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Abstract 
 
“Overworking	 to	 death”	 is	a	phenomenon	 that	 has	been	noticeable	 in	developing	
countries.	The	cause	of	death	is	mainly	through	ischemic	strokes.	While	the	victims’	
occupations	differed,	they	all	shared	a	common	characteristic,	being	positioned	in	a	
sedentary	 work,	 ranging	 from	 IT	 workers	 to	 doctors.	 This	 project’s	 aim	 was	 to	
develop	 a	 product	 that	 prevented	 or	 decreased	 the	 strokes	 that	 derived	 from	
sedentary	overwork.	This	was	mainly	tackled	by	preventing	one	of	the	three	causes	
of	developing	blood	props,	 slowed	blood	 flow.	 In	order	 to	gather	 rich	data	of	 the	
phenomenon,	a	qualitative	 study	was	 conducted	 in	China,	during	 two	months.	By	
doing	an	extensive	 structured	 sampling,	 information	 rich	data	 could	be	gathered	
during	a	short	period	of	time.	Data	were	derived	from	observations,	questionnaires	
and	 an	 interview,	 which	 then	 was	 interpreted	 to	 customer	 needs	 and	 the	 final	
product	specification.		
 
The	 final	 product	 became	 a	 trouser	 with	 an	 in	 built	 dynamic	 compression	
mechanic,	that	can	compress	the	veins	mostly	during	sitting	activities,	 in	order	to	
prevent	blood	stasis.	The	compression	mechanic	works	like	the	Chinese	finger	trap;	
compressing	 the	 calves	 while	 sitting	 and	 stretching	 the	 legs	 forward.	 It	 is	made	
only	out	of	polysaccharides	fibres;	cotton	and	corn.	
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1 Introduction  
A	description	of	the	project	is	explained	here,	with	aims,	restrictions	of	the	study	
and	its	stakeholders,	with	the	design	methodology.	

1.1 Background 
Death	by	overwork,	guò	 láo	sǐ	 (过劳死),	 is	a	common	phenomenon	that	occurs	 in	
China	 (The	 Straits	 Times,	 2016),	 with	 an	 annual	 death	 of	 600	 000,	 and	 an	
estimated	 loss	 of	 1	 600	 people	 daily	 (Global	 Times,	 2013;	 The	 Straits	 Times,	
2016).	Heavy	workload	 conjointly	with	 long	working	 conditions,	 could	 lead	 to	
cardiovascular	 diseases,	 which	 then	 could	 develop	 into	 stroke	 (Ke,	 2012;	
International	 Labour	 Organization,	 2013).	 The	 pre-event	 condition	 are	
symptoms	such	as	chest-,	neck-	and	shoulder	tightness,	easy	 fatigue,	headache,	
weight	changes	and	amnesia	(Ke,	2012).	Most	of	which	are	typical	symptoms	of	
strokes	 (Svanström,	 2003).	 Other	 signs	 are	 frequent	 insomnia,	 elevated	 blood	
pressure,	 sudden	 social-	 and	 work	 deterioration	 (Yicai,	 2012).	 The	 disease	
causative	agent	(cause	of	the	disease)	for	strokes	is	normally	a	mechanical	form	
of	 discontinued	 blood	 flow,	 due	 to	 thrombus	 (Svanström,	 2003).	 However,	
people	 considered	 overworking	 may	 show	 no	 symptoms	 of	 heart-	 or	 brain	
problems,	 yet	 still	 show	 signs	 of	 depression	 and/or	 burnout	 syndrome	 (Ke,	
2012).		
	
 

     
 
 

Figure 1. An IT worker in China collapses on the subway, due to overworking (CHI, 2016). 
 
Occupations	 that	 is	 highly	 exposed	 to	 guò	 láo	 sǐ	 are	 people	 such	 as	 university	
professors,	physicians,	engineers,	journalists,	policemen,	IT	workers	and	doctors	
(Ke,	 2012;	 Xiaodong,	 2016;	 Chi,	 2016).	 Most	 likely	 through	 their	 common	
physical	inactivity	lifestyle,	which	will	be	discussed	below.	
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1.2 Problem 
People	 are	 having	 stroke	 attacks	 due	 to	 overworking.	 The	 medical	 diagnosis	
varies;	 however,	 they	 can	 be	 generally	 divided	 into	 physiological	 and	
psychological	 diseases.	 The	 physiological	 factors	 can	 be	 narrowed	 down	 to	
physical	 inactivity,	which	 covers	 the	majority	of	 the	occupation	being	 targeted.	
Inactivity	 are	 linked	 with	 stasis	 of	 blood	 flow	 and	 strokes.	 Currently,	 the	
preventions	to	these	problems	can	come	in	the	form	of	medicines	and	drugs	that	
balance	out	the	blood’s	coagulation	and	fibrinolysis	ability,	such	as	warfarin	and	
heparin,	 elastic	 compression	 stockings,	 non-elastic	 bandages,	 and	 medical	
pneumatic	 devices.	 Alternatively,	 those	 diagnosed	 with	 a	 high	 risk	 of	 blood	
clotting	may	require	an	operation	to	 install	a	 filter	 in	 the	 inferior	vena	cava,	 to	
catch	possible	clots.	The	physical	compression	products	that	are	marketed	today	
rely	 on	 old	 scientific	 models,	 that	 are	 not	 as	 efficient	 as	 the	 new	 ones.	
Additionally,	there	is	a	gap	between	the	product’s	attributes	and	the	customer’s	
needs. 

1.3 Brief  
To	 find	 a	 solution	 that	 prevents	 or	 decreases	 the	 strokes	 that	 derives	 from	
overworking.	Deep	vein	 thrombosis	 (DVT)	will	 be	 seen	as	 the	main	problem	 that	
causes	 the	 strokes	 attacks.	 Slowed	 blood	 flow,	 being	 the	 cause	 of	 the	 DVT	
(Brehmer-A.,	2011).	
	
The	 final	 product	 is	 aimed	 to	 be	 an	 affordable	 physical	 product	 for	 the	 average	
white-collar	worker	in	China,	in	the	form	of	a	standalone	product	or	an	accessory	
that	can	be	equipped	on	an	existing	product	at	the	office.	

1.3.1 Restrictions 
The	current	problem	is	 complex,	 as	 the	relationship	between	overworking	and	
strokes	 is	 ill-defined	 and	 inconsistent.	 Different	 type	 of	 factor	 combination	
seems	to	build	on	each	other	for	each	victim.	However,	the	cause	of	strokes	for	
this	 phenomenon	 seems	 to	 come	 from	 two	 categories;	 physiological	 and	
psychological	factors.	The	project	aims	to	have	a	prototype	at	the	end	of	it,	which	
means	 restrictions	 and	 limitation	 for	 the	 project	 should	 be	 addressed;	 this	
project	 chooses	 to	 focus	 on	 the	 physical	 aspect	 of	 the	 problem,	 specifically	
inactivity	that	leads	to	slowed	blood	flow.	That	being	said,	developing	a	brochure	
or	a	product	that	reminds	the	user	to	move	themselves	will	not	be	attempted,	as	
the	 user	 will	 most	 likely	 ignore	 the	 reminder	 out	 of	 laziness,	 as	 people	 will	
always	find	workarounds	around	the	design’s	flaw	(Norman,	2016).	The	product	
should	to	some	extent	do	all	the	work	after	the	customer	buys	the	product.		

1.3.2 Target group  
White-collar	workers	in	the	Chinese	society	will	be	the	main	target	group;	people	
with	 professional	 or	 administrative	work	 in	 an	 office	 environment,	 specifically	
those	with	a	sedentary	lifestyle.	

1.4 Collaborations  
This	 project	 was	 funded	 by	 Swedish	 International	 Development	 Cooperation	
Agency	 (Sida),	 as	 a	 part	 of	 the	 Minor	 Field	 Study	 (MFS)	 scholarship	 that	 are	
handed	out	annually	to	each	university.	University	of	Skövde	were	able	to	obtain	
five	 scholarships	 this	 year,	 this	 report	 being	 the	 only	 one	 from	 the	 school	 of	
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engineering	 science	 department.	 To	 be	 eligible	 for	 the	 scholarship,	 the	
application	should	hold	questions	or	events	that	are	important	to	the	country's	
growth,	 in	 health,	 economics,	 engineering,	 etcetera.	 A	mandatory	 crash	 course	
takes	place	before	the	study	under	three	days.	The	purpose	of	the	MFS	program	
is	 to	 give	 Swedish	 students	 the	 opportunity	 to	 acquire	 knowledge	 about	
developing	 countries	 and	 global	 development	 issues.	 One	 of	 the	 requirements	
are	that	the	study	is	conducted	for	at	least	eight	weeks	in	the	developing	country.	
Another	one	being	that	 the	student	has	to	have	a	contact	person	 in	the	applied	
developing	 country.	 The	 contact	 person	 for	 this	 project	 being	Hamza	Aabedeh,	
from	Abdeh	Trading.	
	
Their	relevancy	 for	 this	project,	 is	 that	 they	manufacture	products	 that	has	the	
same	 target	 group	 for	 this	 project,	 sedentary	 workers.	 Abdeh	 Trading,	 is	 a	
company	 in	 China,	 Guangzhou,	 that	 develops	 foremost	 office	 chairs.	 Their	
mission	 during	 the	 project	 is	 allowing	 access	 to	 their	 own-	 and	 their	 business	
partners’	 office,	 in	 order	 to	 explore	 the	 potential	 users’	 working	 environment	
and	conducting	 the	study,	while	 introducing	 the	Chinese	 culture	and	norms,	 in	
order	to	get	a	better	grasp	at	the	customer	demands	and	wishes.	
	
Hamza	Aabedeh’s	 experience	 in	 the	market	 for	a	product	with	the	 same	 target	
audience	 is	 valuable.	 Although,	 He	 and	 Abdeh	 Trading	 are	 not	 responsible	 for	
developing	 the	 final	 product	 prototype,	 and	 the	 final	 product	 is	 not	 being	
designed	 under	 their	 name.	 They	 are	 simply	 volunteering	 to	 take	 part	 in	 the	
project,	without	getting	anything	out	of	it.	

1.5 Methodology  
A	 product	 should	 not	 follow	 a	 pre-existing	 methodology	 template,	 rather	 a	
methodology	should	be	adjusted	or	chosen	specifically	aid	to	project’s	objectives	
and	 challenges	 (Ulrich	 &	 Eppinger,	 2014).	 Unless	 the	 product	 falls	 into	 the	
category	of	“process	intensive”,	that	is	the	product	adopts	into	a	process	in	order	
to	 fit	 into	 a	 pre-existing	 manufacturing	 process,	 which	 limits	 the	 design	
boundaries	 (Ulrich	 &	 Eppinger,	 2014).	 The	 design	 process	 for	 this	 project	 has	
been	 selected	 by	 evaluating	 different	 questions	 such	 as,	 if	 the	 product’s	
technology	 uniqueness	 determines	 the	 development,	 does	 the	 product	have	 to	
follow	 a	 company’s	 established	 manufacturing	 system,	 does	 the	 intended	
product	 depend	 on	 another	 product’s	 platform,	 is	 the	 product	 sufficient	 for	
iterative	 prototyping,	 is	 there	 a	 high	 uncertainty	 of	 its	market	 and	 technology	
potential,	 is	 the	product	a	part	of	 a	whole	and	 is	 the	product	a	 request	 from	a	
customer	(Ulrich	&	Eppinger,	2014).	By	answering	those	questions,	a	conclusion	
could	 be	 drawn,	 that	 this	 project	 fits	 most	 into	 the	 “custom	 based	 products”,	
which	is	a	development	process	that	specialize	into	making	small	adjustments	to	
existing	products	that	are	requested	from	customers	(Ulrich	&	Eppinger,	2014).	
The	most	suitable	process	for	the	custom	based	products,	is	the	general	product	
development	 process	 (Ulrich	&	Eppinger,	 2014),	which	 is	demonstrated	 in	 the	
figure	below.		
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Figure 2. The general design process was selected, after evaluating the intended product’s 

characterization in order to aid the project’s objectives and challenges.  
 
Looking	 at	 the	 general	design	 process	 in	 a	macro	 level,	 it	 comes	 down	 to	 four	
major	 phases;	 Exploration,	 Generation,	 Evaluation	 and	 Communication	 (Cross,	
2008).	 The	 first	 phase,	 being	 exploration,	 is	 about	 examining	 the	 ill-defined	
problem	(Cross,	2008).	Generation	comes	after	conjunctionally	with	Evaluation	
as	 an	 iterative	 cycle	 (Cross,	 2008).	 They	 are	 about,	 exploring	 alternative	
concepts	 against	 criteria,	 goals	 and	 constrains	 from	 the	 design	 specification,	
after	 having	 the	 ill-defined	 problem	declared	 (Cross,	 2008).	 Lastly,	 the	 chosen	
concept	has	to	communicate	its	properties	and	functions	to	other	professions,	in	
order	 to	 manufacture	 the	 product	 (Cross,	 2008).	 This	 four-stage	 process	 is	
oversimplified,	 as	 the	 design	 phases	 often	 occurs	 conjunctionally	 with	 each	
other’s	with	many	 iteration;	as	some	new	or	previously	unknown	factors	could	
appear	during	any	phase,	thus	going	back	and	redoing	an	activity,	which	is	also	
known	as	the	development	iteration	(Ulrich	&	Eppinger,	2014).	By	no	means	is	
that	 a	 negative	 thing,	 as	most	 successful	 designs	 goes	 through	many	 iteration	
(Cross,	2008).	The	material	exploration	phase	should	be	taken	into	consideration	
throughout	the	whole	design	process	(Ulrich	&	Eppinger,	2014).	It	will	however	
be	 addressed	 after	 the	 concept	 development	 section,	 in	 the	 material	 analyses	
section,	in	order	to	get	a	proper	structure.	
		
Nonetheless,	having	a	strategy	is	more	for	the	sake	of	being	aware	of	where	the	
destination	 is	 and	 how	 the	 designer	 is	 intended	 to	 get	 there	 (Cross,	 2008).	
However,	 having	 a	 bit	 of	 no	 strategy,	 the	 “random	 search”	 strategy	 could	 be	
beneficial	 for	 exploring	 wider	 solutions,	 representing	 the	 divergent	 design	
approach,	 as	 opposed	 to	 convergent	 (Cross,	 2008).	 Overall,	 the	 design	 process	
will	 be	 convergent	 in	 order	 to	 narrow	 down	 the	 solutions,	 but	 contrary	 to	
engineering	beliefs,	having	a	 balance	of	both	kind	of	 thinking	 is	 essential	 for	a	
successful	design,	as	engineering	and	other	education	tend	to	look	at	one	side	of	
the	spectrum,	the	convergent	thinking	(Cross,	2008).		
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2 Preliminary study 
The	Initial	data	collection	to	identifying	key	aspects	of	the	product	development	
are	 addressed	 here.	 It	 is	 the	 understanding	 the	 problem,	 before	 finding	 the	
solutions,	which	both	are	equally	as	important	(Cross,	2008).		

2.1 Deconstructing Overwork 
As	established	by	Cross,	designers	are	often	given	ill-defined	problems	to	solve,	
that	 is	 to	 say	 no	 definitive	 formulation	 of	 the	 problem,	 inconsistency,	 etcetera	
(2008).	 This	 is	 definitely	 the	 case	 here,	 as	 can	 be	 seen	 in	 the	 inconsistency	
between	 the	 reports	 of	 strokes	 without	 signs	 of	 symptoms,	 yet	 the	 majority	
showing	signs	of	depression.	To	solve	the	problem	“overworking	to	death”,	one	
must	first	understand	the	time-order	relationship	between	the	cause	and	effect,	
with	 the	 cause	 preceding	 the	 effect	 (Zechmeister,	 1997).	 By	 doing	 that,	 the	
designer	can	solve	the	cause	of	the	problem	instead	of	its	effects	or	symptoms.	In	
this	case,	the	end	effect	to	the	problem	is	death	or	stroke	and	the	main	cause	is	
“overworking”,	 as	 seen	 in	 the	 figure	 below.	 The	 in-betweens	 are	 the	 multiple	
effects	 overworking	 could	 bring,	 like	 sleep	 deprivation,	 depression,	 stress,	
smoking,	alcohol,	dehydration,	etcetera.	Some	of	which	may	have	a	circular	effect	
relationship.	Keep	in	mind	that	the	primary	target	group	are	sedentary	workers,	
which	 is	 why	 the	 effects	 have	 been	 narrowed	 down	 to	 fit	 the	 target	 group’s	
relevance.		

 
Figure 3. The term “overworking to death” can be caused by many factors, especially from a diverse 
occupation. All the problems cannot be solved at ones, which is why the designer has to put limit and 
restrictions to the project. In this case, focusing on the problem that occurs from prolonged inactivity, 

which could develop into cardiovascular diseases such as DVT.  
 

2.2 Literature review 
The	 literature	 review	 explores	 academic-,	 scholarly-,	 scientific	 report,	 book	
articles,	 journals	 and	 reviews	 that	 are	 related	 to	 the	 design	 problem.	 The	
purpose	of	it	is	to	develop	an	informed	perspective	on	the	pre-established	issue	
and	to	make	an	interpretation	at	the	end	(Milton	&	Rodgers,	2013).	

2.2.1 Deep Vein Thrombosis (DVT) 
Venous	thrombosis	(thrombophlebitis)	is	when	a	blood	clot	(thrombus)	forms	in	
superficial-	 or	 deep	 vein,	 causing	 an	 inflammation	 in	 the	 vessel	 (Lilly,	 2015).	
Deep	 vein	 thrombosis	 or	 deep	 venous	 thrombosis	 (DVT)	 is	 most	 commonly	
formed	in	veins	of	the	calves	(Lilly,	2015).	DVT	can	cause	further	diseases;	such	
as	pulmonary	embolism	(PE)	and	posthlebitic/	post	thrombotic	syndrome	(PTS)	
(Lilly,	2015).	The	predispose	factors	for	a	DVT	to	form	are	called	Virchow’s	triad,	
which	 consists	 of	 stasis	 of	 blood	 flow,	 hypercoagulable	 states	 and	 vascular	
damage	(Lilly,	2015;	Brehmer-A.,	2011).	Vascular	damage	refers	 to	an	 injury	 in	

Overworking Prolonged	
Inactivity DVT Stroke



 6 

Stasis of Blood 
Flow 

the	vein	wall,	while	hypercoagulable	 states	means	 that	 the	blood	coagulates	 in	
the	vessel	more	easily,	 an	 imbalance	between	 coagulation	and	 fibrinolysis.	The	
figure	below	showcases	the	deep	veins	within	the	musculoskeletal,	where	blood	
clots	are	commonly	developed.		
 

Figure 4. The leg muscles and its deep veins, where DVT is commonly developed (Wolters Kluwer, 
2017) 

 
The	relevant	one	for	this	project	being	Stasis	of	blood	flow;	factors	that	slows	the	
flow	of	the	venous	due	to	a	prolonged	stationary	position	(Lilly,	2015;	Brehmer-
A.,	2011).	For	example,	prolonged	rest	after	surgeries	or	traveling	long	distances	
in	airplanes	or	cars	(Lilly,	2015;	Brehmer-A.,	2011).	It	also	occurs	if	there	is	high	
pressure	 on	 the	 veins,	 such	 as	 obesity	 or	 pregnancy	 (Lilly,	 2015).	 The	 figure	
below	maps	the	relationship	between	the	relevant	cause	and	effect	of	DVT.		
	
 

 
 
 
 
 

 
Figure 5. There are three factors that predisposes DVT, called Virchow’s triad, among them are “stasis 
of blood flow” (Lilly, 2015). The consequences of DVT can be posthlebitic syndrome, also known as 
post thrombotic syndrome (PTS), pulmonary embolism (PE) and silent pulmonary embolism (S-PE) 

(Lilly, 2015; García-Fuster et al., 2014). 

 
 
 
 

DVT

PTS PE

Death

S-PE
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2.2.2 Stroke  
Stroke,	 also	 known	 as	 cerebral	 infarction,	 is	 a	 fast	 focal	 disturbance	 on	 the	
brain’s	function	with	a	symptom	that	lasts	for	at	least	24	hours	or	causes	death,	
according	 to	World	Health	Organisation	 (WHO)	 (Gottsäter	et	 al.,	 2011).	Where	
the	 cause	 of	 death	 is	 clearly	 vascular	 (Gottsäter	 et	 al.,	 2011).	 Strokes	 are	
identified	as	 symptoms,	not	as	an	 independent	disease.	 Strokes	 can	be	divided	
into	 different	 categories;	 Ischemic-	 Subcortical-	 or	 Hemorrhagic	 Strokes	
(Gottsäter	 et	 al.,	 2011).	 	 The	 relevant	 one	 for	 this	 project	 being	 the	 Ischemic	
stroke,	as	they	occur	when	the	blood	flow	to	parts	of	the	brain	are	blocked.	Either	
by	 a	 blood	 clot	 (thrombus)	 being	 formed	 locally	 in	 a	 vessel,	 called	 thrombotic	
stroke,	or	by	 the	 thrombus	being	 formed	 in	another	vessel,	detaches	 itself	 and	
follows	with	the	blood	flow,	embolic	stroke.	This	study	 focuses	on	the	 inactivity	
and	the	formation	of	DVT	in	the	legs,	meaning	embolic	strokes,	as	mapped	out	on	
the	figure	down	below.	
 

 
Figure 6. Identifying the type of stroke that occurs to sedentary people, Ischemic stroke. It is also the 

most common type of stroke to occur generally, with an 85% (Gottsäter et al., 2011). 

