needs	 to	 change	 the	
production	schedule,	hence	extra	work	will	be	reported.		

4.7.4 Quality	Assurance	–	Production	and	process	control	(PPC)		
According	to	quality	assurance	employees	the	production	and	process	control	is	a	unit	within	the	quality	
assurance	 (QA)	 function	 that	 is	 independently	 reviewing	 products,	 manufacturing	 methods	 and	
documents	 for	HLS.	 Several	 people	 are	working	 fulltime	with	 control	 of	 different	documentations	 and	
quality	management	systems.	Information	is	sent	to	the	PPC	unit	from	three	sources;	production,	quality	
control	and	the	product	filling	station.	Controls	are	performed	for	each	batch	and	can	first	be	 initiated	
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when	 all	 the	 required	 information	 from	 the	 different	 sources	 for	 a	 specific	 batch	 are	 received.	 PPC’s	
purpose	is	to	review	and	control	the	following;		

• Batch	records	and	other	production	documents		
• Quality	control	report	
• Validation	report		
• Deviations	cases	registered	in	DMS		

If	no	errors	or	ambiguities	are	to	be	found,	PPC	can	release	the	product	for	customer	delivery.	However	
if	failures	are	discovered	PPC	is	communicating	these	failures	to	the	applicable	function.		
	
Problems	occurring	for	PPC		
According	 to	 quality	 assurance	 employees	 the	 work	 of	 controlling	 documentation	 and	 systems	
sometimes	involves	rework	and	time	waste,	especially	when	failures	are	found	during	control.	

Batch	record	is	not	correct	or	complete	–	Documentation	in	the	batch	record	is	sometimes	unclear	or	not	
understandable	for	people	at	PPC,	or	important	information	may	be	left	out.	A	comment	written	in	the	
batch	control	can	raise	concern	for	PPC	since	they	have	a	hard	time	evaluating	the	degree	of	seriousness	
due	to	lack	of	 information.	For	example	a	comment	should	be	registered	as	a	deviation	in	DMS.	This	 is	
followed	by	 investigation	 for	QA	and	discussions	with	production,	which	can	 lead	to	one	or	 two	hours	
extra	work	per	investigation.	PPC	is	estimating	that	extra	work	with	batch	protocols	are	occurring	one	or	
two	 times	 a	 week.	 Another	 reason	 causing	 returns	 to	 production	 is	 when	 mandatory	 signatures	 are	
missing	in	the	batch	protocol.	

Quality	control	report	is	not	correct	or	complete	–	When	PPC	is	reviewing	these	reports	they	sometimes	
identify	that	results	are	incorrectly	inserted	in	the	report	or	that	errors	have	occurred	during	the	quality	
control	analyze.	When	this	happens	PPC	needs	to	send	back	the	report	to	quality	control	for	correction	
and	then	take	it	back	for	a	second	control.	This	process	involves	double	work	for	both	quality	control	and	
PPC	and	also	delays	in	the	release	of	the	product,	which	in	worst	case	can	risk	that	the	product	will	be	
late	to	the	customer.		

DMS	 cases	 are	 not	 correct	 or	 complete	 –	DMS	 is	 a	 management	 control	 system	 partly	 used	 to	 track	
deviations	occurring	in	the	material	flow.	According	to	PPC	the	majority	of	the	deviations	in	DMS	origins	
from	production	or	the	quality	controls	function.	In	production	causes	for	deviations	can	be	equipment,	
manufacturing	methods	not	followed,	poor	methods	or	handling	errors.	In	quality	control	regular	causes	
are	poor	methods	and	handling	errors.		

PPC	 is	 controlling	 cases	 in	DMS	 for	 each	 specific	 batch	where	deviations	have	occurred.	 PPC	estimate	
that	 20-30	percent	of	 all	 cases	 are	 sent	back	 to	 the	 responsible	 function,	which	 the	majority	of	 times	
involves	 quality	 control	 or	 production.	 This	 leads	 to	 extra	 work	 both	 for	 process	 engineers,	 quality	
control	 and	 PPC.	 Resources	 represented	 by	 at	 least	 one	 full-time	 employee	 are	 needed	 to	 control	
deviation	cases	in	DMS.	PPC	also	estimates	that	DMS	cases	need	to	be	investigated	two	to	three	times	a	
week.	PPC	controls	a	DMS	case	first	when	it	is	closed.	Therefore	another	issue	occurs	when	it	takes	time	
to	do	so.	Quality	control	has	to	close	their	cases	before	passing	on	the	batch	and	sending	their	report,	
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but	production	can	send	their	batch	protocol	regardless	if	any	case	in	DMS	is	closed	or	not.	This	causes	
delays	and	can	risk	the	scheduled	delivery	to	customer.		

4.7.5 Supplier	quality		
According	 to	 the	 supplier	 quality	manager	 the	 purpose	 of	 the	 function	 is	 to	 secure	 that	 suppliers	 are	
providing	raw	material	of	good	quality.	HLS	have	detailed	and	rigorous	requirements	on	the	raw	material	
used,	 and	 customers	 of	HLS	 require	 that	 they	 have	 insight	 in	 change	 occurring	 at	 their	 suppliers.	 HLS	
have	internal	requirements	on	keeping	warehouse	levels	 low	and	therefore	cannot	afford	raw	material	
with	 poor	 quality.	 Due	 to	 this	 supplier	 quality	 is	 an	 important	 function	 and	 a	 global	 function	 for	 the	
whole	HLS.	Activities	performed	at	supplier	quality	are;		

• Review	new	suppliers		
o Capacity		
o Quality	management	system		
o Develop	 and	 maintain	 quality	 contract,	 include	 clauses	 about	 change	 control	 and	

notification	about	changes	to	HLS	before	realized.		
• Supplier	audits		
• Monitoring	all	suppliers	on	basis	of	deviations	in	raw	material		

According	to	the	supplier	quality	manager	CoQ	was	defined	as	following;		

“The	cost	of	design	errors,	in	other	words	cost	of	doing	wrong	from	the	beginning”.	
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5 Analysis	
In	this	section	a	comparison	between	the	theoretical	framework	and	the	empirical	findings	is	presented.	
The	purpose	of	the	analysis	was	to	identify	gaps	between	the	theoretical	view	of	a	CoQ	system	and	the	
current	CoQ	system	at	HLS.	The	structure	of	the	analysis	 is	based	on	five	major	areas	of	a	CoQ	system:	
definition,	identification,	classification,	measuring	and	CoQ	model.		

5.1 CoQ	definition		
When	managing	a	CoQ	system	the	definition	is	crucial,	because	how	the	definition	is	formulated	reflects	
what	 is	 to	 be	 identified	 and	measured	 as	 costs	 of	 quality	 in	 a	 business.	 Through	 the	 product	 quality	
playbook	and	the	product	quality	framework	HLS	has	defined	CoQ	as	the	sum	of	conformance	and	non-
conformance	 costs,	 which	 is	 similar	 to	 the	 definition	 by	 Vaxevandis	 &	 Petrouplos	 (2008).	
However,	 analysis	 showed	 that	 the	 definition	 could	 be	 more	 detailed.	 Both	 conformance	 and	 non-
conformance	could	be	further	defined	into	sub-categories.	These	sub-categories	are	helpful	in	building	a	
CoQ	system	since	they	clarify	what	types	of	costs	than	can	be	measured.		