2.2.3 Economy Class Syndrome   
Economy	class	syndrome	 (ECS),	 is	 a	 term	used	 for	describing	 the	 formation	of	
venous	 thrombosis	 during	 long	 air	 flights	 in	 the	 economy	 class	 (Dusse	 et	 al.,	
2017).	 This	 phenomenon	 is	 relevant	 for	 this	 project	 as	 the	 predispose	 factors	
match	the	current	problem;	occurrence	of	DVT	during	a	long	period	of	inactivity.		
When	looking	to	solve	a	problem	in	a	medium,	looking	at	somewhere	else	can	be	
advantageous,	as	it	can	break	the	restrictions	that	are	bound	to	the	medium	and	
utilizing	 years	 of	 studies	 that	 have	 been	 already	 conducted	 elsewhere.	 This	 is	
especially	true	to	designers,	as	they	do	not	always	have	the	fortunate	to	put	time	
into	experiments	and	studies	(Milton	&	Rodgers,	2013),	as	they	are	also	expected	
to	generate	concepts	and	prototypes.	
 
Factors	that	has	a	high	risk	of	causing	ECS	can	be	divided	into	two	categories;	the	
atmosphere	 and	 the	 passenger.	 For	 the	 atmosphere,	 are	 factors	 such	 as	
immobilization,	hypobaric	hypoxia	(lack	of	oxygen)	and	low	humidity	(amount	of	
water	vapour	in	the	air)	(Dusse	et	al.,	2017).	While	factors	that	comes	from	the	
passenger	 includes	 age,	 pregnancy,	 weight,	 oral	 contraceptives,	 infections,	
smoking	and	a	previous	history	with	cancer	or	thrombosis	(Dusse	et	al.,	2017).	
The	more	of	 those	 factors	 comes	 to	play,	 the	higher	 the	 chance	of	 a	passenger	
building	a	venous	thrombosis	(Dusse	et	al.,	2017).	The	precaution	or	treatment	
for	ECS	are	calf	muscle	exercises,	by	walking	frequently,	hydration	and	suitable	
cloths,	 such	as	elastic	 compression	stockings	 (Dusse	et	 al.,	 2017).	Even	Mendis	
(2002)	 who	 argues	 that	 there	 is	 a	 weak	 link	 between	 air	 travel	 and	 venous	
thrombosis,	suggest	leg	exercises	during	the	travel.		

Embolic	
Stroke

Hemorrhagic	
Stroke	

Ischemic	
Stroke
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2.2.4 Compression	therapy 
One	might	assume	that	vibration	mechanics,	such	as	vibration	chairs,	which	are	
supposed	 to	 be	 ergonomic	 by	 giving	 massage	 to	 the	 worn-out	 person,	 be	 a	
plausible	 solution	 to	 the	 blood	 circulation	 problem.	 However,	 studies	 have	
shown	 that	 these	 so-called	 vibration	 therapy	 could	 lead	 to	muscle	 fatigue	 and	
disc	 injuries	 (Andrade,	2013).	Currently,	 the	most	promising	treatment	 to	DVT	
and	other	cardiovascular	diseases	is	compression	stockings,	which	are	a	part	of	
the	compression	therapy	(Lim	&	Alun,	2014).	
	
The	mechanical	 appliances	 of	 graduated	 elastic	 compression	 stockings	 (GECS)	
are	 thorough	 exerting	 the	 greatest	 degree	 of	 pressure	 at	 the	 ankle,	 while	
gradually	decreasing	the	level	of	compression	up	to	the	calf	(Lim	&	Alun,	2014).	
This	practice	of	pressure	gradient	is	for	the	sake	of	letting	the	blood	flow	up	to	
the	 heart,	 rather	 than	 refluxing	 downward	 to	 the	 foot	 or	 the	 superficial	 veins	
(Lim	&	Alun,	2014).	The	compression	therapy	helps	by	pressing,	thus	narrowing	
the	veins’	diameter	in	the	legs	and	closing	the	gap	between	the	valves,	as	shown	
on	the	figure	below.	This	increases	the	volume	of	blood	flow	(Lim	&	Alun,	2014).	
 

         
 

Figure 7. Compression therapy helps veins with injured valves to close the gap between them, thus 
increasing the velocity and preventing backflow of the blood (Gottsäter et al., 2011; Lim & Alun, 

2014). 
 

A	study	to	test	 the	stockings’	effectiveness	to	symptomless	DVT	was	conducted	
with	231	air	travelers	that	were	traveling	more	than	8	hours	(Scurr	et	al.,	2001).	
The	 independent	variable	(Zechmeister,	1997)	were	one	group	wearing	class	1	
(<20	 mmHg)	 below-knee	 GECS,	 while	 another	 group	 that	 did	 not	 wear	 any	
compression	product.	The	results	were	positive,	the	GECS	were	likely	to	prevent	
symptomless	DVT	(Scurr	et	al.,	2001).	Using	GECS	is	usually	safe,	but	should	be	
used	with	caution,	as	they	may	induce	allergic	reaction	and	skin	necrosis	(Lim	&	
Alun,	2014).	
	
Maximizing	 the	 efficiency	 of	 compression	 therapy	 have	 been	 further	 studied	
throughout	 the	 years	 by	 Mosti	 and	 Partsch	 (2011;	 2012;	 2014).	 In	 short,	 the	
current	 compression	 stockings	 in	 the	 market,	 GECS	 also	 known	 as	 degressive	
stockings,	 have	 the	 highest	 pressure	 at	 the	 bottom	 and	 loosens	 gradually	
upwards,	as	illustrated	on	the	figure	below.	However,	by	reversing	the	pressure	
distribution;	having	higher	pressure	on	 the	 calf,	 proved	 to	be	more	efficient	 in	
increasing	 the	 venous	 ejection	 fraction	 from	 the	 leg,	 rather	 than	 having	 the	
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highest	pressure	gradually	 lessen	 from	bottom	to	top	(Mosti	&	Partsch, 	2011).	
Mosti	&	Partsch	calls	them	progressive	elastic	compression	stockings	(PECS),	as	
they	 have	 a	 negative	 pressure	 gradient	 in	 comparison	 to	 the	 traditional	 GECS	
(Mosti	&	Partsch,	2014).	Couzan	et	al.	argues	that	GECS	and	PECS	seems	to	be	as	
efficient,	 but	 even	 states	 that	 PECS	 have	 had	greater	 observance	 through	 their	
studies	(2009).	
	

Figure 8. to the left, GECS, the current compression stocking sold in the market. To the right, PECS, a 
new concept of compression therapy that seems to have greater efficacy. The arrows are representative 

of the gradual pressure difference and does not equal the same values but flipped. 
 

Furthermore,	 by	 applying	 two	 PECS	 on	 top	 of	 each	 other,	 the	 efficacy	 of	 the	
venous	pump	function	increased	in	patients	with	venous	diseases,	by	having	46	
[mmHg]	pressure	at	calf	and	33	[mmHg]	below	the	calf,	the	gaiter	area	(Mosti	&	
Partsch,	2014).	Besides	the	increased	efficacy	of	the	venous	pump,	which	is	the	
key	to	many	treatments	to	cardiovascular	diseases,	PECS	provides	an	easy	self-
applied	 treatment	 (Mosti	 &	 Partsch,	 2014).	 The	 efficiency	 of	 PECS	 could	 be	
compared	to	the	 inelastic	bandage,	 the	difference	being	that	 inelastic	bandages	
requires	extra	assistance	from	an	expert	doctor	(Mosti	&	Partsch,	2014).	That	is	
to	say,	PECS	could	find	a	void	in	the	market,	with	its	efficiency	and	accessibility.	

2.2.5 Bernoulli's principle 
The	compression	stockings’	goal	was	to	 increase	the	velocity	of	 the	blood	flow,	
by	applying	a	higher	pressure	at	 the	veins	and	decreasing	their	cross-sectional	
area.	 However,	 that	 contradicts	 Bernoulli's	 equation,	 one	 of	 the	 fundamentals	
principles	 of	 fluid	 dynamics.	 So,	 the	 principle	 has	 to	 be	 explored	 in	 order	 to	
understand	the	relationship	between	pressure,	velocity	and	energy	in	the	blood	
flow.	The	fundamental	idea	is	that	an	uncompressible	flow	of	gas	or	fluid,	inside	
a	 body,	 has	 an	 inverse	 proportional	 relationship	 between	 the	 pressure	 and	
velocity,	 meaning	 if	 the	 fluid	 pressure	 is	 high	 in	 one	 area,	 its	 velocity	 will	 be	
lower	 at	 the	 same	 area,	 and	 vice	 versa	 (Çengel	 et	 al.,	 2017).	 However,	 this	
principle	 only	 applies	 to	 internal	 relationship	between	 fluids,	 that	 is	 to	 say	 an	
external	 interference,	 such	 as	 a	 collision	 does	 not	 apply	 to	 this	 phenomenon	
(Smith,	1973).	Additionally,	the	flow	has	to	be	laminar	and	not	turbulent	(Çengel	
et	al.,	2017).	In	order	to	maintain	a	laminar	flow,	no	obstacles	inside	the	tube	has	
to	exist,	or	at	least	be	in	a	negligible	size	to	the	cross-sectional	area.		
	
The	 first	 thing	 that	 indicates	 a	 contradiction	 to	 the	 principle	 and	 the	
cardiovascular	system	is	the	requirement	of	the	laminar	flow,	as	the	flow	in	the	
veins	 are	 not	 constant,	 rather	 pump	 like	 due	 to	 the	 heart	 beat.	 Secondly,	 the	
cardiovascular	system’s	cross-sectional	area	varies	and	splits	into	many	different	
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branches	to	nutrition	the	body,	which	makes	it	hard	to	maintain	a	laminar	flow,	
not	 to	 mention	 the	 different	 nutritious	 the	 blood	 carries	 with	 it,	 which	 in	
comparison	 to	 the	 cross-sectional	 area,	 are	hardly	negligible,	 as	red	blood	cells	
can	 be	 in	 the	 same	 size	 in	 the	 capillaries’	 cross-sectional	 area.	 Lastly,	 the	
transition	from	aorta	to	capillaries	decreases	the	pressure	and	velocity,	despite	
the	transition	being	from	a	small	to	a	large	cross-sectional	area,	the	opposite	of	
Bernoulli's	 equation.	 Which	 is	 why	 a	 conclusion	 can	 be	 drawn	 that	 the	
Bernoulli's	principle	does	not	apply	to	 the	cardiovascular	system.	Meaning,	 the	
theory	behind	the	compression	stockings	can	still	be	carried	out	in	this	project.	
	
Another	 concept	 of	 thermodynamics	 is	 that	 pressure	 in	 a	 fluid-body	 increases	
only	with	depth	linearly,	regardless	of	geometry	(Çengel	et	al.,	2017).	That	is	to	
say,	pressure	decreases	in	an	upwards	direction	and	have	the	same	pressure	at	
all	 points	 horizontally	 (Çengel	 et	 al.,	 2017).	 This	 only	 applies	 if	 the	 geometry	
contains	only	the	same	type	of	fluid	and	density	(Çengel	et	al.,	2017).	However,	
this	principle	may	not	apply	to	the	human	body,	as	Stranden	et	al.	showed	that	
during	 activity,	 the	 pressure	 in	 the	 foot	 veins	 were	 lower	 than	 the	 calf	 veins	
(1986).		
	
In	short,	there	seems	to	be	more	factors	that	affects	the	pressure	in	the	veins,	as	
the	body	is	a	complex	system	that	adapts	to	its	environment	and	needs.	Simply	
applying	 the	 general	 concept	 of	 thermodynamics,	 as	 if	 the	 body	was	 a	 simple	
vessel	with	fluids	could	lead	to	unwanted	results.	GECS	seems	to	be	based	of	that,	
as	its	reasoning	behind	the	pressure	gradient	is	based	of	not	wanting	the	blood	
to	stagnate	below	the	calf	(Lim	&	Alun,	2014).	The	concept	of	GECS	supports	the	
thought	that	by	having	the	highest	pressure	below,	the	blood	can	be	squeezed	up	
to	the	heart	(Lim	&	Alun,	2014).	The	calf	muscle	could	also	be	the	reason	behind	
PECS’s	 effectives,	 as	 its	 huge	 volume	 could	 be	 absorbing	 a	 lot	 of	 the	 GECS’s	
pressure	 before	 it	 can	 reach	 the	 deep	 veins,	 besides	 its	 relatively	 small	
compression	pressure	compared	to	the	ankle.	So,	having	higher	pressure	at	the	
calf	muscles,	like	PECS,	will	not	stop	the	blood	beneath	as	a	lot	of	that	pressure	
will	be	absorbed.		

2.2.6 Muscle Pump Mechanism  
During	muscle	pump	inactivity	such	as	being	in	a	sitting	or	standing	position,	the	
blood’s	main	mechanism	 is	 to	 get	 a	 venous	 reflux,	 by	 drawing	 blood	 upwards	
from	 the	 foot	 and	 superficial	 veins	 (Gottsäter	 et	 al.,	 2011).	 The	muscle	 pump	
consists	 of	 muscles	 that	 surround	 the	 deep	 veins	 at	 the	 calf	 area,	 hence	 also	
known	as	the	calf	muscle	pump	(Gottsäter	et	al.,	2011).		While	it	functions	as	an	
additional	muscle	pump	 to	 the	 cardio	pump,	 it	would	not	be	achieved	without	
the	help	of	 the	elastic	 fibres	 in	the	veins,	called	elastin	(Foy	&	Oxford	Scientific	
Films,	 1982).	 The	 vessel	 stretches	 without	 permanent	 strain	 with	 the	 help	 of	
elastin,	to	act	as	a	second	pump	to	the	heart	(Foy	&	Oxford	Scientific	Films,	1982;	
Chalmers	et	al.,	1999).	
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Under	activity,	such	as	walking	or	standing	on	toes,	the	muscles	compresses	the	
deep	 veins,	making	 the	 blood	 flow	upwards,	while	 the	 vein	 valves	 keeps	 them	
from	 flowing	back	 (Gottsäter	et	 al.,	 2011),	 as	 illustrated	on	 the	 figure	below.	 If	
the	calves	are	injured	by	not	holding	tightly,	then	a	backflow	of	blood	in	the	veins	
occurs	 in	 sitting	 and	 standing	position	 (Gottsäter	 et	 al.,	 2011).	 This	 causes	 the	
blood	 to	 stagnate	 and	 could	 cause	 cardiovascular	 diseases,	 such	 as	 DVT	 and	
chronic	venous	insufficiency	(Gottsäter	et	al.,	2011;	Lilly,	2015).		
 
 

 
Figure 9. The calf muscle pump helps the blood to circulate, by expanding the calf muscle, thus 

compressing the veins and valves. This is mainly achieved by activities such as walking or lifting the 
heels (Gottsäter et al., 2011; Ricco, 2015). However, this is just a simplification taken mainly from 

Gottsäter et al (2011), a full walking cycle needs to occur in in order to have a full circulation, 
according to E. Stranden (Ricco, 2015). 

 
The	calf	muscle	pump	becomes	unable	to	compress	the	blood	alone,	because	of	
how	lose	the	valves	has	become	(Gottsäter	et	al.,	2011).	Additional	pressure	on	
the	leg	could	reach	the	veins	and	tightening	them,	thus	closing	the	gap	between	
the	damaged	valves	(Gottsäter	et	al.,	2011).	Which	makes	compression	stockings	
the	 main	 prominent	 treatment,	 according	 to	 Lilly	 (2015).	 Of	 course,	 exercises	
such	 as	 brisk	 walking	 at	 minimum	 for	 half	 an	 hour	 per	 day,	 is	 the	 optimal	
physical	 treatment	 against	 cardiovascular	mortality	 (Lilly,	 2015).	 Though	 that	
could	be	hard	to	perform	as	a	post	treatment	to	cardiovascular	diseases,	as	the	
patient	will	likely	be	on	the	hospital	bed	before	realizing	the	development	of	the	
disease	 and	 having	 the	 decision	 to	 take	 action.	 Nonetheless,	 30	minutes	 brisk	
walking	 equals	 roughly	 2	 300	 steps.	 Meaning	 the	 calf	 pump	 would	 have	
compressed	the	same	amount.	A	product	that	helps	by	pressing	the	calf	muscles	
2	 300	 times	 a	 day	 could	 prove	 useful	 to	 recreate	 the	 same	 blood	 circulation	
effect.	 However,	 the	 same	 chemical	 reactions	 a	 body	 produces	 during	 activity	
will	 most	 likely	 not	 be	 replicated,	 such	 enhancing	 the	 insulin	 sensitivity	 and	
endothelial	production	of	Nitric	oxide	(Lilly,	2015).	
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2.2.7 Potential Energy 
The	topic	of	a	standing	and	sitting	working	environment	should	also	be	explored.	
As	 previously	 shown,	 aside	 from	 the	 heart	 muscle	 pump,	 another	 important	
muscle	plays	the	role	of	circulating	the	blood;	the	calf	muscle	pump.	It	requires	
foot	 articulation	 in	 order	 to	 press	 on	 the	 deep	 veins.	 This	 could	 mean	 that	
standing	 and	 sitting	 have	 the	 same	 unhealthy	 effect,	 as	 both	 have	 the	 same	
natural	foot	angle	under	a	prolonged	time.	However,	the	distances	between	the	
heart	 and	 the	 foot	 varies.	 As	 in	 a	 sitting	 position	 the	 heart’s	 distance	 will	 be	
closer	to	the	foot,	requiring	less	energy	for	the	blood	to	travel	around,	according	
to	the	law	of	potential	energy;	U	=	m*g*h.	See	the	figure	down	below.		
 
 

 
Figure 10. The height difference between the heart and the foot in a standing and sitting working 

environment. Were H2>H1, meaning standing requires more energy to circulate the blood.   
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2.2.8 Tension Concentrations  
Other	 pressures	 to	 keep	 in	 mind	 are	 the	 ones	 that	 occurs	 in	 the	 vessels	 and	
tissues	during	a	sitting	position.	As	a	normal	sitting	posture	causes	the	body	to	
fold	two	times,	at	the	hip	and	knees.	Modern	chairs	try	reduce	the	pressure	at	the	
back	of	 the	 knee	area,	by	designing	a	 curved	 seat	pan	 (Andrade,	2013),	 rather	
than	 a	 perpendicular.	 The	 figure	 below	 showcases	 a	 curved	 seat	 pan,	 in	
comparison	 to	 the	 figure	 with	 perpendicular	 seat	 pan	 above.	 In	 short,	 the	
envisioned	product	should	pursue	a	position	that	stretches	the	legs.	
 

 
 

Figure 11. The red dashed circles showcase the additional pressure that befalls on the veins during 
sedentary activity. Certain chairs’ seat pan is designed as a curvature, as illustrated by the green arrow, 

to reduce the pressure at the back of the knee area, or the so called sitting stress, thus avoiding 
stagnation, which contributes to the development of DVT (Andrade, 2013). 

 

2.2.9 Conclusion  
In	 order	 to	 decrease	 the	mortality	 of	 people	who	 are	working	 in	 a	 prolonged	
inactivity	that	causes	DVT	and	other	cardiovascular	diseases,	the	diameter	of	the	
legs’	 deep	 veins	 needs	 to	 be	 narrowed.	 This	 can	 be	 achieved	 by	 compression	
therapy,	 such	 as	 elastic	 compression	 stockings.	 Studies	 have	 shown,	 however,	
that	 the	 efficiency	 of	 compression	 stockings	 can	 be	 greater	 if	 the	 compression	
gradient	has	the	highest	pressure	at	the	calf,	in	contrast	to	today’s	market	where	
the	highest-pressure	rests	on	the	ankle.			
 
Blood	 circulation	 also	 highly	 depends	 on	 the	 whole	 body’s	 muscle	 pump,	 not	
only	the	heart’s	muscle	pump.	Calf	muscle	pump	being	the	most	relevant	one,	as	
the	 blood	 props	 are	 commonly	 developed	 there.	 The	 calf	 muscle	 pump’s	
mechanism	is	under	the	same	activity	during	sitting	and	standing	position,	as	it	
highly	 depends	 on	 the	 angle	 of	 the	 foot.	 However,	 even	 if	 the	 muscle	 pump’s	
function	 will	 be	 the	 same,	 the	 heart	 muscle	 pump	 will	 not.	 During	 standing	
position,	 the	 heart	will	 be	 under	more	 strain,	 as	 the	 distance	 (h)	 between	 the	
heart	 and	 the	 foot	 becomes	wider,	 causing	 the	 heart	muscle	 pump	 to	 become	
more	 active	 and	 requiring	 more	 energy	 in	 order	 to	 circulate	 the	 blood	
throughout	the	entire	body,	according	to	the	law	of	potential	energy;	U	=	m*g*h.		
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2.3 China’s Overworld 
During	 a	 design	 process,	 a	 product	 designer	 has	 to	 consider	 different	 types	 of	
aspects	 in	 the	 overworld,	 both	 in	 a	 micro-	 and	 macroscopic	 level	 (Wikberg-
Nilssons	 et	 al.,	 2015).	 These	 aspects	 can	 come	 in	 the	 form	 of	 analysis	 of	 the	
intended	demographics’	anthropometry,	age,	culture,	ecology,	political	and	social	
perspectives,	 the	 current	 economy	 and	 technology	 (Wikberg-Nilssons	 et	 al.,	
2015).	This	aspect	of	the	design	process	is	especially	handled	cautiously	in	this	
project,	 as	 its	 intended	 demographic	 is	 foreign	 and	 could	 be	 misinterpreted,	
which	is	why	this	section	will	later	be	complemented	by	the	qualitative	study.	
	