To	 be	 able	 to	 build	 an	 effective	 CoQ	 system	 it	 is	 also	 important	 that	 the	 CoQ	 definition	 is	 well	
communicated	 and	 understood	 throughout	 the	 organization.	 During	 the	 case	 study	 several	managers	
were	 asked	 to	 describe	 their	 interpretation	 of	 CoQ.	 The	 following	 citations	 are	 definitions	 of	 CoQ	
formulated	by	managers	of	different	functions,	critical	for	product	quality	at	HLS.		

“The	 extra	 costs	 that	 arise	 when	 failure	 is	 identified	 or	 mistakes	 are	 made”	 –	 Packaging	 and	 filling	
manager	

“The	 cost	 of	 design	 errors,	 in	 other	words	 cost	 of	 doing	wrong	 from	 the	 beginning”	 –	 Supplier	 quality	
manager	

“The	 costs	 that	 arise	 when	 batches	 are	 scrapped,	 reworked	 or	 0-yield,	 and	 the	 cost	 of	 failure	
investigation”	–	Production	manager		

“The	required	cost	to	reach	a	certain	degree	of	quality”	–	Quality	control	manager		

By	comparing	these	citations	it	could	be	seen	that	the	CoQ	definition	differs	in	the	organization.	When	
compared	 to	 the	 theoretical	 framework,	 CoQ	 was	 by	 some	 defined	 as	 conformance	 costs	 or	 more	
specifically	 internal	 failure	 costs,	 and	 by	 others	 formulated	 so	 that	 both	 conformance	 and	 non-
conformance	costs	was	encapsulated.	The	analysis	gave	an	indication	that	there	was	a	discrepancy	in	the	
CoQ	definition	between	HLS	and	the	theoretical	framework	and	also	internally	within	the	organization.	
The	 definition	 formulated	 by	 the	 product	 quality	 management	 team	 was	 not	 necessarily	 the	
interpretation	in	the	rest	of	the	organization.		

5.2 CoQ	measured		
The	 case	 study	 at	 production	 line	 A	 gave	 an	 understanding	 of	 how	 and	 where	 CoQ	 actually	 was	
measured.	Comparing	 these	 findings	 to	 the	 theoretical	 framework	showed	that	only	non-conformance	
costs	 were	 measured.	 Scrap,	 rework	 and	 0-yield	 were	 the	 CoQ	 components	 measured	 and	 could	 be	
described	 as	 internal	 failure	 costs	 that	 arise	 from	 failure	 occurring	 in	 production.	 Both	 HLS	 and	 the	
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theoretical	 framework	 define	 CoQ	 as	 the	 sum	 of	 conformance	 and	 non-conformance,	which	makes	 it	
clear	that	CPU	did	not	measure	all	possible	costs,	especially	not	conformance	costs.	In	the	light	of	hidden	
costs	scrap,	rework	and	0-yield	were	not	the	only	non-conformance	costs	possible	to	measure.	CoQ	can	
arise	and	be	measured	in	multiple	functions	throughout	the	organization.	Since	CPU	was	only	measuring	
costs	 in	production,	several	other	possible	costs	arising	in	other	functions	were	neglected.	Examples	of	
such	functions	were	quality	control,	quality	assurance	and	more	administrative	functions.		

The	methods	used	to	measure,	follow	and	calculate	costs	for	scrap,	rework	and	0-yield	was	in	line	with	
what	 was	 described	 in	 the	 theoretical	 framework	 and	 could	 therefore	 be	 seen	 as	 a	 good	 way	 of	
understanding	and	lowering	the	financial	implications	of	CoQ	on	the	business.		

5.2.1 Why	is	other	CoQ	not	measured		
According	 to	 the	 theoretical	 framework	 it	 is	 common	 for	 manufacturing	 companies	 to	 only	 measure	
scrap	 and	 rework	 similar	 to	 what	 the	 empirical	 findings	 show.	 Studies	 presented	 in	 the	 theoretical	
framework	 could	 show	 that	other	CoQ	exists	and	 is	possible	 to	 identify.	 The	analysis	 also	 stresses	 the	
importance	 of	 distinct	 and	 well	 considered	 definitions	 when	 identifying	 CoQ	 in	 an	 organization.	 The	
empirical	 findings	 showed	 that	 the	 view	 on	 CoQ	 differs	 in	 the	 organization	 and	 often	 only	 considers	
internal	 failure	 costs;	 hence	 this	 may	 be	 a	 reason	 for	 the	 limited	 measurements.	 According	 to	 the	
empirical	 findings	 scrap,	 rework	 and	 0-yield	 were	 identified	 as	 CoQ	 since	 they	 were	 quite	 easy	 to	
measure.	 Insight	 into	the	case	study	also	 indicated	that	some	activities	or	costs	were	not	measured	as	
CoQ	because	they	were	complicated	to	measure.	

5.3 Identification	of	additional	CoQ		
To	 be	 able	 to	 identify	 CoQ	 that	 is	 not	 yet	 measured	 in	 the	 business,	 applicable	 functions	 from	 raw	
material	to	finished	good	were	reviewed	from	a	product	quality	perspective.	The	 investigation	focused	
on	which	 of	 these	 functions	 that	 have	 influence	on	 the	 product	 quality,	 and	 if	 so,	 how	 that	 influence	
could	be	characterized.	Analysis	showed	that	some	functions	had	an	obvious	connection	to	quality	and	
CoQ.	Other	functions	were	also	mentioned	in	the	light	of	hidden	costs.	These	functions	did	not	have	as	
direct	a	connection	to	product	quality	but	nevertheless	had	activities	which	could	generate	CoQ.	Analysis	
showed	 that	 the	 following	 functions	 influenced	 product	 quality	 and	 contained	 activities	 that	 possibly	
could	raise	CoQ;	

• Quality	control	(raw	material,	in-process,	finished	goods)		
• Production	
• Filling	and	packing		
• Supplier	quality		
• Quality	assurance		

“The	sum	of	all	costs	that	would	disappear	if	there	were	no	quality	problems”	is	Joseph	Juran’s	definition	
of	CoQ,	as	stated	in	the	theoretical	framework.	By	applying	this	definition	on	the	actions	and	problems	of	
the	above	 functions	CoQ	components	are	possible	 to	 identify.	These	 functions	were	either	part	of	 the	
manufacturing	 of	 the	 product	 and	 in	 that	 case	 directly	 affected	 the	 product	 quality,	 or	 they	 were	
functions	 that	 had	 the	 purpose	 of	 ensuring	 that	 products	 meet	 customer	 requirements.	 Both	 the	
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resources	used	by	 these	 functions	and	 the	 failures	 that	may	occur	can	be	 identified	as	contributing	 to	
CoQ,	according	to	the	theoretical	framework.		

Analyzing	 the	 quality	 deviation	 data	 from	 the	 deviation	management	 system	 (DMS)	 is	 interesting	 in	 a	
CoQ	perspective.	Potential	CoQ	is	to	be	found	in	the	gap	between	quality	deviations	measured	as	CoQ	
and	 those	 deviations	 that	 are	 not.	 The	 data	 from	DMS	 presented	 four	 different	 actions	 to	 deviations	
occurred	 in	the	past;	Scrap,	Rework,	N/A,	and	Accept	–	use	as	 is.	The	first	 two,	scrap	and	rework,	was	
already	 measured	 as	 CoQ.	 N/A	 and	 accept-use	 as	 is	 was	 potential	 CoQ	 not	 measured,	 actions	 and	
resources	 to	 solve	 these	 deviations	 could	 most	 likely	 be	 described	 as	 failure	 investigation.	 Analysis	
showed	that	they	could	be	classified	as	internal	failure	cost.	Some	quality	deviations	were	more	severe,	
causing	higher	implications	and	therefore	also	had	a	higher	potential	CoQ.	The	three	types	of	deviations	
was;	1)	Equipment	error	–	special	cause	detected	in	manufacturing,	2)	laboratory	investigation	in	quality	
control,	3)	out	of	specification	detected	in	quality	control.	Of	these	three,	laboratory	investigations	were	
not	measured	as	CoQ.		

5.4 CoQ	classification		
A	good	way	 to	encapsulate	all	possible	CoQ	 in	a	business	 is	described	 in	 the	 theoretical	 framework	as	
formulating	 a	 CoQ	 definition	 and	 then	 classifying	 costs	 as	 conformance	 or	 non-conformance	with	 the	
help	of	the	PAF	model.	Analysis	showed	that	a	model	could	be	developed	as	seen	in	Figure	14,	and	be	
used	 as	 guidance	 for	 identification	 and	 classification	 of	 possible	 CoQ	 in	 the	 case	 study.	 Focus	 lay	 on	
finding	 gaps	 between	 the	 theoretical	 framework	 and	 empirical	 findings	 for	 each	 relevant	 business	
function.	Only	potential	CoQ	not	yet	measured	was	considered	in	this	section.		

	

	

Figure	14:	CoQ	model	based	on	theoretical	interpretation,	used	to	identify	CoQ	in	comparison	with	empirical	findings.	

Production	planning		
In	 comparison	 between	 empirical	 findings	 and	 the	 theoretical	 framework	 no	 additional	 CoQ	 was	
identified	for	the	production	planning	function.	

Quality	control	–	raw	material	
According	to	the	theoretical	 framework	quality	control	on	raw	material	does	classify	as	a	conformance	
cost	 or	 more	 specifically	 as	 an	 appraisal	 cost	 within	 CoQ.	 Activities	 like	 inspection,	 maintenance	 and	

Conformance	costs	

Prevention		

Total	cost	of	quality	

Non-	Conformance	costs	

Appraisal		 Internal	Failure		 External	Failure		
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calibration	of	instruments	are	typical	appraisal	costs.	The	findings	of	the	case	study	showed	that	quality	
control	was	critical	 for	HLS	to	be	able	 to	sell	products	 in	 the	chemical	 industry.	Therefore	all	 incoming	
raw	material	was	 controlled	 and	 certified,	 often	 including	 chemical	 analyses	 performed	 by	 operators,	
using	instruments.	Hence	the	function	quality	control	on	raw	material	could	be	categorized	as	appraisal	
cost	not	measured.	Failures	that	occur	during	quality	control	could	be	classified	as	internal	failure	costs.	
The	empirical	findings	highlighted	failures	in	quality	control	that	was	resulting	in	rework	(re-analysis)	or	
failure	 investigation,	which	both	could	be	described	as	 internal	failure	costs.	Table	15	summarizes	CoQ	
identified	but	not	measured.		

Table	15:	Identified	CoQ	in	quality	control	for	raw	material.	

Cost	category		 Sub-category		 Activity		
Conformance	 Appraisal	costs		 Wages	for	employees	performing	quality	control	on	

raw	material	
Prevention	costs		 Quality	training		

Non-conformance		 Internal	failure	costs		 Rework	(re-analysis)		
Failure	investigation	

	

Production	
HLS	 identified	 and	 followed	 quality	 deviations	 that	 could	 be	 classified	 as	 CoQ	 not	 measured.	 These	
deviations	were	mostly	due	to	errors	in	the	production	method.	Before	these	batches	could	be	accepted	
a	 theoretical	 or	 operational	 evaluation	was	needed.	 This	 evaluation	 could	 also	be	described	 as	 failure	
investigation	 and	 with	 reference	 to	 the	 theoretical	 framework	 it	 could	 be	 characterized	 as	 internal	
failure	 costs.	 The	 empirical	 findings	 presented	 several	 other	 events	 resulting	 in	 failure	 investigation,	
which	 also	 contributed	 to	 internal	 failure	 costs	 not	 measured.	 Volume	 variance	 is	 another	 CoQ	
component	in	production,	an	error	occurring	due	to	unknown	failures	and	it	was	therefore	classified	as	
an	internal	failure	costs.		

The	 production	 function	 performed	 both	 preventive	 actions	 against	 quality	 deviations	 as	 well	 as	
investments	to	prevent	quality	deviations.	According	to	the	analysis	these	actions	and	investments	could	
be	described	as	conformance	costs	or	in	more	detail	preventions	costs	not	measured.	Both	conformance	
and	non-conformance	costs	identified	but	not	measured,	are	summarized	in	Table	16.		

Table	16:	Identified	CoQ	for	the	production	function.	

Cost	category		 Sub-category		 Activity		

Conformance	

Appraisal	costs	 	

Prevention	costs	

Trend	analysis	on	product	specification		
Production	control	system	
Investments	in	pipes	and	pumps	
Training	on	Equipment	error	–	special	cause		

Non-conformance	 Internal	failure	costs	 Volume	variance	
Failure	investigation		
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Filling	&	packing		
The	empirical	findings	showed	that	rework	in	terms	of	re-filling	of	a	batch	can	occur.	Re-filling	is	required	
when	quality	control	detects	failure	due	to	Equipment	error	–	special	cause,	or	due	to	method	errors.	In	
line	with	the	reasoning	in	the	theoretical	framework	re-filling	could	be	described	as	internal	failure	costs	
not	measured.	The	environmental	control	made	in	the	filling	and	packing	room	was	a	preventive	action	
made	to	secure	that	a	required	hygiene	level	was	maintained.	According	to	the	analysis	these	activities	
could	be	described	as	conformance	costs	or	more	specifically	preventive	costs	not	measured.	When	the	
environment	where	 the	 products	 are	 filled	 and	 packed	 is	 not	 clean	 enough	 it	may	 affect	 the	 product	
quality	negatively.	The	empirical	 findings	also	describe	that	all	containers	are	 filled	with	more	gel	 than	
necessary,	 to	 secure	 that	 the	 customer	 will	 receive	 enough	 volume	 of	 the	 product.	 This	 could	 be	
identified	 as	 a	 conformance	 cost,	 or	 in	more	 detail	 a	 prevention	 cost	 not	measured	 according	 to	 the	
analysis.	Identified	CoQ	is	summarized	in	Table	17.		