It	 is	 of	 importance	 to	 not	 make	 the	 mistake	 of	 developing	 the	 product	 to	 a	
western	 audience	 but	 made	 in	 China.	 This	 study	 aims	 to	 develop	 an	
understanding	of	China’s	goals,	with	respect,	in	order	to	contribute	to	them,	and	
hopefully	 contribute	 globally.	 It	 should	 be	 noted	 that	 the	 field	 study	 was	
conducted	 in	 south	 China,	 in	 Guangzhou.	 Meaning	 that	 an	 unintended	
generalization	of	the	whole	country	could	occur,	by	just	being	in	one	city.	Which	
is	 why	 it’s	 important	 to	 complement	 the	 field	 study	 with	 other	 type	 of	
information	and	databases.		

2.3.1 Sustainable Development Goals 
In	order	to	develop	a	product	to	a	foreign	country,	its	current	goals	and	its	past	
history	have	to	be	taken	into	considerations,	and	not	only	its	current	state.	China	
has	been	active	in	contributing	to	sustainable	development.	The	United	Nation’s	
(UN)	17	new	Sustainable	Development	Goals	(SDGs),	also	known	as	the	Agenda	
2030,	were	goals	adopted	by	the	Member	States	of	the	United	Nation,	including	
the	republic	of	China,	back	in	2015	(UN,	2017).	Agenda	2030	consist	in	general	of	
four	mayor	goals	to	be	achieved	by	the	end	of	the	year	2030;	eliminating	extreme	
poverty,	 reduce	 inequalities	 in	 the	 world,	 solving	 the	 climate	 crisis	 and	 to	
promote	peace	and	justice	(UNDP,	2018).	China	has	declared	that	it	will	focus	on	
poverty,	 equity,	 governance,	 environment,	 energy,	 disaster	 management,	
advocacy,	innovation	and	global	corporation	(UNDP,	2018).		
 
Looking	at	this	design	project’s	overall	mission,	the	main	focus	is	to	contribute	to	
the	 SDG’s	 number	 3,	 good	 health	 and	well-being,	 by	 decreasing	 the	 premature	
deaths.	One	might	argue	that	it	will	also	be	contributing	to	goal	number	8,	decent	
work	and	economic	growth,	by	keeping	the	workers	healthy.	These	two	goals	can	
be	 seen	 at	 the	 top	 row	 of	 the	 figure	 below.	 However,	 producing	 a	 physical	
product	 will	 have	 an	 environmental	 impact	 depending	 on	 the	 choices	 of	
materials,	carbon	dioxide	emissions,	disposal	at	the	end	of	its	life	cycle,	etcetera.	
Those	 choices	will	 influence	 the	 SDGs	 number	 6,	 12,	13	 and	 14.	Which	 is	why	
they	need	to	be	addressed	early	on,	in	order	to	make	a	product	specification,	that	
supports	 green-	 and	 low-carbon	 development,	 which	 protects	 the	 ecological	
system.	
 



 15 

 

 
Figure 12. The SDGs this project will be contributing to. Top row being the project’s main goal and the 

bottom row being the goals to the product’s life cycle (UN, 2017). 

2.3.2 Resources and Challenges 
China’s	 access	 to	 their	 natural	 resources	 were	 studied	 along	 with	 their	
production	output.	Relevant	information	has	been	grouped	together	in	the	table	
below,	 provided	 by	 CIA	 (2018).	 In	 short,	 to	weight	 in	 the	 possibilities	 that	 the	
product	can	take	shape	of,	specific	information	was	gathered	to	show	the	land’s	
access,	desired-	and	undesired	outputs.		
 
Table 1. The current state of China. Its privilege, accomplishments and challenges (CIA, 2018). Topics 

that will be brought up later are underlined. 
Environmental Structure  

Natural resources: Coal, iron ore, petroleum, natural gas, mercury, tin, tungsten, 
antimony, manganese, molybdenum, vanadium, magnetite, aluminum, 
lead, zinc, rare earth elements, uranium, hydropower potential (world's 
largest), arable land 

Climate: Extremely diverse; tropical in south to subarctic in north 
Terrain: Mostly mountains, high plateaus, deserts in west; plains, deltas, and 

hills in east 
Land Use: Agricultural land: 54.7% 

arable land 11.3%; permanent crops 1.6%; permanent pasture 41.8% 
Forest: 22.3% 
Other: 23% (2011 est.) 
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Industry and Production 
Agriculture:  World leader in gross value of agricultural output; rice, wheat, 

potatoes, corn, tobacco, peanuts, tea, apples, cotton, pork, mutton, 
eggs; fish, shrimp 

Industries: World leader in gross value of industrial output; mining and ore 
processing, iron, steel, aluminum, and other metals, coal; machine 
building; armaments; textiles and apparel; petroleum; cement; 
chemicals; fertilizer; consumer products (including footwear, toys, and 
electronics); food processing; transportation equipment, including 
automobiles, railcars and locomotives, ships, aircraft; 
telecommunications equipment, commercial space launch vehicles, 
satellites 

Labor force –  
by occupation: 

Agriculture: 28.3% 
Industry: 29.3% 
Services: 42.4% 
(2016 est.) 

Environmental Hazards 
Natural Hazards: Frequent typhoons (about five per year along southern and eastern 

coasts); damaging floods; tsunamis; earthquakes; droughts; land 
subsidence. 
Volcanism: China contains some historically active volcanoes 
including Changbaishan (also known as Baitoushan, Baegdu, or 
p'aektu-san), Hainan Dao, and Kunlun although most have been 
relatively inactive in recent centuries 

Environment Issues:  Air pollution (greenhouse gases, sulfur dioxide particulates) from 
reliance on coal produces acid rain; China is the world's largest 
single emitter of carbon dioxide from the burning of fossil fuels; 
water shortages, particularly in the north; water pollution from 
untreated wastes; coastal destruction due to land reclamation, industrial 
development, and aquaculture; deforestation and habitat destruction; 
poor land management leads to soil erosion, landslides, floods, 
droughts, dust storms and desertification; trade in endangered species 

 

2.3.3 Anthropometry 
In	order	to	develop	a	product	with	a	close	physical	user	interaction,	specific	body	
measurement	 have	 to	 be	made.	 In	 this	 case,	 the	 vertical	 distance	 between	 the	
floor	and	the	popliteal	(back	of	the	knee)	area,	the	so	called	the	popliteal	height	
(Lin	et	al,	2004),	see	the	figure	below.	As	the	current	issue	handles	people	with	
sedentary	 lifestyle,	 the	 popliteal	 height	 with	 a	 sitting	 position	 should	 be	
measured.		
 

 
Figure 13. The popliteal height in a sitting position. The popliteal height refers to the distance from the 

floor to the back of the knee. 
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While	China	has	collected	anthropometric	data	back	in	1988,	it	was	found	out	to	
be	 outdated	 by	 Daniella	 et	 al.	 (2012).	 They	 discovered	 that	while	 the	 Chinese	
males	were	still	smaller,	thinner	and	lighter	than	western	males,	they	had	grown	
taller,	broader	and	heavier	from	what	the	Chinese	1988	database	had	registered.	
However,	 Daniella	 et	 al.	 flaw	 lies	 in	 its	 number	 of	 participants,	 with	 only	 80	
persons	measured	(Daniella	et	al.,	2012).	The	1988’s	recorded	mean	stature	for	
the	Chinese	popliteal	height	in	sitting	position	were	413	mm	for	males	and	382	
mm	 for	 females	 (Lin	 et	 al.,	 2004).	 Making	 it	 on	 average	 397,5	 mm,	 with	 a	
standard	 deviation	 of	 ±	 15,5	 mm.	 While	 Daniella	 et	 al.	 (2012)	 number	 of	
participant	were	smaller	in	comparison	to	the	old	domestic	Chinese	database,	an	
average	 height	 and	 weight	 increase	 of	 5	 cm	 and	 15	 kg	 sounds	 plausible,	 and	
could	prove	problematic	for	the	developed	product,	but	it	lacks	the	stature	of	the	
popliteal	 height	 in	 its	 study.	 Which	 makes	 it	 an	 unsuitable	 source	 of	 an	
anthropometric	data,	for	this	project.	The	rest	of	the	relevant	anatomy	measures	
will	be	referred	on	the	product	specification	below,	with	Lin	et	al.	(2004)	as	the	
source.	The	standard	deviation	will	be	handled	as	shown	in	this	section.	

2.4 Competitor Product Analysis  
A	 comparison	 of	 the	 potential	 competitor	 products	 will	 be	 analyzed	 and	
discussed	here.	

2.4.1 Elastic Compression Stockings 
Three	gradual	elastic	compression	stockings	(GECS)	were	inspected	during	this	
project	 (see	 figure	 below).	 Two	 around	 class	 1	 and	 one	 nearby	 class	 2	
compression	pressure,	as	 there	 is	not	a	universal	standard	(Lim	&	Alun,	2014).	
PECS	 were	 nowhere	 to	 be	 found	 on	 the	 market.	 According	 to	 Apoteas’	
description	for	Funq	Wear,	the	stockings	should	be	rinsed	or	washed	after	each	
use	 to	 preserve	 the	 compression	 (2018).	 This	 is	 probably	 the	 case	 for	 every	
stocking,	as	textiles	stretches,	but	can	shrink	after	washes.	
	

 
 

Figure 14. From left to right, on the left picture: Funq Wear, Gococo, and Mabs compression stockings. 
The image to the right was accessed from Apotea (2018). 

 
Their	packaging	is	all	unique,	two	are	made	out	of	plastic,	while	Gococo	is	only	
wrapped	 around	 cardboard.	 It	 should	 be	 noted	 that	 stockings	 are	 hygiene	
products,	 thus	 cannot	 be	 returned	 ones	 the	 package	 has	 been	 opened	 or	
destroyed	 (Apotea,	 2008).	 In	 that	 aspect,	 Funq	 Wear	 provides	 the	 highest	
protection,	 as	 the	 plastic	 has	 to	 ripped	 apart	 to	 be	 opened,	 while	 Gococo	
provides	 the	 least	 protection,	 as	 the	 cardboard	 can	 easily	 be	 ripped	 apart	 by	
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accident.	This	is	important,	not	only	for	the	client	to	feel	secure	from	a	hygiene	
perspective,	 but	 also	 for	 the	 manufacturer,	 as	 the	 packages	 can	 be	 slightly	
injured	during	 transportation,	which	 could	 result	 to	many	unsellable	products.	
Interestingly,	 Funq	Wear	 is	 the	 only	 one	who	 supports	 green	 development,	 as	
evident	by	their	“organic	cotton”	marketing,	despite	 that	uses	plastic	materials,	
when	their	competitor,	Gococo,	uses	cardboards.	This	could	have	been	a	critical	
trade-off	from	Funq	Wear’s	side,	to	keep	their	product	highly	protected.	Mabs	is	
in	the	middle	ground,	probably	achieving	the	least	of	two.	It	uses	plastic,	yet	its	
protection	 is	 lacking,	as	 the	product	can	be	accessed	by	unzipping	the	package.	
Although,	the	usage	of	plastic	still	gives	it	advantages	in	a	rough	transportation	
situation	or	accident.	A	 comparison	 table	between	 the	 three	discussed	GECS	 is	
shown	below.	

 
Table 2. A product comparison table from three different companies; Funq Wear, Gococo, and Mabs. 

Information was accessed from Apotea (2018). 
 

Product Materials Minimum 
Price Tag Class Special 

Attributes 

Funq Wear, Organic 
Cotton Medical 

Kneesocks 

55% Organic Cotton. 
30% Polyamide. 
15% Elastane 
(Lycra). 

150 SEK 
1; 

18-21 
mmHg 

Organic Cotton 
 

Gococo, Compression 
Superior Air 

83% Polyamide. 
13% Polyester (37,5 
Technology). 
4% Elastane (Lycra). 

300 SEK 

2;  
15-27 
mmHg 

 

Airy; Fits Warm 
Climates.  

Dries Quick. 

Mabs Cotton 
Kneesocks 

63% Cotton. 
27% Polyamide. 
10% Elastane 
(Lycra). 

100 SEK 
1; 

15-21 
mmHg 

Cheapest 

 

2.4.2 Non-Elastic Bandages 
As	 previously	 discussed,	 the	 efficiency	 of	 PECS	 could	 be	 compared	 to	 the	 non-
elastic	 bandages,	 the	 difference	 being	 that	 non-elastic	 bandages	 requires	 extra	
assistance	from	an	expert	doctor	(Mosti	&	Partsch,	2014).	Their	price	can	range	
from	25-320	 USD/roll,	 depending	 on	 the	materials	 used,	 as	 some	 for	 example	
contains	 10%	 silver	 (Lymphedema	 Products,	 2018).	 The	 pictures	 down	 below	
show	typical	non-elastic	bandages.	
 

 
Figure 15. Medical non-elastic bandages. The bandage to the right contains 10% silver (Lymphedema 

Products, 2018).  
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2.4.3 Medical Pneumatic Devices 
There	 are	medical	 products,	 based	 on	 pneumatics,	 that	 is	 to	 say,	 air	 pressure	
mechanics.	 These	 take	 the	 same	 concept	 of	 compression	 therapy	 and	
compression	stockings	and	apply	 force	to	 the	 leg	 in	order	to	narrow	the	veins’	
diameter.	Although,	 their	gradual	pressure	distribution	 is	still	based	on	the	old	
GECS’s	principle,	as	seen	on	the	figure	below.	Having	the	highest	pressure	at	the	
foot,	 and	 gradually	 loosens	 upwards.	 It	 should	 be	 noted	 that	 the	 common	
product	reaches	up	beyond	the	knee	and	covers	the	whole	leg.		
 

 
Figure 16. Medical pneumatic devices. The upper left is taken from the commercial site BioHorizon 

(2018). The other two comes from a competitor, Tactile Medical (2018). 
 

2.4.4 Perceptual Mapping  
Perceptual	mapping	is	good	for	many	analyses	about	competitor	products,	in	this	
case	 for	 finding	gaps	 in	 the	market,	 in	order	 to	 launch	a	new	product	 into	 the	
market	(Milton	&	Rodgers,	2013).	It	can	also	be	used	for	the	opposite	reason,	to	
identify	 and	 compete	 with	 the	 current	 market	 (Milton	 &	 Rodgers,	 2013).	 A	
perceptual	mapping	of	GECS,	non-elastic	bandages	and	pneumatic	devices	can	be	
seen	below,	compering	the	price	and	aesthetic	look.		
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Figure 17. A re-interpretation of Milton & Rodgers’ Perceptual mapping (2013). While it has many 

usages, it comes generally down to avoiding demand void, by identifying the current market of (Milton 
& Rodgers, 2013).  

 
The	three	most	prominent	and	unique	types	of	compression	therapy:	stockings,	
non-elastic	 bandages	 and	 pneumatic	 devices	 were	 compered	 from	 a	 currency	
and	appearance	perspective	(Lim	&	Alun,	2014).	The	stockings	price	ranges	from	
100-300	SEK	and	are	quite	discreet	if	a	user	wants	to	use	them	in	their	working	
environment,	 as	 they	 look	 like	 normal	 stockings	 and	 will	 also	 be	 hidden	
underneath	the	trousers.	Non-elastic	bandages	have	a	price	range	around	70kr	
per	roll,	but	is	a	one-use	product,	meaning	that	it	is	a	high	variable	increase	with	
time.	While	bandages	are	most	likely	to	receive	great	attention	from	co-workers,	
as	 they	 are	 associated	 with	 illness,	 they	 can	 still	 be	 hidden	 under	 trousers.	
Pneumatic	 devices	 have	 a	 price	 range	 from	 20	 000	 to	 40	000	 SEK.	 The	 user	
wears	it	on	their	legs,	and	the	device	fills	it	with	air	to	compress	them.	It	is	by	far	
the	most	un-discreet	products,	as	it	looks	like	the	user	is	wearing	a	big	bed	sheet	
on	their	legs.	It	also	gives	the	visual	feeling	that	the	user	is	a	patient,	as	they	are	
lying	on	the	sofa	or	bed.	Something	the	stockings	does	not	and	bandages	to	some	
extent.	 The	 user	 probably	 needs	 to	 lie	 down	 not	 because	 of	 a	 medical	
requirement,	but	as	a	result	of	having	the	product	reach	beyond	the	knee,	which	
restrict	the	knee	articulation.	All	these	three	products	follow	the	GECS	pressure	
gradient;	highest	pressure	at	the	bottom.	
  

Radical

Expensive

Conservative

Affordable

Elastic	Compression
Stockings

Non-Elastic	Bandages

Medical	Pneumatic	Devices
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3 Field Study  
Situations	 where	 qualitative	 studies	 shines	 are	 for	 cases	 where	 the	
measurements	 and	 data	 collection	 disrupt	 the	 natural	 environment	 of	 the	
operation	or	examining	a	phenomenon	where	no	valid	measurement	has	been	
developed	or	conducted	(Patton,	2002).	All	of	this	are	factors	that	applies	for	this	
project,	which	is	why	this	type	of	inquiry	was	chosen.	The	purpose	of	this	study	
is	 to	gain	knowledge	and	an	understanding	of	the	target	group’s	needs,	natural	
environments,	 and	daily	 interaction	 in	order	 to	 close	 the	gap	between	 the	end	
product’s	specification	and	 the	 target	groups’	needs	and	wishes.	But,	 there	are	
some	 trade-offs	 for	 constructing	 a	 qualitative	 study,	 such	 as	 focusing	 on	 few	
questions	in	great	depth	or	seeking	many	answers;	prioritizing	breadth	(Patton,	
2002).	 These	 decisions	 should	 be	 chosen	 depending	 on	 the	 purpose	 of	 the	
inquiry,	 typologies	 (Patton,	 2002).	 As	 different	 typology	 leads	 to	 different	
problem	 construction,	 types	 of	 data	 gathering,	 etcetera	 (Patton,	 2002).	 The	
selected	 typology	 for	 this	 project	 is	 action	 research,	 as	 it	 focuses	 on	 solving	
problems	 as	 fast	 as	 possible	 within	 an	 organization,	 community	 or	 a	 product	
(Patton,	2002).		Contrary	to	others	typologies,	such	as	basic	research	or	applied	
research	which	goals	are	to	contribute	to	theories	(Patton,	2002).	Having	a	clear	
purpose	 established,	 central	 questions	 can	 be	 selected.	 There	 are	 four	 suited	
candidates	 for	 the	 purpose	 of	 this	 inquiry;	 Ethnography,	 Heuristic	 Inquiry,	
Hermeneutics	and	Ecological	Psychology	(Patton,	2002).	The	study	will	also	be	
taking	Chaos	Theory	into	account	(Patton,	2002).	
 
It	 should	 be	 mentioned,	 that	 this	 framing	 of	 the	 study	 causes,	 as	 the	
hermeneutics	calls	 it,	building	a	reality,	 that	 is	 to	say	a	biased	 interpretation	of	
the	 data	 and	 participants	 will	 always	 be	 present	 and	 vary	 from	 different	
scholars,	 as	 human’s	 perception	 varies	 even	 while	 looking	 at	 the	 same	 object	
(Patton,	 2002).	 	 That	 bias	 originates	 mostly	 from	 the	 scholar’s	 interests,	
background	 and	 culture,	 but	 can	 be	 improved	 by	 observing	 systematically	
(Patton,	2002).			

3.1 Sampling  
Sampling	 is	 used	 to	 receive	 information	 about	 the	 representative	 target	 group	
(Milton	&	Rodgers,	2013).	The	sample	is	a	selected	subset	of	individuals	within	a	
population	that	can	be	used	to	generalize	and	describe	the	rest	of	 the	 intended	
individuals	(Milton	&	Rodgers,	2013).	While	a	simple	random	sampling	 is	good	
for	creating	a	generalization	of	a	population	and	minimizing	sampling	error	such	
as	sampling	bias,	it	is	unsuited	for	the	purpose	of	this	inquiry	(Patton,	2002).	The	
reason	being	that	the	purpose	of	this	study	is	to	generalize	a	phenomenon	to	the	
rest	 of	 the	 target	 group,	 not	 a	 generalization	 of	 a	 population.	 Which	 is	 why	
purposeful	sampling	 (also	 known	 as	 purposive	 or	 judgement	 sampling)	will	 be	
used;	a	selective	information-rich	sampling,	focusing	on	gathering	an	insight	of	a	
phenomenon	(Patton,	2002).	Having	a	smaller	sample	of	special	cases	provides	
more	 accurate	 data	 (Milton	 &	 Rodgers,	 2013),	 if	 chosen	 strategically	 (Patton,	
2002).	 It	is	also	more	convenient	 for	professions	such	as	designers,	as	 they	are	
typically	not	in	a	position	to	conduct	a	huge	survey,	for	reasons	such	as	time	and	
money	(Milton	&	Rodgers,	2013).		
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Five	types	of	purposeful	sampling	were	used	throughout	the	project;	Snowball-,	
Extreme-,	Intensity-,	Critical	Case-	and	Criterion	sampling	(see	figure	18	below).	
Firstly,	Snowball	sampling.	Fourteen	people	associated	with	the	IT	industry	and	
fourteen	 people	 associated	 with	 the	 school	 of	 health	 and	 education	 in	 a	
university	 were	 contacted	 through	 emails,	 verbal	 communication	 and	WeChat	
messages.	 Reason	 for	 targeting	 those	 two	 branches	 being	 that	 they	 both	 fitted	
the	 target	 group;	 occupations	 associated	 by	 the	 phenomenon,	 as	 stated	
previously	 in	 the	 introduction/background	 section.	The	IT	group	were	asked	to	
rank	 their	 top	 three	 IT	 companies	 that	 they	 thought	 had	 the	 best	 working	
“discipline”	on	their	street.	Which	was	a	way	of	asking	 for	a	company	with	the	
highest	working	 hours,	without	 using	 pre-loaded	words,	 such	 as	 overworking.	
Similarly,	the	university	group	were	asked	which	university	in	the	city	required	
the	highest	discipline,	in	order	to	keep	up	with	the	competence.	The	distance	for	
the	email	distribution	reached	around	1	km	in	diameter,	as	it	was	important	to	
put	limits	geographically,	as	people	would	likely	recommend	organizations	that	
they	 have	 encountered	 or	 are	 associated	with.	 The	 limiter	was	 needed	 as	 the	
purpose	 of	 the	 snowball	 sampling	 is	 to	 recognize	 patterns	 from	 the	 answers,	
asking	people	from	different	territories	would	have	provided	too	many	different	
answers.		
	