Table	17:	Identified	CoQ	for	filling,	packaging	&	labeling	station.	

Cost	category		 Sub-category		 Activity		

Conformance	 Prevention	 Environmental	control	of	filling	room		
Volume	variance	

Non-conformance		 Internal	failure	costs		 Re-filling	(rework)	
	
Quality	control	–	in-process	&	finished	goods		
According	to	the	analysis,	the	business	functions	quality	control	in-process	and	of	finished	goods,	could	
be	classified	as	an	appraisal	cost	within	CoQ.	The	case	study	showed	that	HLS	had	well-developed	quality	
control	 for	 in-process	 and	 especially	 for	 finished	 goods.	 The	 function	 had	 an	 essential	 role	 in	 the	
production	 process,	 since	 quality	 control	 was	 required	 to	 be	 able	 to	 sell	 products	 in	 the	 chemical	
industry.	Similar	to	raw	material	control	it	did	involve	chemical	analysis,	performed	by	operators	with	the	
help	of	different	instruments.	Analysis	showed	that	quality	control	for	in-process	and	for	finished	goods	
is	an	appraisal	cost	not	measured.		

The	analysis	also	showed	internal	failure	costs	not	measured	by	HLS.	Data	from	DMS	indicate	that	quality	
control	was	where	 the	majority	 of	 quality	 deviations	 could	 be	 detected,	 deviations	 that	 are	 potential	
CoQs.	 Out	 of	 specification	 (OOS)	 and	 laboratory	 investigation	were	 deviations	 from	 DMS	 that	 causes	
more	 serious	 consequences.	 OOS	 was	 already	 measured	 as	 rework	 and	 scrap	 in	 production,	 but	
laboratory	 investigation	 was	 not	 measured	 as	 CoQ.	 The	 empirical	 findings	 explained	 laboratory	
investigation	 as	 extra	 work	 due	 to	 error	 in	 quality	 control	 process.	 The	 extra	 time	 needed	 could	 be	
described	 as	 internal	 failure	 cost.	 Documentation	 error	 is	 another	 contribution	 to	 QC	 failure,	 which	
resulted	in	re-analysis	and	could	also	be	classified	as	internal	failure	cost.	Table	18	summarizes	identified	
CoQ	for	quality	control	in-process	and	finished	goods.		
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Table	18:	Identified	CoQ	for	quality	control	in-process	and	finished	goods.	

Cost	category		 Sub-category		 Activity		

Conformance		
Appraisal	costs		 Wages	for	employees	performing	quality	control	on	

raw	material	
Prevention	costs		 Quality	training		

Non-conformance		 Internal	failure	costs		 Laboratory	investigation	
Re-analysis	

	

Quality	assurance		
A	quality	assurance	function	and	its	including	activities	could	be	defined	as	an	appraisal	cost	and	should	
be	measured	as	CoQ.	HLS	had	a	well-developed	quality	assurance	function	that	performed	independent	
reviews	on	product	quality,	documentations	and	methodology.	 It	was	a	critical	 function	since	products	
could	 not	 be	 released	 to	 customer	 before	 quality	 assurance	 approval.	 The	 function	 and	 its	 including	
activities	therefore	could	be	identified	as	appraisal	costs	not	measured.	Analysis	also	showed	activities	in	
the	 quality	 assurance	 function	 that	 could	 be	 identified	 as	 internal	 failure	 costs	 not	measured.	 Due	 to	
failures	occurring	in	the	different	production	steps	from	raw	material	to	finished	good,	quality	assurance	
needed	to	perform	investigation	activities	of	these	failures,	prior	to	product	release.	Quality	errors	that	
had	 been	 corrected	 must	 be	 evaluated	 again	 by	 the	 quality	 assurance	 function.	 Hence	 they	 were	
performing	rework	which	can	be	classified	as	an	internal	failure	cost	when	compared	to	the	theoretical	
framework.	Table	19	shows	identified	CoQ	for	the	quality	assurance	function.		

Table	19:	Identified	CoQ	for	the	quality	assurance	function.	

Cost	category		 Sub-category		 Activity		
Conformance		 Appraisal	costs		 Wages	for	employees	performing	quality	assurance	

inspection	on	finished	goods	
Non-conformance		 Internal	failure	costs		 Failure	investigation	(extra	work)	

Rework		
	
	
Supplier	quality	
Analysis	 showed	 that	 the	 activities	 performed	 by	 supplier	 quality	 could	 be	 identified	 as	 conformance	
costs,	 or	 more	 specifically	 as	 appraisal	 costs	 not	 measured,	 since	 supplier	 quality	 is	 responsible	 for	
ensuring	that	required	quality	on	raw	material	 is	 reached.	CoQ	for	supplier	quality	 is	also	presented	 in	
Table	20.	

Table	20:	Identified	CoQ	for	the	supplier	quality	function.	

Cost	category		 Sub-category		 Activity		
Conformance		 Appraisal	costs		 Wages	for	employees	securing	that	CPU	is	receiving	

raw	material	of	good	quality	from	suppliers		
	

An	overview	of	all	CoQ	identified	for	each	function	at	HLS	is	presented	in	Table	21.	Visualizing	CoQ	in	an	
organization	 is	 the	 first	 step	 to	 be	 able	 to	 lower	 total	 CoQ.	 Calculating	 these	 costs	 not	 only	 gives	 an	
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understanding	of	financial	implications	on	the	business	but	also	supports	management	with	information	
about	how	and	where	to	engage	resources	for	quality	improvement	in	the	organization.		

Table	21:	Summary	of	identified	CoQ	throughout	the	organization,	from	raw	material	to	finished	goods.		

Process	function		 CoQ	Category		 Items	of	CoQ		 Measurement	

Quality	control	–	
raw	material	

Prevention	costs		 Analysis	training	&	education	 Time	(wages)	

Appraisal	costs		
Wages	of	the	employees	for	
inspection	and	tests	of	incoming	
materials		

Time	(wages	for	people	
full	time)	

Internal	failure	
costs	

Re-analysis	(re-work)	
Failure	investigation		

Time	(wages)	

Production	

Prevention	costs		

Trend	analysis	on	product	
specification		
Production	control	system	
Investments	in	production	
equipment	
Training/education	on	Equipment	
error	–	special	cause		

Time	(wages)	
Material		

Appraisal	costs		 	 	
Internal	failure	
costs	

Volume	variance	
Failure	investigation	

Time	(wages)	
Material	

Quality	control	–	
finished	good	&	
in-process	

Prevention	costs		 Analysis	training	&	education		 Time	(wages)	

Appraisal	costs		
Wages	for	employees	performing	
quality	control		
	

Time	(wages	for	people	
full	time)	

Internal	failure	
costs	

Laboratory	investigation	
Re-analysis	

Time	(wages)	

Filling	&	packaging	

Prevention	costs		
Volume	variance	
Environmental	control	of	filling	
room	

Material		
Time	(wages)	
	

Appraisal	costs		 	 	
Internal	failure	
costs	

Re-filling	(re-work)	 Time	(wages)	
	

Quality	Assurance	

Prevention	costs		 	 	

Appraisal	costs		 Wages	for	employees	at	
production	and	process	controls		

Time	(wages	for	people	
full	time)	

Internal	failure	
costs	

Failure	investigation		
Re-work	(new	inspection	after	re-
work	from	production	and	QC)	

Time	(wages)	
	

Supplier	quality	

Prevention	costs		 	 	

Appraisal	costs		
Wages	for	employees	securing	that	
CPU	is	receiving	raw	material	of	
good	quality	from	suppliers	

Time	(wages	for	people	
full	time)	

Internal	failure	
costs	
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5.5 CoQ	model		
As	mentioned	earlier	the	analysis	showed	that	the	existing	CoQ	model	used	by	HLS	only	measured	non-
conformance	 costs	 and	 only	 in	 a	 specific	 part	 of	 the	 organization.	 The	 analysis	 pointed	 out	 that	 the	
model	was	not	complete.	It	could	be	more	detailed	regarding	costs	classification	and	also	allow	a	more	
holistic	view	to	create	visibility	of	different	types	of	CoQ	in	all	aspects	of	the	organization.	Building	a	CoQ	
model	with	 the	 identified	costs	 in	Table	21	as	a	basis	could	give	a	more	correct	 interpretation	of	 total	
CoQ	and	evolve	the	CoQ	system	to	be	more	effective.	

A	 CoQ	 system	 is	 not	 solving	 quality	 issues	 themselves,	 it	 is	 rather	 used	 as	 a	 management	 tool	 to	
understand	areas	of	improvement	concerning	quality	issues.	Measuring	costs	identified	in	Table	21	will	
give	an	understanding	of	the	total	CoQ	distribution,	and	how	much	non-conformance	and	conformance	
costs	contribute	to	the	total	CoQ.	By	measuring	according	to	this	model	conformance	costs	will	increase	
substantially,	where	appraisal	costs	will	be	a	major	contributor.	Non-conformance	costs	will	also	increase	
if	additional	internal	failure	costs	are	measured.	According	to	the	theoretical	framework	an	organization	
with	 an	 immature	 quality	 management	 system	 only	 have	 non-conformance	 costs.	 As	 the	 quality	
management	system	matures	and	 improves	 the	CoQ	distribution	shifts	 to	mostly	or	only	conformance	
costs.	 An	 evolved	 CoQ	 model	 can	 be	 used	 to	 lower	 total	 CoQ	 in	 HLS,	 where	 focus	 should	 lay	 on	
eliminating	internal	failure	costs.	To	do	so	continuous	improvements	programs	focusing	on	the	internal	
failure	 areas	 should	be	 initiated.	 The	preventive	 activities	 that	 are	 initiated	 should	 also	be	 considered	
and	measured	as	prevention	costs	in	the	new	model.		
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6 Conclusions	and	Recommendations		
In	 this	 section	conclusions	and	 recommendations	are	presented.	With	 the	analysis	 in	 section	5	as	basis	
gaps	have	been	identified	as	potential	improvement	areas	for	the	cost	of	quality	(CoQ)	system	used	at	the	
case	 company.	 Following	 the	 conclusions	 recommendations	 are	 presented,	 both	 in	 general	 for	 the	
chemical	manufacturing	industry	and	specifically	for	the	case	company.		

6.1 Conclusions	
This	 thesis	 had	 as	 purpose	 to	 explore	 and	 gain	 knowledge	within	 CoQ,	 to	 investigate	 the	 relationship	
between	conformance	and	non-conformance	costs	in	the	chemical	manufacturing	industry,	and	explore	
how	 it	could	be	a	basis	 for	 lowering	 total	CoQ.	The	 following	questions	were	 formulated	to	concretize	
the	purpose,	and	was	aimed	to	be	answered	in	the	thesis.	

Q1:	How	can	conformance	and	non-conformance	costs	be	identified,	classified	and	measured?	

Q2:	 How	 can	 conformance	 and	 non-conformance	 costs	 be	 identified,	 classified	 and	 measured	 in	 the	
chemical	industry?	

Q3:	How	could	the	relationship	between	conformance	and	non-conformance	be	modelled?	Could	such	a	
model	be	the	basis	for	optimization	of	Total	Cost	of	Quality?		

Q1	was	answered	by	studying	 literature,	which	provided	 information	and	knowledge	within	areas	such	
as	quality	management,	TQM,	CoQ	and	continuous	improvements.	The	empirical	findings	from	the	case	
study	 were	 compared	 with	 the	 theoretical	 framework	 to	 answer	 Q2.	 The	 analysis	 between	 the	
theoretical	framework	and	empirical	findings	resulted	in	a	CoQ	model	which	could	be	a	basis	to	answer	
Q3,	 which	 is	 further	 elaborated	 in	 the	 section	 7.	 The	 thesis	 led	 to	 both	 case	 specific	 and	 general	
conclusions	and	recommendations.	The	conclusions	were	formulated	below	as	a	number	of	gaps,	which	
highlight	differences	and	point	out	implications.		

Gap	1	–	CoQ	definition	discrepancy		
The	analysis	showed	that	the	CoQ	definition	could	be	more	detailed	and	informative	to	be	a	support	in	
identifying	 and	 measuring	 CoQ,	 hence	 contributing	 to	 a	 more	 effective	 CoQ	 system.	 A	 too	 narrow	
definition	makes	 it	 difficult	 for	 an	 organization	 to	 understand	what	 activities	 and	 failures	 that	 can	 be	
defined	as	CoQ,	making	it	difficult	to	identify	and	measure	them.	It	was	also	shown	that	there	was	a	gap	
between	how	the	quality	management	function	defined	CoQ,	and	the	interpretation	in	the	organization.	
Conclusions	 could	 be	 drawn	 that	 Healthcare	 Life	 Sciences	 (HLS)	 defined	 CoQ	 based	 on	 what	 was	
measured,	instead	of	being	defined	on	what	should	be	measured.		

Gap	2	–	Conformance	costs	not	measured		
The	analysis	clearly	showed	that	only	non-conformance	costs	was	measured,	or	even	more	specifically	
only	 internal	 failure	 costs.	 Conformance	 costs,	 such	 as	 preventive	 and	 evaluation	 activities	 are	 not	
measured	 as	 CoQ.	 Since	 HLS	 operates	 in	 the	 chemical	 industry	 with	 customers	 that	 are	 regulated	 by	
strict	requirements	from	national	authorities,	high	quality	of	their	products	and	manufacturing	methods	
is	mandatory.	Quality	control	and	evaluation	functions	are	essential	parts	of	the	business,	but	they	were	
not	visualized	as	conformance	costs	or	measured	as	CoQ.		
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The	 analysis	 showed	 that	 the	 internal	 failure	 costs	 identified	 as	 CoQ	 was	 measured	 in	 a	 good	 way,	
allowing	 HLS	 to	 understand	 the	 costs	 implications	 on	 business	 and	 also	 allowed	 HLS	 to	 observe	 CoQ	
change	and	trends	over	time.		