After	gathering	the	answers	and	sought	that	they	all	fitted	the	target	group,	the	
sample	selection	began.	The	one	that	ranked	most	frequently	in	number	one	as	
the	 highest	 discipline	 across	 both	 branches,	 were	 an	 IT	 office.	 That	 office	
branched	off	to	become	the	extreme	sample.	While	the	most	frequent	occurring	
office/university	 ranking	 in	 the	 second	 and	 third	 place	 in	 “discipline”	 were	
assigned	 as	 the	 intensity	 sampling.	 Extreme-,	 also	 known	 as	 Deviant	 case	
sampling,	is	about	selecting	unusual	cases	that	are	outstanding	in	what	is	sought,	
which	 can	 be	 a	 strength	 or	 a	 weakness.	 In	 this	 case,	 overworking	 to	 the	
“extreme”	 will	 likely	 be	 so	 unusual	 that	 it	 cannot	 be	 applied	 for	 the	 majority	
overworking	population,	and	a	sample	that	are	working	for	so	long	will	likely	not	
have	time	to	be	interviewed.	That	being	said,	observing	an	extreme	version	of	a	
phenomenon	will	likely	make	patterns	easier	to	recognize,	in	comparison	to	the	
intensity	 sampling,	 which	 is	 about	 seeking	 information-rich	 cases	 of	 the	
phenomenon	that	are	not	too	unusual.	The	idea	is	that	the	pattern	exists	in	both	
of	the	samples,	but	observing	the	extreme	one	will	be	more	beneficial,	as	it	will	
be	like	maximizing	the	saturation	of	the	intensity	sample’s	colour,	thus	making	it	
easier	to	recognize.	 
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Figure 18.  The choice of sampling and qualitative data methods. 
 
 

By	handing	out	questionnaires	to	 the	 intensity	sample,	as	 they	have	more	time	
for	that,	than	the	extreme	sample,	a	criterion	sample	will	be	able	to	formed,	from	
the	questions	the	participants	have	unchecked.	A	criterion	sample	is	a	group	of	
individuals	that	meets	a	certain	criterion	(Patton,	2002),	which	in	this	case	was	
the	 amount	 of	 days	 the	 user	 had	 felt	 exhausted	 from	 their	 work.	 Participants	
were	asked	at	the	end	of	the	questionnaires	if	they	were	interested	to	continue	
with	the	study	in	the	form	of	an	interview,	and	if	so,	that	they	could	leave	their	
contact	information,	for	a	possible	follow-up.	
 
The	interview	was	conducted	in	the	form	of	a	semi-structured	interview,	which	
was	held	with	only	one	participant,	but	having	strategically	narrowed	down	the	
sample,	the	logic	of	critical	case	sampling	can	be	applied;	“if	it	happens	there,	it	
will	 happen	 anywhere”,	 which	 supports	 the	 idea	 of	 having	 one	 impactful	
convincing	case,	creating	a	logical	generalization	(Patton,	2002).	The	interviewee	
happened	to	be	a	medical	student/practitioner,	meaning	he	will	be	in	the	same	
occupation	 of	 the	 common	 group	 of	 victims	 soon.	 Additionally,	 the	 user	 had	
problems	with	his	left	leg,	which	makes	the	critical	sample	all	more	valid.	Lastly,	
by	 using	 this	 structure,	 sampling	 purposefully	 and	 gathering	 different	 kind	 of	
data;	 observation,	 interviews,	 and	 questionnaires,	 a	 cross-validation	 will	 be	
achieved	(Patton,	2002).	
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3.2 Direct Observation 
Interviews	and	questionnaires	help	the	designer	identify	that	there	is	a	problem,	
but	not	so	much	why.	Thus,	 an	expert	 in	 the	 field	have	 to	observe	 the	users	 in	
their	 own	 environment	 in	 order	 to	 recognize	 patterns,	 as	 the	 inquirer	 has	 a	
greater	chance	of	discovering	things	that	may	routinely	go	unnoticed	among	the	
people	in	the	setting	(Patton,	2002).	This	is	mostly	due	to	when	people	engages	
in	a	daily	routine,	they	become	so	accustomed	to	their	setting	that	they	cease	to	
notice	the	important	nuance	(Patton,	2002).	
	
For	 describing	 the	 setting	 of	 the	 physical	 environment,	 adjectives	 such	 as	
beautiful	was	 avoided,	 as	 they	 are	 an	 interpretation,	 rather	 than	 a	 description	
(Patton,	 2002).	 The	 scholar	 should	 instead	 be	 using	 adjectives	 that	 are	
descriptive,	such	as	space,	colours,	purpose	(Patton,	2002).	An	example	of	using	
all	 three	would	be;	“the	blue	 library	room	had	40	meters	long	walls,	 lined	with	
books”.	The	nonverbal	communication	was	observed	as	well,	as	these	gives	clues	
about	 the	 social	 norms	 patterns	 and	 how	participants	 signal,	 gestures,	 behave	
and	 express	 themselves	 (Patton,	 2002).	 That	 being	 said,	 a	 follow	 up	 with	 the	
participants	should	be	made,	asking	about	 the	meaning	behind	the	gestures,	as	
nonverbal	 communications	 are	 easily	 misunderstood	 cross-culturally	 (Patton,	
2002).	
	
It	 should	 be	 noted,	 that	 the	 observer	 will	 also	 be	 observed,	 as	 observing	
participants	 can	 cause	 anxiety	 and	 self-conscious	 in	 their	 behaviors	 (Patton,	
2002).	 This	 might	 not	 be	 prominent	 for	 industry-cultures,	 such	 as	 car	
manufacturers,	 that	 are	 accustomed	 to	 strangers	 outside	 their	 organization	
visiting	 for	 errands,	 however	 it	 should	 be	 taken	 into	 account	 that	 the	 foreign	
scholarly	status	might	have	made	them	more	uncomfortable	than	usual.	Luckily,	
the	 chosen	 sample	 had	 their	 office	 open	 to	 the	 streets	 with	 doors	 open	 and	
customers	 going	 constantly	 in	 and	 out.	 Meaning	 that	 they	 should	 be	 used	 to	
unfamiliar	faces	watching	them.		
	
After	gathering	the	answers	from	what	the	snowball	sampling	had	generated,	as	
explained	previously	in	the	Sampling	section,	the	focus	of	the	observation	study	
was	chosen.	After	getting	permission	from	the	IT	office	that	seemed	most	suited	
for	the	study,	the	participants	in	that	office	had	now	become	the	extreme	sample.	
However,	the	office	wished	to	remain	anonymous	in	the	report	and	no	pictures	
were	allowed.	 In	order	 to	 leave	 little	 room	 for	misconception	about	general	 IT	
offices	 in	China,	 the	main	extreme	sample,	which	what	the	 findings	 is	based	off	
on,	were	compered	to	4	other	IT	offices.	It	turned	out	that	the	others	had	similar	
interiors,	 but	 not	 quite	 as	 “extreme”.	 As	 the	 chosen	 sample	 had	more	workers	
per	 given	 area.	 Meaning	 they	 were	 sitting	 tightly	 side	 by	 side	 to	 each	 other.	
Nevertheless,	 this	 made	 studying	 the	 extreme	 sample	 also	 a	 better	 case	
according	 the	 school	 of	 thought	 of	 inclusive	 design,	 also	 known	 as	 Universal	
Design.	As	designing	a	product	to	those	with	restricted	movements	in	mind,	such	
as	elderly	or	disabled	will	not	only	increase	the	accessibility	and	thus	decreasing	
the	product	interaction	frustration	to	the	disabled,	but	also	to	those	people	that	
already	can	use	such	products	effortlessly	(Vavik,	2009).			
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3.2.1 Findings from the Extreme Sample 
The	majority	of	 the	 target	 group	 seemed	 to	 use	 stools	 rather	 than	 four	 legged	
chairs,	 with	 the	 extreme	 sample	 having	 such	 a	 tight	 working	 place	 for	 the	
amount	 of	 people	 working,	 that	 they	 sat	 millimeters	 between	 each	 other’s	
shoulders	 (see	 figure	 19	 below).	 Their	 desks	 were	 also	 small,	 the	 height	was	
about	the	size	of	their	popliteal	height	and	the	width	were	roughly	centimeters	
longer	than	the	distance	between	the	knee	and	waist,	which	prevented	the	legs	
from	 stretching	 out,	 kind	 of	 like	 the	 economy	 class	 syndrome,	 but	 arguably	
worse.	 They	 are	 usually	 facing	 their	 back	 against	 the	wall.	 The	 stools	were	 so	
low,	to	the	point	of	their	knee	being	a	little	higher	than	their	waist.	During	tight	
working	environment,	 they	will	occasionally	 stretch	 their	 arm	up	with	a	yawn,	
indicating	a	lack	of	physical	activity.	Contrary	to	freelancers	in	cafés,	were	their	
leg	 positions	 shifted	 around	5	 times	 under	 ten	minutes,	 indicating	 the	 desired	
movement	 of	 those	who	 are	 capable	 of	 leg	movements.	 The	 extreme	 sample’s	
natural	 body	 posture	was	 leaning	 towards	 the	 desk,	 with	 their	 elbows	 on	 the	
table.	This	 is	most	 likely	duo	 to	 the	 lack	of	seat	backrest	 in	 stools.	The	picture	
down	below	is	a	look	alike	stool,	but	not	identical	of	the	one	used	by	the	extreme	
sample’s	participants.		
	

	
Figure 19.  The common position of the extreme sample’s participants. The most common stool used 

among every IT company had no wheels.  
	
The	 participants	 did	 not	 carry	 with	 them	 any	 bags	 to	 their	 jobs,	 nor	 did	 the	
majority	come	with	a	vehicle	to	the	job,	meaning	the	intended	product	has	to	be	
very	compact	or	the	person	has	to	wear	it	before	they	go	out.	The	workers	were	
playful	with	each	other,	ones	 they	are	done	 for	 the	day,	 as	one	 shadow	kicked	
another	worker	 and	 another	 did	 a	walking/jumping	 dance.	Meaning	 that	 they	
are	 a	 lot	 more	 open	 to	 each	 other’s,	 without	 judging,	 meaning	 a	 radical	 or	
unusual	 design	 could	 potentially	 be	 an	 option.	 The	 standard	 cloths	 code	were	
formal	 suits,	 both	 for	men	 and	women,	 but	 depending	 on	 the	weather,	 which	
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varied	daily,	the	suit	jacket	could	be	taken	off	or	an	additional	jacket	(vest)	could	
be	worn	for	 the	cold.	There	were	no	wardrobes,	and	as	 the	stools	did	not	have	
any	backrest,	there	were	no	place	to	hang	their	clothes,	which	further	created	a	
tight	experience.	Lastly,	something	observed	from	the	streets	and	food	chains,	it	
seemed	people	 preferred	 not	 to	wear	 any	 socks,	 but	 all	 the	workers	 in	 this	 IT	
group	seemed	to	wear	one.	This	is	likely	to	do	with	their	suit	dress	code.	Socks’	
commonness	and	acceptance	will	be	further	explored	in	the	questionnaires.		

3.3 Questionnaires  
The	 guidelines	 for	 construction	 questionnaires	 were	 mainly	 taken	 from	
Shaughnessy	et	al.	(2011).	They	discuss	how	the	wording	should	be	specific	and	
clear	 with	 familiar	 vocabulary,	 while	 taking	 the	 order	 of	 them	 into	 major	
consideration,	as	the	answer	will	likely	differ,	due	to	a	psychological	effect.	This	
goes	 for	 how	 a	 question	 is	 phrased	 as	 well,	 for	 example	 “saving	 lives”	 has	 a	
different	 influence	 to	 “lives	 lost”	 (Shaughnessy	 et	 al.,	 2011).	 The	 word	 count	
should	be	kept	a	low	as	possible	for	each	question	and	should	at	most	be	twenty	
words	 (Shaughnessy	 et	 al.,	 2011).	 Questionnaires’	 response’s	 accuracy	 and	
validity	can	be	complemented	by	the	behavior	observation	(Shaughnessy	et	al.,	
2011).	

3.3.1 Questionnaire Types 
Questionnaires	 can	 generally	 be	 divided	 into	 two	 groups;	 free-response	 and	
closed	(Shaughnessy	et	al.,	2011).	The	free-response,	also	known	as	open-ended	
question,	 provides	 a	 question	while	 giving	 the	 respondents	 to	write	 their	 own	
words	into	the	paper.	While	the	closed,	also	known	as	multiple-choice	question,	
provides	alternatives	 for	 the	given	question,	 and	 is	usually	used	 in	 the	 form	of	
rating	an	opinion,	such	as	“good”,	“bad”	and	“neither”	(Shaughnessy	et	al.,	2011).	
The	 advantage	 of	 the	 free-response	 one	 is	 that	 the	 participant	 can	 be	 more	
flexible	 in	 their	respond.	However,	using	of	 the	 free-response,	 requires	a	 lot	of	
coding,	 in	 order	 to	 interpret	 the	 hidden	 meaning	 behind	 the	 long	 answers	
(Shaughnessy	et	al.,	2011).		

3.3.2 Conditional Information 
Perhaps	the	most	important	thing	to	take	away	from	Shaughnessy	et	al.	(2011)	is	
that	a	question’s	conditional	 information	should	always	go	before	the	key	 idea.	
For	 example,	 asking,	 “what	 choice	 of	 vehicle	 would	 you	 prefer,	 if	 you	 had	 a	
stressful	 day?”,	would	 not	 be	 following	 the	 ideal	 phrasing,	 as	 the	 key	 idea,	 the	
choice	 of	 vehicle,	 comes	 before	 the	 conditions	 (Shaughnessy	 et	 al.,	 2011).	
Rephrasing	it	correctly,	by	having	the	conditional	information	first,	would	be,	“if	
you	had	a	stressful	day,	what	choice	of	vehicle	would	you	prefer?”.	

3.3.3 Loaded and Leading Questions 
Loaded	 and	 leading	 and	 questions	 are	 also	 to	 be	 avoided.	 A	 question	 that	
contains	 emotion	 loaded	 words,	 are	 considered	 loaded	 questions.	 Different	
group	of	people	may	find	words	offensive,	depending	on	their	social	and	political	
perspective.	When	it	comes	to	cultural	differences,	a	direct	translation	will	most	
likely	 be	miss-interpreted,	 as	 asking	 parents	 for	how	many	 children	 they	 have	
could	 be	 interpreted	 as,	 how	 many	 living	 and	 dead	 children	 do	 they	 have	
(Shaughnessy	et	al.,	2011).		
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Leading	 questions	 are	 the	 ones	 that	 contain	 a	 certain	 suggestion,	 bias	 or	 an	
opinion,	which	could	cause	the	participant	to	lean	towards	a	certain	answer.	For	
example,	 “Most	 people	wash	 their	 hands	 after	 a	 toilet	 visit.	 Do	 you	wash	 your	
hands?”,	 would	 be	 considered	 a	 leading	 question.	 In	 order	 to	 avoid	 such	 bias,	
mentioning	 either	 all	 possible	 perspectives	 or	 none	 at	 all	 would	 be	
recommended.	

3.3.4 Double-Barrelled Question  
Another	 rule	 for	 questionnaires,	 is	 that	 double-barrelled	 question	 (a	 sentence	
containing	 two	 questions)	 should	 be	 avoided,	 due	 to	 its	 unpracticality.	 As	 the	
participant	might	give	a	binary	response,	while	in	reality	only	referring	to	one	of	
the	question	(Shaughnessy	et	al.,	2011).	

3.3.5 Questions’ Order and Scale 
The	arrangement	of	 the	questions	shall	be	carefully	constructed,	as	 the	tone	of	
the	study	is	determined	by	the	first	few	questions	(Shaughnessy	et	al.,	2011).	The	
tone	 influences	 how	 conscientiously	 and	 willingly	 the	 participant	 answers	
subsequent	 questions	 (Shaughnessy	 et	 al.,	 2011).	 Which	 is	 why,	 the	 most	
interesting	 questions	 should	 be	 asked	 first,	 to	 capture	 the	 attention	 of	 the	
participant,	while	demographic	data	should	be	kept	at	the	end	(Shaughnessy	et	
al.,	2011).	General	questions	should	precede	the	specific	ones,	as	they	might	alter	
the	 respondent’s	 opinion.	 These	 types	 of	 questions	 are	 called	 funnel	 questions	
(Shaughnessy	et	al.,	2011).	Lastly,	the	final	question	should	be	a	closing	question,	
that	 is	 to	say	provide	an	opportunity	 to	 the	respondent	to	have	the	 final	say,	a	
method	 adapted	 from	Patton’s	 (2002)	 interview	 guidelines.	He	 claims	 that	 the	
most	 valuable	 data	 have	 been	 collected	 through	 that	 technique.	 This	 is	 most	
likely	 because	 the	 interviewee	 wants	 to	 fill	 in	 the	 missing	 holes	 that	 the	
interviewer	did	not	bring	up.	
	
Rearranging	 a	 question’s	 scale	 that	 gives	 alternative	 options	 to	 score	 is	
necessary,	 in	 order	 to	 avoid	 potential	 response	 bias,	 such	 as	 scoring	 all	 the	
question	 to	 the	 extreme	 right,	 left,	middle	 or	giving	 the	 same	binary	 response	
(Shaughnessy	et	al.,	2011).	 	An	 ideal	rating	system	requires	the	use	of	 the	both	
end	(Shaughnessy	et	al.,	2011).	It	can	also	be	used	to	recognize	the	validity	of	the	
questionnaire,	 by	 recognizing	 potential	 spam	 patterns.	 Hanington	 and	 Martin	
(2012)	 proposes	 that	 survey	 scale	 should	 be	 seven	 pointers,	 as	 it	 provides	 a	
neutral	mid-point.	However,	 getting	 rid	 of	neutral	 point	 can	 also	 be	 beneficial,	
depending	on	the	goal	of	the	study.	As	an	even-scale	number	compels	the	user	to	
think	through	their	answer	and	choose	a	side	between	the	spectrum.	 	 It	 is	also	
encouraged	 to	 use	 nuanced	 antonyms	 in	 the	 rating	 scale,	 rather	 than	 direct	
opposites	(Hanington	&	Martin,	2012).	

3.3.6 Snowball & Intensity Sampling 
The	participants	consisted	of	students	from	a	medical	university.	However,	they	
were	 not	 the	 only	 target	 group	 recommended	 through	 the	 snowball	 sampling,	
but	their	current	and	soon	to	be	exposed	environment	fitted	the	victims	that	are	
exposed	to	the	current	phenomenon,	occupations	such	as	university	professors,	
physicians,	 and	 doctors	 (Ke,	 2012;	 Xiaodong,	 2016;	 Chi,	 2016).	 Some	 of	 the	
intensity	 sampling	 will	 later	 partake	 in	 an	 interview,	 which	 will	 be	 chosen	
according	to	criterion	sampling,	as	discussed	previously	in	the	sampling	section.	
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So,	this	questionnaire	and	the	choice	of	sample	will	have	a	direct	influence	on	the	
upcoming	interview.			

3.3.7 Gathered Raw Questionnaires Data  
There	 were	 total	 of	 6	 questions	 asked,	 with	 a	 total	 of	 21	 participants	 being	
students	from	a	medical	university.	The	questioner	was	constructed	mostly	as	a	
closed	 one,	 but	with	 a	 bit	 of	 a	 free-response.	When	 asked	 in	 Chinese;	 “During	
which	seasons	do	you	wear	socks”	there	were	none	who	responded	none,	yet	the	
least	one	worn	season	was	under	Summer.	Secondly,	they	were	asked	if	they	do	
not	like	to	wear	socks,	is	it	because	they	expect	it	to	get	soaked,	hot,	or	other.	The	
majority	of	the	answers	were	given	on	getting	too	warm	on	hot	days,	with	getting	
soaked	on	rainy	days	close	second.	Two	gave	the	answer	to	other.	One	wrote	Lazy	
and	the	other	wrote,	when	wearing	sandals.	The	 last	question	on	the	 first	page,	
asked	if	they	owned	knee	high	boots,	which	described	it	more	accurately,	Robust	
or	 Soft,	while	 showing	 an	 image	 of	 the	 two	descriptions.	 This	 question	 gave	 a	
clear	winner	on	both	genders,	4	choose	Robust,	while	17	chose	Soft.		
	