Gap	3	–	CoQ	only	visualized	in	one	process	function		
The	 analysis	 pointed	 out	 that	 CoQ	was	 only	measured	 in	 the	 production	 function,	 even	 though	 there	
were	 multiple	 functions	 evaluating	 or	 influencing	 product	 quality	 in	 the	 production	 process.	 These	
functions	were	using	resources	that	could	be	measured	as	conformance	costs,	and	was	handling	issues	
that	could	be	described	as	non-conformance	costs.	The	 following	 relevant	 functions	were	 identified	 in	
the	production	process,	where	CoQ	should	be	measured:	

• Quality	control	(raw	material,	in-process,	finished	goods)		
• Production	
• Filling	and	packing		
• Supplier	quality		
• Quality	assurance		

Gap	4	–	Potential	CoQ	not	identified	and	measured		
According	to	the	analysis	several	CoQ	components	existed	but	was	unknown	to	HLS.	Costs	were	found	to	
be	 derived	 from	 preventive,	 evaluation	 and	 failures	 activities	 in	 all	 the	 above	 functions.	 Both	
conformance	 costs	 and	 non-conformance	 costs	 existed	 at	 HLS,	 and	 those	 could	 be	 classified	 as	
prevention	costs,	appraisal	costs	and	internal	failure	costs.	If	these	costs	were	to	be	measured,	the	total	
CoQ	would	be	substantially	higher	compared	to	what	actually	was	measured	today.	The	CoQ	distribution	
would	 shift	 from	 only	 be	 based	 on	 non-conformance	 costs	 to	 a	 more	 equal	 distribution	 of	 both	
conformance	and	non-conformance	 costs.	All	 identified	CoQ	are	measured	either	by	 time	or	material;	
material	 is	 used	 in	 cases	 where	 raw	 material	 or	 products	 need	 to	 be	 scrapped.	 See	 Table	 21	 for	 a	
summary	of	all	identified	CoQ.		

6.1.1 CoQ	Model		
According	 to	 the	 theoretical	 framework	 measuring	 CoQ	 can	 be	 very	 time	 consuming	 and	 it	 may	 be	
difficult	to	decide	which	costs	to	measure	as	CoQ.	When	reviewing	all	CoQ	that	was	identified	from	the	
empirical	 findings,	 seen	 in	 Table	 21,	 it	 is	 possible	 to	 see	 similarities	 across	 the	 different	 functions.	
Conclusions	could	be	made	that	some	costs	are	general	for	the	whole	production	process,	 i.e.	they	are	
found	in	the	majority	of	the	functions.	These	costs	can	be	generally	classified	for	the	production	process	
as	a	whole	and	therefore	also	similarly	measured	for	each	cost	type,	despite	that	the	activities	or	errors	
causing	these	costs	differ	from	function	to	function.	Figure	15	illustrates	these	general	CoQ	components	
through	the	classification	according	to	the	theoretical	framework.	Conclusions	could	be	drawn	that	these	
cost	categories	were	the	most	important	for	HLS	to	measure,	in	order	to	be	able	to	lower	total	CoQ.		
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Non-Conformance	costs	

Appriasial		 Internal	Failure		

• Cost	of	control	
functions	(QC,	QA,	
supplier	quality)	

• Rework	(re-filling,	re-analyzing,	
QA)		

• Failure	investigation	(QA,	QC,	
prod.)	

• Volume	variance	(production)	
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(filling	&	packing)	
• Trend	analysis	on	
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Figure	15:	CoQ	that	is	identified	and	represented	throughout	the	production	process,	classified	according	
to	the	theoretical	framework.		
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6.2 Recommendations		
The	 recommendations	 should	 be	 interpreted	 as	 a	 help	 to	 improve	 and	 make	 the	 CoQ	 system	 more	
effective.	 They	 are	 directed	 towards	 HLS	 but	 are	 written	 in	 a	 generally	 way,	 and	 can	 probably	 be	
applicable	for	other	organizations	in	the	chemical	process	manufacturing	industry.		

Definition	–	Should	be	evaluated,	improved	and	create	awareness	of	CoQ		
A	 CoQ	 system	 is	 a	 support	 for	 understanding	 and	 improving	 the	 quality	management	 activities	 in	 an	
organization.	 A	 definition	 of	 CoQ	 should	 therefore	 be	 formulated	 so	 that	 it	 encapsulates	 all	 these	
activities,	both	the	work	of	maintaining	and	reaching	certain	degrees	of	quality	standards	and	goals,	as	
well	 as	 when	 activities	 and	 failures	 regarding	 quality	 are	 occurring.	 A	 definition	 should	 also	 allow	 a	
holistic	view	of	CoQ	in	all	aspects	of	an	organization	from	raw	material	to	end	product	delivered	to	the	
customer.	 A	 good	 example	 of	 such	 a	 definition	 is	 the	 one	of	 Joseph	 Juran;	 “The	 sum	of	 all	 costs	 that	
would	disappear	 if	 there	were	no	quality	problems”.	 It	 is	 a	 simple	but	 yet	 terse	 sentence,	which	 is	 of	
good	use	for	any	organization,	regardless	industry.	

Identify	 CoQ	 and	 distinguish	 that	 from	 regular	 manufacturing	 costs	 can	 be	 difficult.	 A	 definition	 to	
effectively	support	the	CoQ	system	should	therefore	be	able	to	guide	how	CoQ	could	be	classified	and	
structured.	For	example	 the	prevention-appraisal-failure	 (PAF)	classification	 is	good	support	 to	 identify	
CoQ.	 The	 classification	 is	 also	 creating	 structure	 and	 separates	 different	 types	 of	 CoQ,	 which	 is	 very	
helpful	for	understanding	the	different	costs	making	up	the	total	CoQ.		

For	an	organization	to	be	able	to	lower	total	CoQ,	understanding	and	visibility	of	all	costs	are	needed.	To	
create	awareness	of	CoQ	throughout	the	whole	organization	and	spread	a	homogeneous	definition	to	all	
relevant	functions	are	necessary	activities	to	successfully	identify	all	CoQ.		

CoQ	should	be	measured	throughout	the	organizations,	in	all	applicable	functions.		
The	following	functions	are	where	CoQ	should	be	measured	to	correctly	reflect	the	total	CoQ	for	HLS.		

• Quality	control	(raw	material,	in-process,	finished	goods)		
• Production	
• Filling	and	packing		
• Supplier	quality		

These	 functions	 are	 fundamental	 parts	 for	 a	 manufacturing	 organization	 and	 should	 therefore	 be	
relevant	 in	 a	 general	 perspective,	 i.e.	 for	 other	 companies	 in	 the	 chemical	 process	 manufacturing	
industry.		

Quantify	and	measure	identified	costs		
To	create	visibility	and	to	determine	total	CoQ,	the	costs	identified	in	the	analysis	(see	Table	21)	should	
be	quantified	 and	measured,	 for	 example	 calculating	 the	 costs	 for	 time	and	material	 that	 are	used	or	
lost.	 Measuring	 could	 be	 performed	 in	 a	 similar	 way	 as	 existing	 methods,	 monthly	 as	 percentage	 of	
manufacturing	 cost.	 Each	 of	 the	 above	 identified	 functions	 should	 be	 responsible	 for	 measuring	 and	
reporting	CoQ	from	their	processes	and	activities.		
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In	a	more	general	perspective	is	it	important	to	not	only	measure	CoQ	when	failures	are	occurring,	it	is	
equally	 important	 to	 understand	 the	 costs	 and	 its	 implications	 of	 managing	 evaluation	 and	 control	
activities.	Measuring	these	costs	could	give	an	organization	understanding	of	typical	CoQ	components	in	
the	chemical	manufacturing	 industry,	and	also	an	understanding	of	which	activities	 that	 represent	 the	
highest	CoQ.		

Improve	CoQ	model	with	PAF	structure	and	identified	CoQs	
Figure	15	is	based	on	CoQ	identified	from	the	analysis,	and	is	a	recommendation	for	how	a	future	CoQ	
model	 could	 be	 designed.	 This	 model	 supports	 measurement	 of	 both	 conformance	 and	 non-
conformance	 costs	 and	 gives	 an	 understanding	 of	 the	 relationship	 between	 them.	 Since	 CoQ	
classification	 is	 more	 detailed,	 this	 model	 makes	 it	 easier	 to	 identify	 new	 CoQ	 and	 give	 deeper	
understanding	 of	 the	 total	 CoQ	 and	 the	 different	 costs	 it	 is	 based	 on.	 The	 model	 should	 be	
recommended	 to	 use	 for	 each	 one	 of	 the	 above	 functions,	 so	 that	 they	 can	 make	 their	 own	
interpretation	of	how	their	process	and	activities	contribute	to	the	total	CoQ.		

Lower	total	CoQ	–	focus	on	decreasing	internal	failure	costs	through	improvement	programs		
When	 total	 CoQ	has	 been	determined,	 the	next	 step	 is	 to	 lower	 these	 costs.	 The	 evolved	CoQ	model	
provides	more	detailed	information	that	is	a	good	support	in	the	process	of	lowering	total	CoQ.	The	most	
effective	 way	 to	 lower	 cost	 is	 to	 focus	 on	 internal	 failure	 costs	 by	 initiating	 improvement	 programs.	
These	improvement	activities	should	however	be	measured	as	conformance	costs.	A	successful	decrease	
of	 total	 CoQ	 will	 result	 in	 a	 shift	 of	 CoQ	 distribution,	 decreasing	 non-conformance	 and	 increasing	
conformance	cost.	Specific	for	HLS	improvements	focus	should	lie	on	improvement	programs	eliminating	
volume	variance	on	products,	rework,	and	failure	investigation	in	production,	filling	and	packing	station	
and	for	control	and	evaluation	functions.	Since	rework	and	failure	investigation	comes	back	in	multiple	
functions	maybe	 an	 overall	 improvement	 program	 could	 be	 initiated	 to	 prevent	 these.	 Education	 and	
culture	change	 in	general	apply	 for	all	 functions	combined	with	directed	solutions	 for	 function	specific	
errors.		 	
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7 Discussion	
In	this	section	a	discussion	regarding	the	thesis	as	whole	is	presented,	starting	with	a	discussion	covering	
whether	 the	 purpose	 of	 the	 thesis	 was	 reached.	 Then	 the	 generalization	 of	 the	 thesis	 is	 discussed,	 its	
ability	 to	 be	 applied	 in	 organizations	 outside	 the	 case	 study.	 Further,	 an	 evaluation	 of	 the	method	 is	
made,	followed	by	suggestions	for	further	studies.		

When	 the	 thesis	 first	 started	 the	 aim	 was	 to	 learn	 more	 about	 CoQ	 in	 the	 chemical	 manufacturing	
industry.	HLS	wanted	to	know	if	the	CoQ	they	were	measuring	was	enough,	or	if	they	were	missing	costs	
due	to	 lack	of	knowledge.	This	 led	 to	a	problem	discussion	that	considered	how	an	organization	could	
review	their	work	with	CoQ	and	if	and	how	it	was	possible	to	improve.	The	purpose	of	this	thesis	was	to	
explore	 the	 area	 of	 CoQ	 with	 focus	 on	 finding	 specific	 characteristics	 directed	 towards	 the	 chemical	
manufacturing	industry.	A	stretch	target	was	also	to	estimate	total	CoQ	and	model	a	trend	line	for	how	
the	decrease	of	total	CoQ	could	be	over	time.		

Questions	 Q1	 and	 Q2	were	 answered	 by	means	 of	 a	 literature	 study	 and	 a	 case	 study.	 The	 in-depth	
knowledge	 about	 CoQ	 made	 it	 possible	 to	 create	 a	 general	 apprehension	 of	 how	 CoQ	 was	 used	 in	
organizations	and	the	benefits	it	brought.	The	empirical	findings	(from	the	case	study)	showed	how	CoQ	
could	be	interpreted	and	used	by	an	organization	in	the	chemical	manufacturing	industry.	The	aim	was	
that	 the	 result	 could	 be	 both	 generalized	 for	 the	 industry,	 as	 well	 as	 specialized	 for	 HLS.	 Q3	 was	
considered	 in	this	 thesis	 in	terms	of	potential	conformance	and	non-conformance	costs,	and	how	they	
contribute	 to	 the	 total	 CoQ.	 However	 question	 Q3	 was	 not	 completely	 answered,	 because	 to	 fully	
understand	the	relationship	between	conformance	and	non-conformance	costs	in	the	case	study	would	
require	 calculation	of	 all	 identified	 CoQs.	 That	was	 not	 possible	 in	 this	 thesis	 due	 to	 limited	 time	 and	
resources,	 which	 is	 also	 a	 reason	 why	 an	 estimation	 of	 total	 CoQ	 and	 the	 development	 of	 an	
improvement	plan	could	not	be	reached.	