At	the	start	of	the	second	page,	they	were	asked	to	rank	which	of	the	following	
four	products	would	be	most	desirable,	if	they	were	to	wear	them	to	keep	their	
body	healthy.	The	choices	were,	stockings,	knee	high	boots,	special	trousers,	and	
a	separate	attachable	leg	accessory.	These	product	types	were	generated	with	the	
aim	to	cover	every	applicable	way	of	using	a	product	to	compress	the	deep	veins.	
A	fifth	product	type	were	considered	initially,	chair/stool,	but	were	scrapped	as	
it	 were	 unfitting	 for	 the	 intended	 target	 group.	 Buying	 chairs	 would	 mean	 a	
whole	 re-decoration	 of	 the	 existing	 place,	 which	 is	 a	 decision	 for	 the	 upper	
management	to	be	made,	and	a	costly	one.	By	having	the	remaining	alternatives,	
the	 choice	 of	 purchase	 is	 left	 up	 to	 the	 individual,	 if	 a	 person	 needs	 or	wants	
medical	treatment,	they	can	choose	to	buy	it.	Something	a	chair	cannot	achieve,	
as	carrying	your	own	preferred	chair	to	the	job,	does	not	only	seem	ridiculous	to	
social	standards,	thus	undesirable,	but	may	not	be	approved	by	the	higher	ups	at	
the	job.	One	of	the	reasons	being	that	an	absence	of	social	class	is	strived	for	in	
the	 country,	 which	 different	 type	 of	 chairs,	 from	 expensive	 to	 cheap,	 may	
indicate	otherwise.	
	
Both	special	trousers	and	separate	attachable	leg	accessory	were	ranked	the	first	
place	as	 the	most	desirable,	 from	a	statistical	mode	value,	meaning	the	rank	to	
appear	most	often.	But	 if	 they	were	 to	be	 compered	 in	how	many	participants	
that	just	marked	them,	then	special	trousers	would	be	ahead	by	one	point,	with	
16	times	chosen.	The	reason	for	this,	is	because	some	participants	choose	to	only	
tick	 off	 the	 most	 desirable	 product,	 without	 ranking	 the	 others.	 Stockings’	
ranking	received	1	from	men,	2	from	women,	but	2	in	total.	The	knee-high	boots	
most	common	ranking	was	3,	across	both	genders,	making	it	the	least	desirable	
product	of	the	four.	
	
The	 fifth	 question	 asked	 if	 they	 were	 to	 fight	 against	 prolonged	 sedentary	
activities,	would	 they	wear	 long	socks	to	keep	 the	blood	circulation	going.	The	
dominating	answer	was	no,	with	14	totals	of	votes,	while	only	7	choose	yes.	The	
last	 question	 asked	 how	 many	 days	 per	 week	 did	 they	 feel	 exhausted.	
Interestingly,	only	women	choose	never,	 and	every	day,	while	 the	men’s	 choice	
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ranged	 from	 1-6	 days.	 This	 question	 filled	 the	 purpose	 of	 validation	 to	 the	
gathered	data,	 if	 the	majority	choose	never	or	1	day,	 then	they	clearly	were	not	
the	 target	 group	 to	 the	 product,	 yet,	 it	 could	 not	 have	 been	 asked	 as	 a	 first	
question,	 as	 it	 would	 alter	 the	 tone	 of	 the	 whole	 questioners,	 as	 it	 was	more	
personal	and	a	bit	 front	 loaded,	despite	 toning	down	the	 language	 from	feeling	
“overworked”	or	“burned	out”,	to	exhausted.		
	
The	two	women	that	selected	never	were	reevaluated	out	of	 the	sheet	 to	see	 if	
they	 would	 bring	 significant	 changes	 to	 the	 results.	 The	 only	 change	 that	
occurred	were	 in	 question’s	 four	 stockings,	 were	 they	were	 asked	 to	 rank	 the	
most	desirable	products	from	1-4.	Stockings	went	from	a	mean	value	2	to	an	1,	
counting	from	both	genders.	 	The	mean	value	of	male	and	female	remained	the	
same,	 1	 and	 2	 respectively.	 Thus,	 their	 data	 remained	 intact,	 as	 they	 brought	
more	benefits	than	herm	to	the	data,	as	they	still	showed	the	preferred	choice	of	
products	from	a	cultural	perspective.	The	questioners	closed	off	with	a	question	
if	they	had	additional	thought	they	wanted	to	share	or	draw,	as	recommended	by	
Patton	(2002).	There	was	only	one	respond	to	this,	from	the	same	one	that	said	
they	 did	 not	 wear	 socks	 with	 sandals.	 It	 said	 the	 following,	 according	 to	 the	
interpreter:	
	
Compared	 to	other	 products,	 you	 should	 pay	 attention	 to	 the	 construction	of	 the	
shoes	itself	to	be	more	practical,	like	wearing	sports	shoes	will	be	more	comfortable	
than	 the	high-knees.	Modern	medical	products	 can	also	be	 from	 the	alteration	of	
shoes.	Recently	shoes	 for	walking	briskly	and	can	reduce	and	prevent	all	kinds	of	
damage	have	been	marketed	to	the	elderly.	From	the	perspective	of	medical	shoes,	
more	than	anything,	practicality	is	the	most	important	thing!!!	

3.3.8 Questionnaires Interpretation 
With	the	raw	data	discussed	in	the	previous	section,	interpretations	of	it	will	be	
drawn	 here.	 First	 off,	 the	 number	 of	 participant	were	 too	 small	 to	 draw	 valid	
assumptions	 to	 the	 whole	 target	 group.	 That	 being	 said,	 the	 project	 will	 still	
follow	the	hint	of	 indications	given	 in	the	study,	as	 the	timeframe	of	 the	whole	
design	project	is	very	limited	to	further	expand	the	qualitative	inquiry.		
	
To	 put	 restrictions	 on	 the	 following	 concept	 generation	 phase,	 the	 knee-high	
boots	and	 stockings	will	not	be	 considered	as	a	product	type,	 as	 they	were	 the	
least	 desirable	 product	 to	 keep	 the	 body	 healthy.	 That	 being	 said,	 question	 3	
which	were	about	knee	high	boots,	 showed	which	grade	of	 firmness	 the	 target	
group	 is	most	comfortable	with	wearing,	that	being	a	soft,	 foldable	and	smooth	
one.	 Question	 2	 showed	 what	 concerns	 the	 participants	 had,	 for	 wearing	 a	
product	 in	 their	 natural	daily	 environment,	 the	 hot	 days	 being	 a	 slightly	more	
concerned	 factor.	The	 comment	about	being	 too	 lazy	 to	wear	 them,	means	 the	
intended	product	has	to	keep	in	mind	to	be	easily	wearable.	Though,	easier	than	
wearing	 socks	 could	 prove	 troublesome.	 Not	 wearing	 socks	 when	 wearing	
sandals,	seems	like	an	obvious	respond,	but	an	interesting	one	to	keep	in	mind.	It	
could	be	 interpreted	that	 the	 footwear	dominates	the	choice	of	socks.	Not	only	
that,	but	why	wearing	sandals	in	the	first	place?	The	first	probability	is	due	to	its	
hollow	 and	 airy	 construction,	 which	 keeps	 the	 feet	 cool	 in	 the	 hot	 days.	
Something	 the	 typical	 knee-high	 shoes	 does	 not	 have	 and	 will	 have	 to	 be	
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implemented	 somehow	 if	 the	 selected	 concept	 are	 knee-high	 shoes.	 Another	
probability	is	due	to	their	easy	convince,	nothing	to	tie,	which	brings	us	back	the	
same	 factor,	 lazy.	 In	 short,	 laziness	 and	 the	 temperature	 are	 one	 of	 the			
dominating	factors.	
	
Their	daily	environment	interactions	do	not	only	cover	their	working	desks,	but	
the	 streets	 of	 China.	 The	 drawback	 being	 that	 china	 is	 a	 huge	 country,	 that	 it	
could	 fit	many	 other	 in	 it,	meaning	 environmental	 concerns	 in	Guangzhou	will	
not	 be	 as	 applicable	 to	 the	 rest	 of	 China,	 contrary	 to	 if	 an	 inquiry	were	 to	 be	
studied	in	Stockholm,	with	the	whole	Swedish	population	in	mind.		
	
Lastly,	 question	 5	 showed	 that	 the	 majority	 were	 not	 interested	 to	 wear	
stockings,	 for	 the	 sake	 of	 keeping	 their	 body	 healthy.	 This	 could	 have	 a	major	
different	outcome,	 if	 they	had	already	been	diagnosed	with	a	disease	 like	DVT,	
but	nonetheless,	the	intended	product	shall	aim	to	be	desired	by	people	who	has	
yet	to	develop	any.	Their	answers	also	further	validate	the	choice	to	abandon	the	
product	 type,	 stockings.	 As	 for	 the	 person	who	wrote	 on	 the	 closing	 question,	
there	seemed	to	be	a	confusion	or	even	frustration	why	a	medical	product	was	
focusing	 on	 the	 appearance,	 and	 not	 practicality	 and	 medical	 efficacy.	 That	
assumption	probably	derived	from	question	3,	where	it	illustrated	two	boots	to	
choose	 from.	This	kind	of	 feedback	was	unexpected,	as	 the	sample	had	focused	
on	targeting	the	demographic	of	the	product,	having	the	sample	being	oriented	
towards	 a	 profession	 that	 were	 a	 part	 of	 the	 product	 functioning	 was	 not	 a	
calculated	 move.	 	 It	 is	 interesting	 to	 hear	 that	 this	 specific	 medical	 student,	
thinks	 that	 form	should	 follow	 function,	which	 is	 a	 design	 principle.	While	 the	
project	 will	 certainly	 not	 go	 the,	 function	 follows	 form	 route,	 it	 will	 take	 the	
appearance	as	a	part	of	weighting	the	customer	needs.			

3.4 Semi-structured Interviews  
When	a	designer	has	a	good	idea	beforehand	what	the	main	issue	is,	then	semi-
structured	 interviews	 are	 recommended	 (Milton	 &	 Rodgers,	 2013).	 That	 is	
because	they	allow	the	interviewees	and	interviewers	to	have	an	open	and	direct	
discussion	while	still	having	a	clear	area	that	the	designer	want	to	cover	(Milton	
&	 Rodgers,	 2013).	 In	 this	 case,	 the	 groundwork	 for	 the	 problem	 identification	
had	been	done	beforehand,	mostly	thorough	literature	review,	yet	an	interaction	
with	 the	 customer	 was	 still	 needed,	 in	 order	 to	 understand	 the	 customer	
requirements	and	further	validate	the	pre-study	(see	figure	20	below).	
 

 
Figure 20. Selecting an appropriate interview method (Milton & Rodgers, 2013). 
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Having	 this	 project	 conducted	 in	 a	 foreign	 country,	 the	 native	 language	 of	 the	
participants,	 in	 this	 case	 Chinese,	 has	 to	 be	 caution	 interpreted	 and	 not	 taken	
literally,	as	different	associations	to	words	varies	between	cultures,	for	example	
the	word	“empty”	from	an	interviewee	could	be	meant	as	describing	something	
harmless	(Patton,	2002).	Another	weakness	in	this	project,	is	that	because	it	will	
be	using	an	interpreter,	matters	such	as	accustoming	the	verbal	formality	to	the	
interviewee’s	 identity,	 restating	 the	 interviewees’	 comments	 to	 show	 that	 the	
interviewer	is	listening	and	expressing	naivety	to	encourages	the	interviewee	to	
give	 detailed	 and	 comprehensive	 explanations	 (Willing,	 2008),	 will	 not	 be	
incorporated.	

3.4.1 Interview Interpretation 
A	participant	voluntary	agreed	to	partake	in	the	interview,	after	partaking	in	the	
questionnaires	 and	 showing	 interest.	 The	 participant	 was	 in	 his	 mid-twenties	
and	fulfilled	the	sought	criteria	in	his	questionnaires,	that	he	felt	exhaustion	from	
his	work	 in	 the	majority	of	 the	week	 (5	days),	which	 fits	 the	Criterion	Sample,	
according	to	the	sample	plan.	Being	a	medical	student	and	soon	to	be	doctor,	also	
helps,	 for	 the	 fact	 that	 the	 occupations	 of	 the	 identified	 victims	 were	 among	
others,	university	professors,	physicians,	and	doctors	(Ke,	2012;	Xiaodong,	2016;	
Chi,	2016).	Additionally,	he	had	felt	occasionally	numbness	around	the	left	leg’s	
calf,	 which	 could	 have	 been	 the	 reason	 of	 interest.	 He	was	 given	 compression	
stockings	of	class	1,	which	does	not	need	require	a	doctor’s	approval	to	use	(Lim	
&	Alun,	2014).	After	a	week	of	usage,	a	semi-structured	interview	was	held	(see	
table	3	below).	The	 interview’s	main	purpose	was	 to	 find	 customer	needs.	The	
guidelines	 for	 interpreting	 the	 qualitative	 data	 collections	 were	 mainly	 taken	
from	Ulrich	&	Eppinger’s	(2014).	As	they	are	more	focused	on	adopting	raw	data	
into	customer	requirements,	with	a	product	design	engineering	route.	They	have	
five	general	points	to	follow;	state	the	customer/participant’s	needs	in	sentences	
that	 describe	 what	 the	 product	 is	 set	 out	 to	 do	 and	 not	 how	 it	 will	 operate,	
describe	the	needs	as	specific	as	the	raw	data,	formulate	the	sentences	positively,	
describe	the	needs	as	an	attribute	and	lastly	never	use	words	that	indicates	that	
the	needs	are	a	requirement,	such	as	must	and	will.	
 

Table 3. The interpretation of the customers’ needs from the medical student. Derived from 
interviewee’s statements. 

Participant:	A	 	
Age	 Mid-twenty	
Sex	 Male	
Product	Given	 Funq	Wear	Compression	Stockings	
Compression	Class	 Class 1; 18-21 mmHg 
Days	of	Product	Experience	 7 Days 
Additional	Information	 Feels Numbness in Left Leg, When Studying 

Under Long Periods. Had a Recent Flight. Have 
Not Exercised in Months 

Question	 Interviewee’s Statement Interpreted Customer Needs 
What was your first thoughts 
as you wore the product?  

It was relative soft, arguably 
more comfortable than my 
normal socks. Not what I had 
expected from a pair of socks 
that is supposed to compress  

Using the following materials 
gives a comfortable experience; 
55% Organic Cotton, 30% 
Polyamide, 15% Lycra.  
 
Product with class 1 
compression level is still in the 
range of comfortability.  
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Under what situation did you 
use it? 

Going to the university, 
sometimes at home too 

Product’s main function is 
within customer’s working 
place. 

Did you wear it at the said 
place or before going out? 

I wore it before going out (to the 
university) 

 

Why was that the case?  “Laughter” because it would be 
weird to wear it at the university. 
That is embarrassing  

Product can be worn in discreet. 

Unstructured Follow-up 
Question: why would you feel 
embarrassed? 

Well it is weird for guys to wear 
stockings in the first place, even 
if some doctors understand what 
it is. And I am a shy guy to 
begin with. Not to mention its 
purple colour. 

Product has a unisex appearance. 
 
Product can be used in discreet.  

Unstructured Follow-up 
Question: something wrong 
with the colour? (predicting 
the answer, but to be sure we 
are on the same page) 

Well purple is not a manly 
colour 

Product has a unisex colour. 

Any positive outcome? Yes, it felt like some of the 
numbness had gone away. But 
that was short-lived, as a bit of 
the numbness came back after 
long periods of sitting. I tried to 
make it go away by changing my 
leg positions. It worked to some 
extent. It did fade away at the 
beginning of the next day but 
started all over once the 
sedentary work began. 

Product can alter its pressure 
values. 
 
Product encourages leg position 
change. 

Anything that made you 
uncomfortable, a negative 
feeling you would like to 
share? 

At the end of the day, when I get 
home, I suddenly feel the need 
to take them off, because of how 
hot they are making my legs, 
especially my feet. It was also 
annoying when the stockings 
were gliding off, after a long 
period of work.   

Product supports cooling 
dynamics to the feet. 
 
Product can hold on to its 
position on the calves. 

Unstructured Follow-up 
Question: do you walk all the 
way home? 

No, I also use the train Product can be used in public 
transportation 

How would you improve the 
product? 

I don’t know. Change the colour 
at least. “big laughter” 

 

Something you would like to 
add?  

No  

 
Participant	A	were	also	asked	if	he	was	willingly	to	volunteer	to	apply	40	mmHg	
pressure	on	 the	 calf	 area,	 by	using	a	manual	blood	pressure	gauge.	Though	he	
should	immediately	quit	if	he	felt	uncomfortable	or	something	wrong	(although	
is	medical	knowledge	is	far	superior,	so	that	does	not	need	to	be	said).	He	agreed	
and	stated	that	after	a	long	day	of	work,	while	using	the	given	the	compression	
stocking,	he	did	feel	an	instant	relief	at	the	leg	by	applying	the	pressure.	Though	
it	 only	 took	 around	5	minutes	 until	 the	 foot	 had	 become	 numb	 from	 the	 high	
pressure,	 so	 he	 uncuffed	 it.	 This	 means	 that	 the	 intended	 product’s	 pressure	
maintenance	 needs	 to	 be	 shifting	 between	 active	 and	 inactive	 or	 sub-active.	
Something	stockings	or	a	similar	line	of	product	will	have	a	hard	time	to	achieve.	



 33 

4 Product Requirements 
The	 whole	 process	 of	 the	 product’s	 requirement	 will	 be	 documented	 here.	
Product	requirements	consists	of	attributes	that	the	product	aims	at.	

4.1 Customer Needs 
In	order	to	establish	the	product	requirements,	an	interpretation	of	the	gathered	
raw	data	has	to	be	translated	to	customer	needs	(see	table	4	below).	The	needs	
presented	 here	 will	 be	 from	 the	 gathered	 findings	 interpretation	 from	 the	
customer	 observations,	 questionnaires,	 and	 interviews	 from	 the	 previous	
qualitative	inquiry.	As	opposed	to	values,	metrics,	and	attributes	of	the	product,	
customer	needs	are	the	desired	qualities,	expressed	 in	the	customer’s	language	
(Ulrich	&	Eppinger,	2014).	
	
The	 needs	 are	 categorized	 in	 primary	 and	 secondary	 needs.	 Secondary	 needs	
acts	as	a	sub-group	of	 the	primary,	 they	do	not	have	a	hierarchy	relation.	Then	
there	are	latent	needs,	which	are	needs	that	the	customer	thinks	are	important	
but	 is	 to	 an	 extent	 unaware	 of	 it	 (Ulrich	 &	 Eppinger,	 2014).	 Those	 has	 the	
potential	to	be	more	important	than	the	customer	explicit	statements	(Ulrich	&	
Eppinger,	2014).	Each	needs’	 importance	was	evaluated	by	a	constructed	sheet	
made	by	Ulrich	&	Eppinger	(2014).		
    

Table 4. List of the customer needs and hierarchy criteria. The primary needs are expressed in 
bold and are more generalized then the secondary need.  

 Importance Criteria 
1 Attribute is undesirable. Would not outweigh another product for it. 
2 Attribute is not important. Would not mind, though having it. 
3 Attribute could be good having but is not necessary. 
4 Attribute is most desirable but would outweigh another product without it. 
5 Attribute is important. Would not outweigh another product without this attribute. 
! Latent need  
 T is Comfortable  T is Easy to Use 

5 T will not make the leg numb under 5 min 3 T has an intuitive design interaction 
4 
! 

T is at least as comfortable as 55% cotton, 
compression stockings 3 T can at least be worn as easily as the normal 

trousers 
3 T does not restrict the leg articulation 2 T’s pressure mechanics can be used blindfolded 

3 T has no rough texture 2 T can at least be undressed as easily as the normal 
trousers 

3 T can alter its pressure values 1 T can be worn in tight places 

2 T does not leave marks on the skin  T is Compatible in a Tight Working 
Environment 

2 T uses no dye 5 T fits under a small desk 
2 T can hold on its intended position  T Evokes Proudness 
 T is Accustomed to Weather Conditions 4 T is discrete 
4 T keeps a good thermoregulation 4 T is gender neutral 
3 T will not malfunction if it gets wet 4 T gives feeling of being healthy 
1 T will not get soaked in rain 4 T presents itself with a soft appearance 
 T Can Be Reasonably Obtained   T Works In Daily Infrastructure 
2 T has an affordable price  5 T is allowed in Offices  
1 T does not require doctor’s approval 4 T can be walked with in public 
 T Looks Professional 4 T is allowed in Universities  

4 T fits aesthetically with suits  4 
! T fits in crowded public transportations 

3 
! T looks practical   
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4.2 Customer Requirements 
The	 previous	 table	 were	 an	 interpretation	 of	 the	 intended	 customers’	 needs.	
Those	are	typically	expressed	 in	the	customer’s	 language,	which	 leaves	a	 lot	of	
room	 for	 subjectivity,	 which	 is	 why	 those	 customer	 needs	 shall	 be	 expressed	
more	objectively	(Ulrich	&	Eppinger,	2014).	By	doing	that,	a	design	team	will	be	
capable	 to	 communicate	 in	 measures	 that	 are	 understood	 by	 the	 whole	
production	 team	 (Ulrich	 &	 Eppinger,	 2014).	 These	 measurable	 attributes	 are	
called	 the	 customer	 requirements	 or	 specification	 (see	 table	 5	 below)	 and	
describes	what	a	product	is	set	out	to	do,	with	a	measurable	attribute	and	a	unit	
(Ulrich	 &	 Eppinger,	 2014).	 These	 requirements	 are	 constantly	 adjusted	
throughout	 the	design	project.	As	 the	measurable	attribute	at	 the	beginning	of	
the	project,	are	designed	roughly	around	expectations	and	goals	due	to	 limited	
knowledge,	 and	 at	 the	 end	 of	 the	 project,	 the	 design	 team	 have	 a	 better	
understanding	of	 the	product’s	physical	and	technical	 limitations,	 thus	the	 final	
specification	 is	 made	 (Ulrich	 &	 Eppinger,	 2014).	 The	 requirements	 can	 be	
classified	in	demand	and	wishes,	and	at	the	final	specification,	critical	trade-offs	
have	to	be	made	to	several	wishes	(Ulrich	&	Eppinger,	2014).	
	

 Table 5. Product specification.  
Requirement Demand Wish Unit Source 

Clinical Treatment 
Pecs Based Yes   Yes/No Scientific Article 
Dynamic 
Compression Yes   Yes/No 

Scientific Article/ 
Interview 

Minimize Potential 
Energy 

  Yes Yes/No Literature/ 
Scientific Article 

Pressure on Calf   46 mmHg Scientific Article 
Pressure on Gaiter 
Area   33 mmHg Scientific Article 

Avoid Sharp Edges   Yes Bin. Scientific Article 
Offer Space for 
Leg Stretching   Yes Yes/No Scientific Article/ 

Observations 
Flying Dipteras 
Protection   Yes Yes/No WHO 

Design Feeling 
Discrete to the 
Observers Yes   Yes/No Interview 

Does Hold on To 
Its Intended 
Position 

  Yes Yes/No Interview/ 
Testing 

Positive Feedback 
Loop by Moving 
the Ankle 

 Yes  Yes/No 
Scientific Article/ 

Literature/ 
Testing 

Gender Neutral Yes   Yes/No Interview 
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Will Not Give the 
Feeling of Being A 
Sick Patient to the 
User & Observers 

   Yes Yes/No Benchmarking 

Looks 
Clinical/Practical 
to the User 

  Yes  Yes/No Questionnaires/ 
Literature 

Intuitive Design 
Usage  Yes  Yes/No Benchmarking/ 

Testing 
Leaves No Severe 
Marks on The Skin Yes   Yes/No Testing 

Aesthetically Soft Yes   Yes/No Questionnaires 
Size 
Popliteal Height 
(Sitting) 397,5 ± 15,5   mm Scientific Article 

Trochanter Height 912 ± 3   mm Scientific Article 
Hip Breadth 311,5 ± 5,5   mm Scientific Article 
Knee Height 445 ± 1   mm Scientific Article 
Knee Height 
(Sitting) 475,5 ± 17,5   mm Scientific Article 

Buttock to 
Popliteal Length 
(Sitting) 

445 ± 12   mm Scientific Article 

Buttock to Front 
of Knee Length 
(Sitting) 

541,5 ± 12,5   mm Scientific Article 

Sustainable Development 
Use of Local 
Resources Yes     

Literature/ 
Scientific Article 

Commercially 
Stable Materials 

Yes   Yes/No Literature/ 
Scientific Article 

Commercially 
Stable 
Manufacturing 

Yes   Yes/No Literature/ 
Scientific Article 

No Hand Usage 
with Additives or 
Chemicals 

Yes   Yes/No Literature 

Use of A Single 
Material    Yes Yes/No Literature 

Supports Up-Cycle   Yes Yes/No Literature/ 
Scientific Article 

Preserves the 
Local Culture   Yes Yes/No Literature 
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Environmental Adaptations 
Can Be Used in 
Tight Offices Yes   Yes/No Observations 

Can Be Used in 
Public 
Transportation 

Yes   Yes/No Interview 

Withstand Getting 
Wet Yes   Yes/No Observations/ 

Questionnaires 

Cooling Dynamics   Yes Yes/No Interview/ 
Testing 

Good UV Light 
Resistance   Yes Yes/No Literature 

Can Be Worn 
Blindfolded 

  Yes Yes/No Literature 

Good Strength and 
Stability   Yes Yes/No Literature 
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5 Concept Development 
The	 concept	 development	 covers	 the	 whole	 creative	 design	 phase,	 from	
inspiration	boards	to	function	analysis,	concept	sketching	and	selecting.	

5.1 Mind map 
A	 good	way	 for	 balancing	 out	 the	 creative/intuition	 side	 of	 the	 brain	 and	 the	
analytical	 problem	 solver	 is	 by	 doing	 mind	 maps	 with	 keywords	 (Milton	 &	
Rodgers,	 2013).	 It	 helps	 understanding	 and	 connecting	 new	 relationships	
between	 the	 key	 points	 to	 the	 issue	 while	 avoiding	 being	 locked	 to	 a	 linear	
thinking	(Milton	&	Rodgers,	2013).	Granted,	this	would	be	considered	to	be	as	a	
convergent	 “random	 search”	 according	 to	 Cross	 (2008),	 but	 it	 is	 what	 the	
intention	of	this	method	was.		
	

	
Figure 21. A combination of Mind Map/ “world cloud” and mood board, addressing the project’s 

issues around health, connecting new relationships between keywords and explores new 
experiences. 

 
The	general	word	cloud	has	the	contour	of	a	rectangle.	This	version	(see	 figure	
21	above)	was	organized	to	give	a	visual	representation	of	a	heart,	by	doing	that	
it	achieves	and	explores	new	emotional	experiences	of	the	current	issue,	which	
fulfils	the	objectives	of	one	of	the	four	types	of	collage;	mood	boards	(Wikberg-
Nilssons	et	al.,	2015).	

5.2 Generation 
While	 generating	 concepts	 in	 an	 unstructured	 manner	 with	 creativity	 has	 its	
benefits,	a	more	structured	method	can	decrease	the	chances	of	costly	problems	
(Ulrich	&	Eppinger,	2014).	By	using	structured	generating	methods,	 the	bias	 in	
the	 concept	 development	 are	 minimized	 and	 more	 concepts	 solutions	 are	
explored,	 as	 sub	 solutions	 are	 combined	 systematically	 (Ulrich	 &	 Eppinger,	
2014).		
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5.2.1 Function Diagram   
In	order	to	generate	concepts	systematically,	a	clarification	of	the	problem	has	to	
be	made	at	first	(Ulrich	&	Eppinger,	2014).	Such	clarification	can	take	form	in	the	
shape	of	the	black	box	method	(see	figure	22	below).	With	the	preliminary	study	
in	mind,	the	current	challenge	can	be	described	as	“developing	a	product	that	is	
more	 effective	 than	 the	 current	market’s	 compression	 stockings”.	 After	 having	
the	customer	needs	 identified	and	the	specification	established,	a	more	specific	
deconstruction	of	 the	problem	and	challenges	can	be	made	with	 the	black	box	
method	(Ulrich	&	Eppinger,	2014).	The	black	box	can	be	further	build	upon,	by	
deconstructing	the	 functions	to	simple	sub-functions,	3-10	each,	without	giving	
any	 specific	 indications	 how	 the	 sub-functions	 are	 going	 to	 be	 executed	 or	
performed,	 but	 rather	 what	 the	 new	 design	 has	 to	 accomplish	 (Ulrich	 &	
Eppinger,	 2014;	 Cross,	 2008).	 While	 there	 are	 other	 ways	 to	 deconstruct	 the	
input	and	outputs	of	the	problem,	the	function	diagram	is	suited	for	this	kind	of	
design	 problem,	 as	 it	 is	more	 oriented	 towards	 the	 product’s	overall	 technical	
function,	rather	than	its	user	interaction	(Ulrich	&	Eppinger,	2014).	
 

 
Figure 22. A transparent black box of compression stockings, also known as function diagram. 

The sub-functions or the sub-problems are expressed in the same way; a verb with a noun (Cross, 
2008) 

5.2.2 Systematic Search   
One	of	the	methods	to	generate	concepts	systematically	is	by	using	the	concept	
combination	 table	 (see	 table	 6	 below).	 The	 methods	 require	 a	 number	 of	
concept-fragments,	which	are	sub-solutions	derived	from	other	concepts	 in	 the	
market.	 That	 phase	 has	 already	 been	 presented	 in	 the	 previous	 preliminary	
study	 phase.	 The	 previous	 function	 diagram	 dissected	 the	 current	 product’s	
overall	 sub-functions,	 or	 sub-problems.	 By	 having	 a	 function	 diagram	
established,	 a	 design	 team	 can	 focus	 and	 put	 limits	 to	 what	 the	 new	 product	
seeks	 to	 change	 and	 improve	 on	 the	 sub-functions.	 In	 this	 case,	 the	method	of	
“wearing	or	activating”	the	product	and	“storing	energy”	were	the	main	interests	
of	 the	project.	Which	was	 concluded	after	 realizing	 that	 the	produce	work	 sub-
function	 cannot	 be	 replaced	 or	 taken	 out,	 and	 still	 achieve	 the	 desired	 output	
sub-function,	compress	veins.	As	that	output	is	mandatory	in	order	to	produce	a	
more	efficient	blood	circulation,	without	taking	medicines	that	makes	the	blood	
thin.	Produce	work,	branches	from	essentially:	“method	of	wearing	the	product”	
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and	 “method	of	 applying	 the	pressure”.	Which	 is	why	 the	 concept	 combination	
table	below	are	divided	into	these	two	segments.		
 
Table 6. Concept combination table. Its main advantages are that it forces combination of concept 
fragments, some which were not thinkable from the design team, which helps the creative process 
(Ulrich & Eppinger, 2014). Two solution fragments to the sub-problem, Product Type were able 

to get screened away, by obtaining customer needs from observations followed by questionnaires. 
Product Types 

Trousers Separate 
Accessory Stockings Knee High Boots 

Method of Wearing It Pressure Maintenance 
Stretch Air Pressure 
Bend Elastic Energy 

Twist/Rotate Snap Grid 
Press Knot/Tie based 

 Chinese finger trap 
 
The	overall	amount	of	concept	that	can	be	generated	by	the	concept	combination	
table	 are	 2x4x5=40	 in	 this	 stage.	 There	 were	 initially	 120	 possible	 concept	
variations,	 counting	with	 the	 scrapped	 chair	 idea,	 but	more	 than	 half	 of	 them	
were	 able	 to	 be	 screened	 with	 the	 help	 of	 the	 findings	 in	 the	 observations,	
questionnaires	and	 interviews.	To	 furthermore	minimize	the	amount,	only	sub-
problems	 that	 was	 related	 got	 explored	 (Ulrich	 &	 Eppinger,	 2014).	 Their	
relevancy	was	mainly	decided	from	logic	and	findings	from	the	ideation	sketches.		
 

 
Figure 23. An image extraction from a figure in the Attachment C section. Low-fidelity sketches 

were made to explore the solution fragments to the sub-problem, “method of wearing it”. 
 
Fragments	screening	began	as	sketches	were	made,	as	some	proved	unadaptable	
to	 the	type	of	product	and	unfitting	 for	 the	target’s	group	needs	(see	 figure	23	
above).	 Using	 elastic	 energy	 or	 making	 a	 tie	 at	 the	 gaiter	 area	 in	 order	 to	
maintain	pressure	in	a	trousers	product	proved	problematic,	as	those	are	based	
on	a	 constant	pressure	mechanics,	 and	as	proved	 from	 the	 interviews,	 the	 foot	
and	the	leg	starts	to	get	numb	around	5	minutes	of	40	mmHg.	While	it	is	possible	
to	untie	the	trousers,	a	product	that	requires	a	constant	adjustment	done	by	the	
hands	in	a	tight	space	could	prove	troublesome	and	undesirable.	As	for	the	snap	
grid	 fragment,	 it	proved	unfitting	to	a	product	 that	 is	 textile	based,	as	 trousers.	
That	 fragment	 is	more	suitable	 to	 robust	products,	such	as	 separate	accessory,	
which	 will	 be	 discussed	 below.	 Robust	 trousers	will	 not	 fit	 the	 target	 group’s	
dress	 code.	 The	 bending	 fragment	 was	 explored	 though	 sketches,	 and	 proved	
promising	ideas,	to	those	who	has	difficulty	to	wear	trousers	by	themselves,	thus	
making	 it	 a	 good	 case	 for	 inclusive	 design.	 However,	 this	 particular	 solution	
deviated	from	the	current	target	group.	As	bending	trousers	specifically	seemed	
too	radical	in	comparison	to	the	natural	way	of	wearing	them.	
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Separate	accessory	was	considered	at	 first,	as	it	was	the	second	most	desirable	
product	for	keeping	the	body	healthy.	However,	due	to	further	interpretation	of	
the	 customer	 needs,	 it	 proved	 rather	 inconvenient.	 As	 a	 separate	 attachable	
gadget	or	accessory	would	mean	that	the	workers	would	either	have	to	carry	it	
to	 their	 job	 -	 as	 it	 is	uncommon	 to	 take	a	briefcase	or	driving	 to	 the	 job	 for	 IT	
workers,	as	observed	from	the	inquiry	-		or	wearing	it	before	going	out.	Having	a	
separate	 product	 would	 mean	 that	 the	 customer	 is	 forced	 to	 carry	 another	
product,	which	makes	 less	 likely	 to	be	desired.	Not	 to	mention,	 carrying	 it	 and	
equipping,	wearing	or	installing	it	at	the	workplace	could	prove	troublesome	of	
the	already	tight	working	environment.		
	
It	can	also	be	compared	to	how	a	participant	 said	 in	 the	questioners,	 that	 they	
did	 not	wear	 socks	 because	 they	were	 too	 lazy.	 Using	 “unnecessary”	 products	
can	prove	troublesome,	and	if	wearing	a	well-established	product	such	as	socks	
is	 considered	 bothersome	 to	 some,	 then	 using	 a	 new	 inventive	 gadget	 is	 less	
likely.	By	using	trousers,	which	cannot	be	skipped	over	in	a	daily	routine,	unlike	
socks,	then	it	becomes	more	likely	for	the	user	to	consider	it.	Of	course,	selecting	
trousers	as	a	concept	means	that	they	have	to	be	long	trousers,	for	one	because	
the	main	mechanics	will	be	to	manipulate	the	calf	pump	muscles.	This	could	be	
seen	as	a	major	drawback,	as	it	is	common	to	wear	shorts	and	skirts	in	the	humid	
China.	However,	 it	 fits	 the	target	group	perfectly,	as	 their	clothe	code	are	suits,	
with	some	varying	changes	to	the	upper	body,	but	not	to	the	lower.		
	

Table 7. Trousers’ concept combination table. The red fragments are the ones that got screened 
away. Leaving only Press and Chinese finger trap, by the end. 

Product type: Trousers 
Method of Wearing It Pressure Maintenance 

Stretch Air Pressure 
Bend Elastic Energy 

Twist/Rotate Snap Grid 
Press Knot/Tie based 

 Chinese Finger Trap 
	
The	last	fragment-solution	screening	was	also	made	out	of	analysis	and	sketches	
(see	 table	 7	 above).	 It	 was	 decided	 to	 scrap	 the	 idea	 of	 using	 air	 pressure	
maintenance,	 in	 favor	 of	 the	 Chinese	 finger	 trap	 (CFT)	 pressure	maintenance.	
Mainly	due	to	the	fact	that	CFT’s	mechanism	could	fit	inside	the	trouser	without	
taking	any	significant	space	(see	Attachment	C	for	a	real	life	CFT	toy),	while	the	
air	pressure	relies	on	balloon	inflation,	which	requires	extra	volume.	This	added	
volume	meant	that	it	had	to	be	either	installed	outside	the	trouser,	which	makes	
it	more	like	a	separate	accessory,	or	if	inside,	meant	that	the	trousers	had	to	be	
extra-large.	The	CFT	mechanism	relies	on	 fundamental	physical	 tension,	which	
can	be	produced	for	cheap,	while	 the	pneumatic	devices	are	more	complicated.	
Maintaining	air	pressure,	 like	pneumatic	devices,	 also	means	 that	more	unique	
material	will	most	likely	be	involved.	Rigid	materials	such	as	plastic	or	metals.		
	
This	 could	 provide	 the	 product	 a	 robust	 attribute,	 which	was	 supposed	 to	 be	
avoided,	 as	 derived	 from	 the	 questionnaires.	 Not	 to	 mention,	 trousers	 that	
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expands	 in	 volume	 will	 attract	 attention,	 and	 is	 much	 less	 discrete	 than	 CFT,	
which	 was	 also	 a	 customer	 wish	 derived	 from	 the	 qualitative	 study.	 This	
concludes	 the	 early	 phase	 of	 the	 concept	 combination	 table,	with	 one	 possible	
concept	 solutions	 (1X1),	 prior	 to	 120.	 The	 next	 phase	 will	 explore	 these	 two	
alternatives	through	explorative	and	explanatory	sketches.		

5.2.3 Sketching Process 
Rapid	 sketching	 focuses	 on	 sparking	 a	 conversion	 on	 around	 possibilities	 of	
ideas,	rather	on	fixed	design	concepts	(Henry,	2012).	These	types	of	sketches	are	
called	low-fidelity	sketches,	and	centers	around	having	a	low	level	of	realism.	To	
increase	the	fidelity,	light,	shadow,	shade,	and	colour	rendering	has	to	be	applied,	
but	most	importantly,	sketching	an	accurate	geometry	(Henry,	2012).	Being	able	
to	decide	when	to	lower	and	increase	the	concept’s	fidelity	is	a	significant	aspect	
in	 being	 a	 designer,	 as	 it	 affects	 the	 designer’s	 workflow,	 internal-	 and	 teams	
communication	(Henry,	2012).	A	good	low-fidelity	sketch	refers	to	having	a	good	
ambiguity,	 that	 is	 to	 say,	 a	 right	 amount	 of	 realism	 which	 allows	 the	 human	
perception	to	fill	in	the	void,	which	allows	exploring	unseen	possibilities,	like	the	
previous	 concept	 combination.	That	 is	not	 to	say	a	 low-fidelity	 sketch	 is	 a	bad	
drawing,	 that	 would	 be	 called	 bad	 ambiguity;	 a	 sketch	 that	 looks	 impossible,	
paradoxical,	or	unstable	like	Penrose	triangle.		
	
To	 further	 expand	 on	 the	 idea	 of	 fidelity,	 sub-categories	 for	 the	 discussed	
sketching	terminology	can	be	taken	from	the	likes	of	Buxton	(2007)	and	Olofsson	
&	Sjölén	 (2007).	They	 further	define	 the	purpose	 to	each	 type	of	 sketch	and	 to	
whom	it	 is	made	for.	 Ideation	 is	used	as	 from	a	designer,	 to	designers	(Buxton,	
2007).	 It	 strong	 points	 is	 that	 it	 is	 fast	 and	 rough,	 thus	 leaving	 no	 room	 for	
misconception	that	it	is	the	final	concept	(Buxton,	2007).	It	is	therefore	generally	
described	as	Thinking	Drawings	(Buxton,	2007).  
 

 
Figure 24. The structure and incorporated theories of the design sketching process, taken from 

Henry (2012), Buxton (2007), and Olofsson & Sjölén (2007).  
 

Explorative	 sketches,	 also	 known	 as	 investigative	 sketches,	 are	 more	 defined,	
and	is	used	to	explore	functions	and	forms	(Olofsson	&	Sjölén,	2007).	Then	there	
is	Eplanetory	sketches,	which	comes	after	a	concept	is	selected,	and	needs	added	
details	 that	 describes	 how	 it	 works	 and	 interacts	 (Olofsson	 &	 Sjölén,	 2007).	
Lastly,	when	everything	is	decided,	a	Persuasive	concept	is	made,	which	does	not	
only	show	and	explain	the	product	at	the	highest	detail,	but	its	core	purpose	is	to	
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sell	 the	 concept,	 through	 artistic	 flair	 and	 emotion,	 something	 that	 is	 hard	 to	
achieve	by	3D	CAD	models	(Olofsson	&	Sjölén,	2007).	To	grasp	the	relationship	
between	the	discussed	sketches,	see	figure	24	above.	

5.3 Mock-ups 
Models	and	 forms	 implemented	during	 the	design	process	gives	 the	designers,	
the	rest	of	the	project	team	and	the	potential	clients	a	better	understanding	over	
how	solutions	functions	and	experienced	(Wikberg-Nilssons	et	al.,	2015).	In	fact,	
one	 of	 the	 designer’s	 most	 valuable	 asset	 is	 to	 prototype,	 being	 able	 to	
experiment	 thorough	 physical	models,	 in	 order	 to	 find	 usable	 and	 satisfactory	
portrayals	of	 the	 solutions	 (Wikberg-Nilssons	et	 al.,	 2015).	The	process	 should	
actively	be	ongoing	with	the	sketching	process,	meaning	that	this	early	prototype	
phase	 should	 have	 models	 with	 a	 low	 complexity	 to	 them.	 By	 doing	 that,	 an	
iterative	process	between	mock-ups	and	sketching	can	be	utilized	and	keeps	the	
ideas	ongoing	to	its	fullest	(Hallgrimsson,	2013).	
	