7.1 Implications	of	the	thesis		
As	mentioned	 in	 the	 introduction	quality	management	 is	 frequently	used	 in	most	organizations	 today,	
and	 has	 become	 a	 critical	 tool	 for	 upper	management	 to	 successfully	 compete	 in	 business.	 The	 case	
study	 has	 given	 insight	 into	 the	 overall	 importance	 of	 product	 quality	 for	 HLS,	 but	 also	 for	 other	
organizations	 manufacturing	 chemical	 products.	 It	 is	 quite	 common	 that	 organizations	 only	 measure	
internal	failure	costs,	the	case	study	gives	a	possibility	to	view	CoQ	in	a	wider	perspective,	a	support	for	
quality	 improvements	 in	all	parts	of	an	organization.	During	 the	 literature	 review	multiple	 studies	and	
articles	 where	 found	 discussing	 CoQ	 for	 several	 different	 companies	 and	 industries.	 The	 study	
summarized	CoQ	as	an	important	method	to	improve	the	quality	management	work.	However	no	study	
was	 found	 to	be	discussing	 the	 specific	 characteristics	of	CoQ	 in	 the	 chemical	manufacturing	 industry.	
The	insight	from	this	thesis	could	be	a	complement	for	organizations	aware	of	CoQ	and	having	initiated	
their	work,	 but	 needing	 support	 to	 take	 the	 next	 step.	 Results	 and	 conclusions	 from	 this	 thesis	 could	
possibly	provide	 insight	 in	critical	 factors	to	consider	when	evolving	a	CoQ	system.	Examples	of	factors	
are	 CoQ	 definition,	 classification,	 identification	 and	 model	 development,	 especially	 for	 the	 chemical	
manufacturing	industry.		
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7.2 Evaluation	of	the	method	
Roughly	speaking	the	planned	methodology	was	followed	throughout	the	thesis.	The	decision	to	choose	
case	 study	 as	 a	 research	 strategy	was	 beneficial.	 It	 enhanced	 the	 complexity	 and	 relations	 that	were	
needed	 to	understand	 in	order	 to	 identify	new	CoQ	components	and	 to	develop	 the	model.	 Initially	a	
second	but	smaller	case	was	planned,	in	the	shape	of	a	benchmark	with	another	company.	The	thought	
was	to	compare	the	 interpretation	and	work	of	CoQ	with	another	company	within	the	 industry.	 It	was	
however	 realized	 that	 it	would	be	a	quite	complicated	and	 time-consuming	activity	and	was	 therefore	
not	prioritized	in	the	thesis.	Instead	an	internal	benchmarking	regarding	the	view	on	CoQ	within	HLS	was	
performed.	The	 implications	of	 choosing	case	study	as	a	 strategy	was	 that	delimitations	were	needed,	
resulting	 in	 simplifications.	 CPU	 is	 a	 large	 and	 very	 complex	 organization,	 therefore	 functions	 such	 as	
production	needed	to	be	simplified,	but	primarily	the	relationship	between	the	different	functions	and	
how	they	impact	each	other	was	simplified.	This	has	led	to	a	thesis	that	not	always	reflects	the	reality	as	
a	whole	with	all	its	complexity.	It	also	resulted	in	a	certain	degree	of	moderation	when	conclusions	and	
recommendations	were	 to	be	generalized.	However	 this	was	known	and	noted	 throughout	 the	 thesis,	
but	tried	to	be	avoided	by	making	generalization	where	it	seemed	to	be	possible.		

During	 the	 thesis	 the	 theoretical	 frame	 of	 reference	was	 a	 support,	 by	 pointing	 out	where	 and	what	
information	to	be	gathered	in	the	case	study.	Equally	so	did	the	empirical	findings	guide	what	theory	that	
should	be	added	or	focused	on	in	the	thesis.	An	abductive	research	approach	was	therefore	essential	to	
reach	the	conclusions	and	recommendations	of	this	thesis.	The	 information	building	up	the	theoretical	
frame	 of	 reference	 originated	 from	multiple	 sources	 discussing	 the	 same	matter,	 to	 strengthen	 both	
reliability	and	validity.	In	the	case	study	information	was	mainly	gathered	from	interviews.	To	secure	the	
secure	 information	 validity	 several	 people	were	 asked	 about	 the	 same	 information.	 Information	 came	
also	from	observations	as	well	as	from	internal	documents	and	system	data	to	create	a	diversified	and	
correct	 picture	 of	 the	 case.	 The	 case-specific	 information	 in	 the	 thesis	 was	 continuously	 read	 by	 the	
supervisor	 at	 the	 company,	 to	 make	 sure	 analysis	 and	 conclusions	 were	 developed	 from	 correct	
information.	 The	 system	 data	 used	 in	 the	 thesis	 may	 have	 inaccuracies.	 Since	 there	 exist	 no	 quality	
control	of	the	information	added	in	the	system	is	it	not	possible	to	determine	if	the	system	contains	all	
information	and	if	it	is	100	percent	correct.		

7.3 Suggestion	for	further	studies		
This	thesis	has	discussed	how	CoQ	could	be	modelled	in	the	chemical	manufacturing	industry,	based	on	
characteristic	CoQs	that	may	exist	in	an	organization	from	this	kind	of	industry.	It	is	covering	far	from	all	
aspects	of	the	subject,	and	many	interesting	areas	are	still	to	be	investigated	regarding	improvement	of	
CoQ	in	organizations.	With	the	results	and	conclusions	from	this	thesis	suggestions	for	further	research	is	
formulated	as	three	major	areas	that	would	be	interesting	to	investigate.	

Model	implementation	and	optimization		
Since	 this	 thesis	 developed	 a	model	 that	 is	 recommended	 to	 be	 used	 to	 reach	 CoQ	 improvements,	 a	
natural	 suggestion	 for	 further	 studies	 is	 that	 of	 model	 implementation.	 A	 descriptive	 study	 could	 be	
made	that	aims	to	explain	how	the	model	should	be	used	and	how	to	measure	identified	CoQ.		
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Q3	in	this	thesis	considered	the	relationship	between	conformance	and	non-conformance,	and	how	that	
could	be	basis	for	model	optimization.	The	result	of	this	thesis	only	partly	answered	this	question,	mostly	
on	a	theoretical	level.	An	actual	optimization	is	only	possible	once	the	model	has	been	implemented	and	
is	used.	If	that	happens	it	would	be	interesting	to	investigate	how	the	developed	model	can	be	optimized	
and	used	as	a	tool	to	lower	CoQ,	for	example	by	quantifying	the	relationship	between	conformance	and	
non-conformance	and	establishing	the	optimal	CoQ.		

CoQ	model	generalization		
The	model	was	developed	through	a	case	study	at	HLS,	hence	in	an	isolated	environment.	A	suggestion	
for	further	research	would	therefore	be	to	test	the	CoQ	model	in	other	environments,	investigating	if	the	
CoQ	model	 is	applicable	 for	other	production	 lines	or	organizations	manufacturing	chemicals.	To	what	
extent	would	changes	or	complements	be	needed	when	the	model	 is	used	in	a	new	situation,	 in	other	
words	 how	 applicable	 is	 the	 model	 to	 generalization?	 During	 this	 thesis	 delimitations	 were	 made	
towards	 just	 one	 of	 HLS	 production	 lines,	 a	 suggestion	 is	 therefore	 to	 test	 the	 model	 on	 another	
production	line.	An	alternative	would	be	to	compare	the	model	with	another	company	in	the	 industry,	
similar	to	the	external	benchmarking	that	was	not	realized	during	this	thesis.		

External	failure	costs		
According	 to	 the	 theoretical	 frame	 of	 reference	 external	 failure	 costs	 are	 also	 components	 of	 non-
conformance,	 contributing	 to	 total	 CoQ.	 Since	 this	 thesis	 had	 delimitations	 focusing	 on	 the	 internal	
environment	of	HLS	external	factors	were	not	considered	in	any	aspect.	It	could	therefore	be	interesting	
to	investigate	external	failure	costs,	identify	potential	costs	and	how	they	contribute	to	CoQ.		 	
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