Having	 explored	 possible	 concepts	 with	 established	 physics	 and	 mechanics	
theories,	the	next	step	was	to	test	them.	The	concept	shown	below	tests	the	idea	
of	 using	 the	 Chinese	 finger	 trap	 (CFT)	 mechanic,	 at	 the	 same	 time,	 exploring	
different	 leg	 and	 foot	 positions	 the	 sitting	 person	 can	 take	 in	 a	 tight	 space.	
Masking	 tape	was	used	 to	 lock	 the	 trousers’	 side	 stripes,	while	 simultaneously	
fasten	one	side	of	the	CFT.	As	the	basic	principle	of	the	CFT	is	to	have	a	volume	of	
a	body	enter	a	cylinder-shaped	object,	and	while	the	body	tries	to	exit	with	force,	
the	object	stretches	and	the	diameter	becomes	narrower,	thus	the	body	can	only	
exit	the	object	by	flattening	it	first,	which	is	how	people	undress	their	trousers	to	
begin	with.	So,	the	user’s	adoptability	to	the	mechanic	will	not	be	complicated	in	
that	regard.	The	second	requirement	in	order	to	mimic	the	CFT’s	mechanic,	is	to	
have	another	force	at	the	other	end.	This	role	is	taken	by	the	pre-existing	natural	
force	a	human	always	emits,	the	gravitational	force,	which	is	mainly	distributed	
at	 the	 seat	 pan.	 The	 idea	 came	 to	 during	 the	 sketching	 phase,	 when	 the	
mechanical	 equilibrium	 was	 mapped	 out	 on	 the	 IT-workers’	 sitting	 position.	
During	 that	 time,	 analogies	 such	 as	 “why	 require	 extra	movements,	 when	 you	
naturally	 have	 forces	 on	 you	 “,	 were	 used.	 As	 analogies	 helps	 the	 designer	 to	
explore	and	reconsider	things	relation	(Cross,	2008).	
	
Now	having	two	forces	holding	on	to	each	end,	the	last	requirement	is	to	have	at	
least	one	of	them	push	away	in	a	direction	to	distance	itself	from	the	other	end,	
an	articulation.	This	movement	will	be	executed	by	leg	articulation	(see	figure	25	
below).	The	purpose	of	the	mock-up	was	among	other,	to	test	which	movements	
were	possible,	gave	the	least	muscle	strain,	did	the	concept	hold	up	and	to	see	if	
unexpected	 calculations	 had	 gone	 by.	 If	 the	 CFT	 concept	 does	 not	 work,	 the	
findings	on	 the	 leg	 positioning	will	 help	 the	 other	 product,	 that	 focuses	 on	 air	
pressure,	as	that	will	most	likely	also	rely	on	the	leg	articulation	to	pump	the	air	
balloons.	
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Figure 25. Exploring every posture opportunity to the customer. The trousers represented a 

possible inner layer that mimics the possible Chinese finger trap. Masking tape were used to 
fasten the lower end of the trousers, while the upper part was fastened by the natural weight of the 

user on the seat pan. 
 
The	findings	were	positive.	As	theorized	 from	the	sketches,	 the	trousers	can	be	
compared	to	beam	bending	in	mechanics.	When	a	beam	is	bent,	it	is	exposed	to	
tension	and	compression	on	opposites	surface	side.	The	same	can	be	said	to	the	
trousers.	 If	 the	 three	 stripes	 on	 the	 trousers	 represent	 the	 neutral	 axis,	 then	
above	the	line	(in	a	sitting	position)	becomes	the	surface	that	gets	exposed	to	the	
compression,	and	under	the	line	becomes	the	part	that	gets	exposed	to	tension,	
under	 leg	 positions	 that	 stretches	 itself	 forward,	 such	 as	 panel	 5	 and	 6	 in	 the	
figure	 above.	 Realistically,	 applying	 beam	 physics	 does	 not	 work	 on	 trousers,	
nonetheless,	the	analogy	helps	out.	Leg	positions	that	takes	advantage	of	the	calf	
muscle	 pump,	 such	 as	 panel	 1,	were	 hard	 to	 perform.	 It	 could	 be	 said,	 that	 in	
order	 to	make	 a	 leg	 articulation	 that	 is	 likely	 to	 be	 performed	 by	 the	 user	 to	
generate	 pressure	 and	 open	 the	 leg’s	 valves,	 the	 foot	 has	 to	 either	 be	 having	
ground	 contact	with	 its	 front	 footpad	 or	 heel.	 Ideally,	 the	walking	movements	
should	be	mimicked,	 in	order	to	open	and	close	the	valves	naturally.	Panel	1-3	
positions	 the	 foot	 near	 the	 sitting	 object	 and	 are	 more	 reliable	 on	 the	 front	
footpad	 articulation.	 Having	 the	 leg	 positioned	 like	 that	 causes	 higher	 stress	
concentration.	 Not	 only	 that	 but	 lifting	 the	 heels	 and	 standing	 on	 the	 front	
footpad	 with	 leather	 shoes	 is	 not	 only	 difficult	 to	 do	 but	 will	 wear	 its	 upper	
surface	out	in	the	long	run.	Which	is	why,	if	the	concept	becomes	either	CFT	or	
air	pressure	based,	 the	articulation	to	produce	the	pressure	should	be	oriented	
towards	panel	5-6.	Figure	26,	down	below	summarizes	the	findings	in	the	of	this	
mock-up	 test.	 The	 mock-up	 test	 also	 concludes	 that	 product	 has	 to	 consist	 of	
three	 parts	 in	 order	 to	 function	 as	 a	 CFT;	 the	 trouser,	 the	 inside	 compression	
mechanic	and	a	“foot	hook”.	 In	order	to	mimic	the	CFT,	besides	a	pulling	 force,	
the	 inside	compression	mechanic	has	 to	be	 fastened	at	 each	end.	The	upper	end	
being	stitched	at	the	knee	area,	and	the	under	end	around	the	foot,	the	so-called	
foot	hook.	
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Figure 26. Drawing parallels between positions in the mock-ups and the CFT toys. 

5.4 Evaluation 
The	 concept	 evaluation	 process	 usually	 consists	 of	 two	 processes,	 early	
screening	 and	 final	 scoring	 (Ulrich	 &	 Eppinger,	 2014).	 While	 different,	 both	
follow	 the	 same	 core	 process;	 arranging	 a	 selection	matrix	with	 the	 criterions	
based	 around	 the	 product	 specification,	 grading	 and	 ranking	 the	 concepts,	
combine	 the	 promising	 attributes	 and	 improve	 upon	 them.	 Lastly,	 choosing	 at	
least	one	concept	to	follow	through	(Ulrich	&	Eppinger,	2014).		This	section	will	
present	these	processes.	

5.4.1 Screening  
The	 concept	 screening	 main	 goal	 is	 to	 narrow	 down	 the	 massive	 number	 of	
concepts	 that	 has	 been	 generated	 (Ulrich	 &	 Eppinger,	 2014).	 Five	 promising	
concepts	were	 chosen	 for	 the	 concept	matrix	 (see	 figure	 27	 below).	Many	 less	
promising	were	screened	beforehand,	without	the	need	of	a	matrix,	as	they	had	
already	been	proved	unfitting	with	the	help	of	the	qualitative	inquiry,	primarily	
study	and	a	deep	material	analysis.	Thus,	putting	them	on	a	matrix	would	only	be	
an	ill	use	of	time.		
	
	

 
 

Figure 27. The most promising generated concepts. Their full illustration can be found on the 
Attachment C section.  
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Two	out	of	 the	concepts	were	screened	 in	the	matrix,	one	was	to	be	 improved,	
two	were	to	be	combined,	and	one	were	to	proceed	as	it	is	to	the	concept	scoring	
(see	table	8	below).	Zig	Zag	String’s	main	problem	was	that	its	pressure	from	the	
elasticity	would	be	lost	once	cut.	Which	is	why	it	was	decided	to	be	revised	with	
no	 cuts.	 As	 for	 the	 Chinese	 Finger	 Trap	 (wood	 chips),	 an	 exploration	 of	 the	
potential	material	choice	was	held	beforehand	with	the	help	of	a	benchmarking,	
some	 included	wood	chips,	Nylon	16,	stainless	 steel	wire,	PP	plastic	mesh.	But	
none	 really	 fitted	 the	 intended	 product,	 more	 of	 which	 is	 discussed	 at	 the	
material	selection	section.	During	that	time,	a	socks	manufacturer	was	contacted	
to	discuss	if	it	was	possible	to	sew	stockings	with	the	same	waving	principle	that	
a	Chinese	 finger	trap	 is	based	on	(see	the	consultations	 section	 for	an	extended	
description).	 The	 answer	was	 yes,	 as	 the	machines	only	 required	 a	 coded	USB	
stick.	 to	put	 the	programming	 information	 in	order	to	operate	with	the	sewing	
pattern.	Meaning	that	 as	 long	manufactures	were	handed	the	right	programing	
code,	the	CFT	could	be	mass	manufactured	with	fibre	with	ease.		
	

Table 8. Pugh’s screening matrix.	

		
	
Sketches	of	the	foot	hook	were	also	iterated	and	screened.	See	Attachment	C	for	
the	sketches.	The	challenge	was	to	create	a	hook	that	does	not	slide	up,	does	not	
have	several	holes	in	order	to	make	it	easier	to	slide	the	foot	down	and	is	not	too	
covering	 for	 thermoregulations	 sake.	 A	 concept	 resembling	 women’s	 “open	
socks”	 was	 chosen	 (see	 figure	 28	 below).	 It	 is	 typically	 used	 alongside	 heels,	
which	is	ideal	for	wearing	heels	with	socks	while	keeping	them	hidden.	
	

  
Figure 28. Open socks inspired foot hook. Images taken from Aliexpress (2018).  



 46 

5.4.2 Testing 
The	concept	sketches	were	all	tested,	iterated,	and	explored	around,	in	order	to	
comprehend	their	shortcoming	(see	figure	29	below).	Concept	Origami	proved	to	
be	unfitting,	no	matter	what	type	of	folding	mechanic	it	had.	This	was	mainly	due	
to	the	products	use	of	pressure	and	 its	restricting	tight	space.	The	concept	was	
supposed	to	fold	and	unfold	by	stretching	the	leg	in	a	sitting	position,	creating	a	
dynamic	pressure	activation,	in	comparison	to	the	usual	compression	stockings’	
static	pressure.	That	idea	did	indeed	work	to	some	extent	with	the	testing,	save	
that	 a	 more	 efficient	 type	 of	 origami	 that	 were	 more	 suited	 to	 the	 vertical	
stretching	 could	 have	 been	 discovered.	 However,	 the	 core	 idea	 had	 its	 flaw.	
While	it	is	folded	the	edges	that	pops	up	are	going	to	be	in	contact	with	the	leg,	in	
the	case	of	the	figure	down	below,	the	top-left	origami	is	going	to	have	its	zigzag	
pattern	be	in	touch	with	the	leg,	meaning	all	the	pressure	that	were	supposed	to	
be	 exerted	 in	 the	 sitting	 position	 are	 distributed	 at	 the	 small	 zigzag	 area,	 as	
p=(F/A)	would	tell.	
 

 
Figure 29. Testing the promising concepts.  

 
The	 figure	above	also	shows	 for	example	 the	revised	Zig	Zag	String	 concept.	 It	
was	 discovered	while	 testing	 it	 that	 the	 tension	 from	pulling	 the	 thread	 down	
was	too	much	for	 the	stockings,	as	 it	seemed	 like	 it	would	tear	 it	down.	Now	a	
better	 solution	 with	 the	 same	 core	 concept	 could	 have	 been	 sought,	 but	 that	
seemed	 like	 it	would	 only	 increase	 the	 amount	 of	machine	 steps,	materials	 or	
require	additional	handicrafts,	as	opposed	to	machine	manufacturing.	All	 in	all,	
the	price	would	increase,	which	is	why	the	concept	was	later	abandoned.	
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5.4.3 Scoring  
The	concept	scoring	has	a	more	detailed	and	descriptive	scoring	scale,	with	the	
use	of	weighted	selected-criteria	(Ulrich	&	Eppinger,	2014;	Cross,	2008).	Scoring	
is	 actually	 not	 a	 necessary	 step	 in	 the	 design	 process,	 if	 the	 screening	 gave	 a	
dominant	 concept	 (Ulrich	&	Eppinger,	2014).	But	 that	was	not	 the	 case	 in	 this	
project,	as	previously	documented.	Which	is	why	it	was	decided	to	procced	into	
the	next	descriptive	scoring	scale.	Each	former	criterion	is	given	their	respective	
weight,	 and	each	concept	 is	 given	a	 score	 from	1	 to	5	 (see	 table	9	below).	The	
concept	that	is	being	used	as	a	reference	is	given	a	score	of	3	on	all	of	the	criteria.	
2	meaning	worse,	1	is	much	worse,	3	is	the	same	as	the	reference,	4	is	better,	and	
5	is	much	better	(Ulrich	&	Eppinger,	2014;	Cross,	2008).	By	the	end	of	the	matrix	
analyses,	it	was	decided	only	continue	with	concept	BC.			

 
 

Table 9. Weighted concept matrix.	
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6 Material Analysis 
The	 material	 selection,	 as	 previously	 mentioned,	 have	 been	 considered	
throughout	 the	 project,	 but	will	mostly	 be	 addressed	 here.	 In	 fact,	 it	 has	 been	
ongoing	 in	 tandem	with	 the	 concept	 generation	 and	 evaluation.	 Choosing	 the	
material	 to	 the	 concept	will	have	a	direct	 impact	 to	 the	product's	 requirement	
specification.	 It	 is	 arguably	 the	 most	 influence	 choice	 to	 a	 product,	 as	 it	 can	
change	production	cost,	durability,	elasticity,	weight,	lifespan,	and	manufacturing	
process	 (Cuffaro	 et	 al.,	 2013).	 The	 focus	 will	 be	 put	 on	 selecting	 materials	
suitable	for	the	inner	compression	mechanic.	Those	materials	should	not	only	be	
optimal	for	the	compression	mechanic	and	sustainable	development	but	should	
also	be	compatible	with	the	pre-existing	trousers	that	it	will	be	stitched	with.	As	
that	could	lead	to	a	better	recycling	coherence	between	the	trouser	and	the	inner	
compression	mechanic,	by	minimizing	the	amount	of	unique	materials	used.	
	
This	 means	 that	 a	 balance	 between	 attributes,	 function,	 commerce,	 ecology,	
equity,	 and	 manufacturing	 methods	 has	 to	 be	 balanced	 when	 selecting	 a	
material.	 As	 there	 is	 no	 perfect	 solution,	 as	 it	 is	more	 a	matter	 of	 prioritizing	
different	needs,	the	project	will	be	exploring	different	school	of	thought	that	are	
pioneers	 and	 leader	 in	 their	 areas,	 while	 exploring	 materials	 that	 appears	
appropriate,	 discuss	 their	 problems	 and	 possible	 solutions.	 Finding	 materials	
that	 can	 be	manufactured	 in	 a	 process	 that	 is	 commonly	 available	 to	 the	 local	
companies	 is	 just	 as	 important,	 as	 it	 reduces	 the	 cost	of	 purchasing	 additional	
machines	 and	 hire	 educated	 employees.	 Lastly,	 choosing	 an	 appropriate	
manufacturing	method	will	be	as	 important.	The	decision	will	mainly	be	based	
on	the	product’s	detail	and	series	size	(Leijon,	2014).	

6.1 Sustainable Development  
There	 are	 three	 factors	 that	 have	 to	 be	 equalized	 simultaneously,	 in	 order	 to	
achieve	 a	 sustainable-	 or	 an	 environmental	 friendly	 development	 (Ljungberg,	
2005;	McDonough	&	Braungart,	2009)	Those	 factors	are	environment/ecology,	
equity,	 and	 economy/commerce	 (Ljungberg,	 2005;	 McDonough	 &	 Braungart,	
2009).	 Interestingly	enough,	culture	 is	sometimes	traded	with	equity	as	a	 third	
factor	(Thorpe,	2008).	While	equity	focuses	on	dealing	with	poverty	issues,	use	
of	natural	resources,	and	sees	that	equal	rights	are	given	to	the	workers,	culture	
focuses	 on	 those	 mentioned	 and	 more.	 It	 takes	 environment-	 and	 culture	
heritage	 into	account	as	well,	 and	puts	 language,	 technology,	 and	beliefs	 at	 the	
center	 and	 asks	 what	 should	 be	 kept	 and	 what	 should	 be	 forgotten	 (Thorpe,	
2008).	
	
It’s	 a	 common	 belief	 that	 a	 design	 that	 focuses	 on	 an	 eco-friendly	 solution	
disregard	 the	 commerce	 side,	 as	 if	 the	 interests	 of	 commerce	 and	 the	
environment	are	 inherently	 in	 conflict	 (McDonough	&	Braungart,	2009).	 It	 is	 a	
fair	assumption,	as	many	designer	acts	that	way,	even	if	they	do	not	really	have	
that	 mind	 set.	 From	 investors	 perspective,	 a	 designer	 that	 pushes	 the	
environmentalist	 politics	 can	 be	 seen	 as	 off-putting,	 as	 they	 try	 to	 promote	
unpleasant,	 bothersome,	 low-tech,	 and	 impossible	 expensive	 design	
(McDonough	 &	 Braungart,	 2009).	 Which	 is	 one	 of	 the	 major	 reasons	 why	
companies	 do	 not	 invest	 on	 eco-friendly	 products,	 they	 are	 designed	
unprofitable	(McDonough	&	Braungart,	2009).	The	problem	with	that	is	that	the	
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environmentalist	has	their	own	perspective	on	the	matter,	they	want	to	make	an	
eco-friendly	 product,	 despite	 how	 uncommercial	 it	 is.	 However,	 in	 order	 for	 a	
sustainable	development	to	work,	ecology	should	celebrate	the	business	side	of	
the	 spectrum	 (McDonough	 &	 Braungart,	 2009;	 Ljungberg,	 2005).	 Meaning,	 by	
incorporating	 a	 green	 design	 to	 the	 development,	 the	 sells	 number	 should	
increase	 too.	 One	 of	 the	 most	 prominent	 way	 to	 achieve	 that	 is	 by	 using	
recyclable	 materials.	 For	 example,	 using	 PE	 thermoplastic	 will	 let	 the	
manufacturer	 reuse	 the	 material,	 causing	 less	 investment	 on	 new	 materials,	
while	simultaneously	leaving	a	smaller	ecological	footprint	behind.	However,	by	
using	 this	 method,	 the	 chemical	 chains	 on	 the	 plastics	 will	 weaken	 each	 time	
they	get	recycled,	resulting	to	a	so	called	down-cycling,	as	 the	same	properties	
are	not	kept.	The	eco-friendly	movement	aims	to	decrease	the	toxic	waste,	but	in	
some	 cases	 can	 be	 more	 destructive	 in	 the	 long-term.	 To	 achieve	 the	 perfect	
balance	 in	 sustainable	 development,	 a	 method	 called	 up-cycling	 have	 to	 be	
incorporated	 (McDonough	 &	 Braungart,	 2009).	 Which	 mimic	 nature’s	 eco-
system,	 that	 waste	 equals	 food	 (McDonough	 &	 Braungart,	 2009).	 Or	 in	 other	
words,	 everything	 eats	 of	 into	 each	 other.	 Countless	 organisms	 and	
microorganism	nurses	them	self	from	decomposed	flowers,	and	then	enrich	the	
soils,	where	other	flowers	grow	up.	This	loop	does	not	exist	for	products	that	for	
example	 uses	 synthetic	 polymers,	 as	 they	 usually	 end	 up	 in	 the	 ocean	 and	
causing	 the	 death	 of	 sea	 creatures	 and	 polluting	 the	 sea	 (McDonough	 &	
Braungart,	 2009).	 However,	 mimicking	 the	 ecology	 system	 where	 every	
organisms	and	microorganism	benefits	of	each	other	have	been	long	adopted	by	
the	Chinese	farmers	over	1000	years	before,	where	they	used	biological	wastes	
on	 their	 rice	 paddies	 to	 return	 the	 nutrition	 gained	 from	 the	 food,	 and	 also	
protect	 them	 from	pathogens	 (McDonough	&	Braungart,	 2009).	 This	 system	 is	
not	commonly	used	today	however,	as	more	western	systems	have	been	adopted	
(McDonough	&	Braungart,	2009).	By	 incorporating	the	up-cycling	model	 to	 the	
product’s	 development,	 not	 only	 will	 there	 be	 more	 profits,	 higher	 living	
standards	 to	 the	 workers	 and	 no	 ecological	 footprint,	 but	 the	 country	 will	 be	
using	one	of	their	own	tradition,	and	not	borrowing	from	outside	sources.	

6.1.1 Economic Cycles 
There	are	usually	six	phases	 for	a	product’s	life	cycle	(Ljungberg,	2005).	Taken	
from	 a	 voluntary	 international	 environmental	 standard,	 the	 ISO	 14000	 uses	 a	
tool	called	The	Life	Cycle	Assessment	(LCA)	to	evaluate	the	products	ecological	
performance	 (Ljungberg,	 2005).	 The	 phases	 are:	 raw	 material	 extraction,	
manufacturing	 refinements,	 packaging,	 material	 and	 product	 transportation,	
product	use,	and	disposal	(Ljungberg,	2005).	The	goal	of	this	project	is	to	close	
the	 loop,	 instead	 of	 having	 a	 cradle-to-grave	 formula,	 using	 a	 cradle-to-cradle	
instead	(McDonough	&	Braungart,	2009).	In	order	to	do	that,	the	types	of	cycles	
have	 to	be	explored,	 in	order	 to	 choose	materials	 that	 is	 specifically	 suited	 for	
this	product	and	the	sustainable	development.	There	are	two	paths	a	product	can	
choose	 to	 follow	 to	 achieve	 a	 “sustainable	 cycle”;	 using	 a	 biological	 cycle	 or	 a	
technical	cycle	(McDonough	&	Braungart,	2009).	The	biological	cycle	focuses	on	
using	 materials	 that	 becomes	 food	 to	 organisms	 and	 microorganism	 as	
previously	 discussed.	 Those	materials	 are	 called	 biological	 nutrients,	 and	 they	
can	 be	 found	 commonly	 in	 products	 with	 a	 short	 life-cycle,	 like	 packaging	
(McDonough	&	Braungart,	2009).	Technical	cycles	use	materials	that	stays	in	the	
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industry	 in	 a	 closed-loop.	 These	 materials	 are	 called	 technical	 nutrients	
(McDonough	 &	 Braungart,	 2009),	 and	 their	 typical	 example	 would	 be	 PET-
bottles.	 Biological	 nutrients	 must	 not	 contain	 chemical	 substances	 with	 or	 in	
them,	 in	 order	 to	 keep	 their	 metabolism	 cycle	 successful	 and	 valuable	
(McDonough	 &	 Braungart,	 2009).	 Those	 nutrients	 should	 not	 be	mixed	 in	 the	
same	 product,	 as	 the	 technical	 metabolisms	 can	 to	 some	 extent	 contain	
substances	 that	 would	 harm	 the	 biological	 cycle’s	 metabolism,	 and	 vice	 versa	
(McDonough	&	Braungart,	2009).	By	separating	the	biological	nutrients	from	the	
technical	 cycle,	 the	 technical	 nutrients’	 high	 quality	 can	 be	 preserved	 in	 the	
closed-loop,	thus	the	product	becomes	up-cycled,	rather	than	re-	or	down-cycled	
(McDonough	&	Braungart,	2009).		
 
Lastly,	McDonough	&	Braungart	(2009)	discusses	that	products	of	service	should	
not	be	designed	to	withstand	their	time	of	use.	For	products	like	shampoos,	it	is	
the	is	inside	that	is	being	used,	not	the	packaging.	Yet,	the	packaging	is	the	most	
durable,	and	has	a	life-time	beyond	its	use.	Most	of	which	is	spent	on	a	landfill,	
which	has	several	negative	consequences,	from	an	equity	and	a	commerce	angle,	
as	effort,	energy	and	materials	get	lost	as	soon	as	the	product	gets	manufactured.	
Millions	of	new	raw	materials	must	be	extracted	each	year,	as	nutrients	are	not	
used	to	their	full	potential.		

6.2 Narrowing Structural Materials  
There	 are	 typically	 six	 types	 of	 structural	 materials;	 metals,	 ceramics,	 plastic	
(synthetic	 polymers),	 natural	 organic	 and	 inorganic	materials,	 and	 composites	
(Ljungberg,	 2005).	 The	 previous	 discussed	 nutrients	 are	 not	 necessary	
exclusives	to	a	single	structural	material,	but	rather	could	be	more	common	to	a	
material	category.	For	example,	metals	have	many	materials	that	are	good	at	the	
technical	cycle,	while	organic	materials	are	usually	good	for	the	biological	cycle.	
While	each	have	their	disadvantages	usually	documented	on	tables,	this	project	
will	 look	 at	 their	 pros	 and	 cons	 rather	 as	 attributes.	 As	 general	 unwanted	
characteristics	may	be	sought	out	for	this	specific	product.		
	
The	overall	goal	is	to	find	a	material	that	has	sustainable	attributes,	that	is	to	say,	
is	profitable,	while	still	ecology	and	equity	 friendly,	 if	not	even	 increasing	their	
current	 status.	 While	 sustainable	 development	 is	 important,	 they	 are	 not	 the	
only	thing	to	dictate	the	choice	of	the	material.	Having	a	concept	selected	means	
that	 the	material	 has	 to	 be	 compatible	with	 its	mechanism.	 In	 other	words,	 a	
material	 cannot	 only	 reach	 the	 sustainable	 development	 criteria,	 if	 the	 said	
material	 cannot	 function	with	 the	 product	 to	begin	with.	 Aside	 from	 requiring	
the	CFT	material	to	be	durable,	yet	still	flexible,	and	not	causing	skin	irritation	or	
harm	at	the	end	of	its	life	cycle,	how	and	what	it	will	be	used	during	its	life	cycle	
cannot	be	dismissed.	For	instance,	like	the	compression	stockings,	trousers	are	a	
wearable	 hygiene	 product,	 that	will	 be	washed	 several	 times	 during	 its	 usage.	
This	 is	 important	 to	 note,	 as	one	 of	 the	most	 sustainable	materials	 are	 fragile,	
compostable	 material,	 thus	 unfitting	 for	 products	 that	 requires	 constant	
washing.		
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Synthetic	polymers	are	a	very	promising	material	candidate.	It	can	be	divided	to	
the	 sturdy	 thermoset	 polymer	 or	 the	 recyclable	 thermoplastic	 (Cuffaro,	 et	 al.,	
2013;	Brennert,	1993).	This	project	will	 only	explore	 the	 thermoplastic	 side	of	
the	 polymers.	 Not	 only	 is	 thermoset	 generally	 more	 expensive	 to	 produce	
(Leijon,	2014),	but	it	is	also	hard	to	stretch	(Howes	&	Laughlin,	2012),	which	is	
the	main	 integral	part	of	 the	CFT’s	mechanism.	By	 choosing	 thermoplastic,	 the	
material	 will	 also	 be	 easier	 thus	 cheaper	 to	 re-cycle,	 than	 thermoset	 (Leijon,	
2014).	 The	 disadvantage	 of	 plastic	 material	 recycling	 is	 that	 its	 quality	 gets	
worse	 after	 each	 cycle,	 making	 it	 unsuitable	 for	 products	 that	 requires	 high-
performance	(Howes	&	Laughlin,	2012).	Not	to	mention,	its	relatively	expensive,	
which	 is	why	 about	 only	 4%	of	 the	 plastic	materials	 got	 recycled	 back	 to	 raw	
material	 in	 2010	 (Leijon,	 2014).	 Thermoplastic	 can	 further	 be	 structured	 into	
two	axes	(Bruder,	2015),	see	figure	30	below.	As	plastics	are	made	from	raw	oil	
(Ljungberg,	 2005),	 the	 first	 y-axis	 can	 be	 based	 on	what	 type	 of	 oil	 they	were	
created	 with	 (Bruder,	 2015).	 The	 x-axis	 becomes	 to	what	 degree	 they	 can	 be	
recycled.	The	typical	plastics	are	constructed	from	fossil	fuel,	that	is	to	say,	they	
are	petroleum	based	(Bruder,	2015).	However,	by	using	other	type	of	oils,	 that	
are	extracted	from	plants,	an	eco-friendlier	plastic	can	be	produced,	the	so-called	
bioplastic,	 the	 being	 that	 they	 are	 relatively	 more	 expensive	 than	 their	
conventional	counterparts	(Howes	&	Laughlin,	2012).		
 

 
 

Figure 30. Thermoplastic classification, based on Bruder’s diagram (2015). 
 
However,	 the	 term	 bioplastic	 has	 generally	 three	 different	 definitions;	 plastic	
that	 is	 manufactured	 from	 biologically	 based	 materials,	 plastic	 that	 can	 be	
biodegradable	by	microorganism	or	enzymes,	and	plastic	that	only	holds	natural	
fibers.	 Biodegradable	 plastics	 have	 to	 be	 broken	 down	 completely	 in	water	 or	
soil	 (Howes	 &	 Laughlin,	 2012;	 Bruder,	 2015).	 It	 is	 for	 these	 reasons	 that	
biodegradable	bioplastics	will	not	be	considered	as	a	material	candidate	to	 the	
main	product.	They	are	however	suited	for	the	packaging	of	the	trouser.	The	best	
thermoplastic	 suited	 for	 the	product	being	plastic	 that	 are	 from	bio-based	 fuel	
and	 non-biodegradable;	 top	 left	 group,	 according	 to	 the	 figure	 above.	 These	
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plastics	can	be	made	out	of	polysaccharides;	starch	and	cellulose.	Corn	being	the	
most	 common	 source	 for	 starch,	 which	what	 PLA	 and	 PHA	 plastic	 is	 typically	
made	out	of	(Bruder,	2015).	
	
While	 the	 two	 polysaccharides	 are	 very	 similar	 in	 chemical	 structure,	 are	 yet	
very	different	in	attributes	(Libre	Texts,	2015).	Cellulose,	is	found	in	every	plant,	
for	 example	wood	 contains	 about	 50%	 cellulose,	 and	 leaves	 15%	 (Libre	Texts,	
2015).	While	starch	can	be	found	in	rice,	which	contains	about	75%,	wheat	55%,	
corn	 65%,	 and	 potatoes	 15%	 (Libre	 Texts,	 2015).	 Both	 polysaccharides’	
manufacturing	process	are	more	difficult	than	using	the	conventional	petroleum-
based	material	 (Bruder,	 2015).	 Although	 both	 process	 needs	 at	 the	 end	 to	 be	
modified	to	a	certain	extent	with	chemicals	or	additives	to	be	formed	into	plastic	
products	 (Bruder,	 2015;	 Yang	 et	 al.,	 2011).	The	 advantages	 of	 using	 a	 product	
consisting	mainly	 of	 cellulose	 is	 that	 they	 receive	 its	 chemical	 structure	which	
lets	 it	 become	mainly	 insolvent,	 such	 as	wood	 and	 cotton	 (Libre	Texts,	 2015).	
Currently,	 fibers	made	 from	cellulose	are	dominating	 the	 textile	 industry,	with	
rayon	 and	 cotton	 taking	 over	 70%	 (Libre	 Texts,	 2015).	 While	 choosing	 the	
material,	 it	 is	 important	 to	 consider	 using	 native	 materials,	 as	 the	 country’s	
profits	will	 increase	 by	 using	 local	materials	 (McDonough	&	Braungart,	 2009).	
Additionally,	by	doing	that,	the	chances	of	getting	a	bio-invasion	from	a	different	
territory	 decreases,	 as	 microorganism	 not	 native	 to	 the	 land	 could	 cause	 an	
unbalance	 to	 the	 ecosystem	 (McDonough	 &	 Braungart,	 2009).	 Though,	 a	 good	
balance	between	export	and	import	is	recommended	for	the	economy.		
	
One	 of	 the	 greatest	 advantages	 of	 synthetic	 polymers,	 is	 also	 their	 convenient	
manufacturing	 process.	 Usually,	 plastic	 material	 has	 to	 only	 go	 thorough	 one	
phase	 in	 order	 to	 receive	 its	 final	 intended	 shape	 with	 a	 good	 surface	 finish,	
while	metals	 in	 comparison,	 has	 to	 go	 through	many	 different	 phases	 (Leijon,	
2014).	 This	 makes	 them	 not	 only	 time	 efficient,	 but	 it	 also	 economically	
advantages,	as	more	batches of	products	can	be	made	within	a	timeframe,	while	
also	only	 requiring	 the	purchase	of	one	necessary	manufacturing	machine.	For	
reason	stated	above,	the	concept	of	using	metal	wire	CFT	will	not	be	considered,	
despite	it	sharing	the	similar	cheap	price	and	easy	to	re-cycle	attribute	as	plastic	
(Ljungberg,	2005).	Above	all	ells,	using	metals	on	a	product	that	constantly	rubs	
on	the	user	skin	could	lead	to	skin	irritation	or	induce	allergies,	which	to	counter	
that	 would	 be	 to	 have	 a	 second	 layer	 on	 the	 inside	 covering	 the	 metal	 CFT	
mechanism.	 Though	 that	 would	 only	 increase	 the	 price	 and	 lower	 the	 eco-
friendliness,	 as	 more	 material	 are	 used,	 and	 more	 manufacturing	 steps	 are	
needed.	Additionally,	metals	have	a	relative	high-density	unit,	which	would	make	
the	trouser	heavy	to	walk	with,	and	will	most	likely	require	the	user	to	pull	up	
their	 trouser,	 moment	 to	 moment,	 causing	 a	 frustration	 and	 a	 product	
dissatisfaction.	 The	weight	 problem	 also	 has	negative	 effect	 from	 an	 economic	
standpoint,	as	more	energy	will	be	needed	to	transport	the	products	(Ljungberg,	
2005).	Not	to	mention,	as	the	trousers	would	require	to	be	washed,	corrosion	to	
the	metals	would	start	to	develop,	which	in	itself	is	a	problem	as	it	would	start	to	
eat	 up	 the	metal	material	 and	 eventually	 break.	 Eventually,	 it	 would	 also	 leak	
miscolour	 into	 the	 trousers.	 The	 idea	 of	 using	 stainless	 metals	 is	 also	 not	
practical,	 as	 that	would	make	 the	product	very	expensive,	with	 the	addition	 to	
the	extra	protective	layer.	
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Ceramic,	 another	 group	 from	 the	 structural	materials	 have	 also	 been	 screened	
from	 the	 possible	 material	 selection.	 Primarily	 from	 their	 rigid,	 un-flexible	
structure,	 but	 also	 from	 their	 high	 production	 cost,	 despite	 their	 resistant	 to	
corrosion	(Ljungberg,	2005).	The	structural	material	with	similar	properties	are	
the	 natural	 inorganic	material,	 which	 includes	 stone	 and	minerals	 (Ljungberg,	
2005).	Using	materials	from	the	structural	natural	organic	section	have	also	been	
explored.	 Firstly,	 there	 is	 the	 natural	 wood	material.	 Tree	 or	 wood	 chips	 is	 a	
common	material	used	on	the	traditional	CFT	toys.	While	using	trees	as	a	source	
is	good	from	an	ecological	standpoint,	as	it	promotes	planting	plants,	thus	more	
photosynthesis	and	 lower	carbon	dioxide	 in	 the	atmosphere,	 they	are	however	
unsuited	for	this	particular	product,	for	similar	reasons	as	metals	but	also	decay.	
The	availability	of	local	materials	also	needs	to	be	considered	(Ljungberg,	2005).	
As	 documented	 previously	 on	 the	 preliminary	 study	 section,	 China’s	 land	 use	
consists	 of	 22,3%	 forest,	 which	 is	 relatively	 a	 small	 margin,	 compared	 to	
Sweden’s	68,7%	(CIA,	2018).	This	means	from	an	economic	standpoint	that	the	
wood	industry	is	uncommon	and	expensive,	which	is	actually	common	in	highly	
populated	countries	(Ljungberg,	2005).		
	
There	was	 an	 exception	 to	 natural	organic	material,	 the	 coconut	 palm	 tree, as	
they	 are	 resistant	 to	 decay.	 Growing	 coconut	 palm	 tree	 to	 use	 its	 material	
seemed	like	the	ideal	solution,	initially.	Not	only	is	it	decay	resistant,	but	it	also	
grows	 in	 tropical	 areas	 such	 as	 Guangzhou	 and	 is	 currently	 discussed	 as	 a	
natural	solution	to	the	more	common	antibiotic	resistant	feed	animals.	However,	
by	widening	 the	 scope	 and	opening	up	 to	 other	 ongoing	 problems,	 it	 becomes	
apparat	 that	 using	 wood	 material	 brings	 more	 harm	 to	 the	 customer	 than	
benefits.	 Indeed,	by	using	such	material	 in	a	 tropical	 land	 such	as	south	China,	
could	results	to	viral	diseases	from	the	biting	dipteras;	two	winged	flying	insects	
that	feeds	on	animal	and	human	blood	(WHO,	n.d.).	They	can	cause	severe	illness	
in	great	scales,	and	in	worst	case	scenario,	deaths	(WHO,	n.d.).	Mosquitos,	one	of	
the	 critical	 dipteras,	 can	 cause	 illness	 such	 as	 chikungunya,	 yellow	 fever,	
filariases,	 and	 malaria	 (WHO,	 n.d.;	 2017a;	 2017b).	 Many	 vector	 biting	 species	
thrives	 on	 tree	 holes,	 coconut	 husks,	 cocoa	 pods,	 and	 bamboo	 stumps	 (WHO,	
2017a).	To	say	the	least,	they	are	attracted	to	trees	(WHO,	n.d.).	What	makes	it	
more	alarming	is	the	fact	that	some	species	mainly	attacks	the	legs	(WHO,	n.d.),	
which	in	this	case,	the	intended	sedentary	target	group	will	not	be	able	to	notice,	
as	the	desk	is	blocking	the	view.		

6.2.1 Potential Toxic Issues  
The	intended	product	is	going	to	be	constantly	in	physical	contact	with	the	user.	
Meaning	that	potential	toxic	that	are	normally	overlooked	in	materials	have	to	be	
considered,	 as	 they	 now	 pose	 a	 greater	 threat	 than	 usual.	 After	 analyzing,	
discussing	and	screening	potential	materials,	a	thermoplastic	mesh/netting	CFT	
seemed	 the	most	 suited	material	 for	 the	 inner	 compression	mechanic.	 Plastics	
however,	does	not	only	have	the	potential	to	harm	the	environment	if	misused,	
but	also	the	people	using	it	directly.		
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Chemicals	 used	 in	 plastic	manufacturing	 have	 been	 found	 in	 humans,	 such	 as	
phthalates,	 bisphenol	 A	 (BPA),	 polybrominated	 diphenyl	 ethers	 (PBDE)	 and	
tetrabromobisphenol	 A	 (TBBPA)	 (Talsness	 et	 al.,	 2009).	 These	 chemicals	 are	
referred	as	endocrine-disrupting	compounds	(EDCs),	and	are	commonly	used	to	
give	plastics’	their	special	characteristics,	such	as	durability	and	flexibility	among	
others	 (Talsness	 et	 al.,	 2009).	 They	 also	 effect	 unintentionally	 the	 human’s	
endocrine	 system,	 that	 is	 to	 say	 the	hormones	 (Talsness	et	 al.,	 2009).	Rats,	 for	
example,	 who	 have	 been	 exposed	 to	 phthalates,	 which	 supposedly	 gives	
flexibility	 to	 polymers	 and	 are	 also	 used	 on	 personal-care	 and	 cosmetics	
products,	 revealed	 similar	 testicular	 dysgenesis	 syndrome	 that	 are	 found	 in	
humans	(Talsness	et	al.,	2009).	The	ones	that	are	at	most	risk	 is	 those	that	are	
still	developing,	that	is	to	say	infants,	as	exposure	to	drug,	chemical	or	hormonal	
changes	can	result	to	permanent	deviations,	in	contrast	to	temporary	changes	in	
adults	(Talsness	et	al.,	2009).	That	is	not	to	say	that	it	holds	no	hazard	towards	
adults,	 as	 studies	 shows	 that	 EDC	 could	 give	 rise	 to	 cancer	 development,	
premature	female	puberty,	decrease	sperm	quality,	and	an	increase	of	abnormal	
male	reproductive	tract	(Talsness	et	al.,	2009).		
	
Even	products	that	are	advertised	as	BPA	free,	such	as	baby	bottles	emits	EDCs	
as	soon	as	they	are	exposed	to	common	stresses	such	as	boiling	water,	sunlight	
and	microwaving	 (Yang	 et	 al.,	 2011).	 This	 is	 especially	 the	 case	with	 UV	 light	
from	 the	 sunlight	 (Yang	 et	 al.,	 2011).	 And	 as	 China	 is	 the	 highest	 emitter	 of	
carbon	 dioxide	 country	 (CIA,	 2018),	 then	 that	 makes	 it	 more	 alarming	 to	 use	
such	 products	 there.	 In	 some	 cases,	 the	 EDCs	 free	 products	 emitted	 more	
compounds	than	the	one	that	were	not	advertised	as	 free	of	estrogenic	activity	
(EA)	 (Yang	 et	 al.,	 2011).	 This	 is	 likely	 because,	 among	 other	 things,	 the	
commercial	 products	 are	 only	 tested	 with	 one	 solvent,	 thus	 decreasing	 the	
probability	of	detecting	EDCs,	or	they	could	also	just	be	tested	before	exhibited	
to	 stresses	 (Yang	 et	 al.,	 2011).	 Intriguingly,	 there	 exist	 polymers	 that	 could	
replace	EDCs	with	other	additives	without	making	them	expensive,	in	fact,	at	the	
same	 cost	 (Yang	 et	 al.,	 2011).	 Such	 polymers	 include;	 LDPE,	 HDPE,	 PP	
homopolymer,	 PP	 copolymer	 (Yang	 et	 al.,	 2011).	 It	 should	 be	 noted	 that	 those	
studies,	while	not	specifically	stating	that	they	are	focusing	on	the	oral	intake	of	
the	 chemicals,	 are	at	 least	 indicating	by	 choosing	 to	 focus	on	products	 such	as	
flexible	 packaging,	 food	 wrap,	 rigid	 packaging,	 baby	 bottle	 component,	 deli	
containers,	plastic	bags	(Yang	et	al.,	2011).	It	stands	to	reason	then	that	perhaps	
such	toxicity	may	not	enter	the	body	if	the	only	contact	is	by	the	legs’	skin.	Truly,	
one	of	the	skins	main	function	is	to	protect	the	body	against	harmful	substances,	
nevertheless	that	does	not	mean	it	is	impermeable,	as	the	skin	organ	consists	of	
pores.	Incidentally,	they	grow	larger	with	age	(Natura	Veda,	2014).	Meaning	that	
older	people	are	more	vulnerable	to	 toxicity	 transitions	 from	only	skin	contact.	
Add	that	with	their	weekend	immune	system.	

6.2.2 Consultations 
After	 having	 realized	 that	 the	 most	 suited	 material	 from	 an	 ecology	 and	
commerce	perspective	posed	harm	to	the	customer,	the	whole	material	research	
went	through	a	halt.	 It	was	 important	 to	act	quickly,	so	consultation	was	made	
from	 the	 cloths	 industry.	 As	 mentioned	 on	 the	 evaluation	 section,	 a	 socks	
manufacturer	was	contacted	during	the	concept	development	stage.	One	of	 the	
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questions	being	 if	 socks	or	stockings	 for	 that	matter	 could	be	manufactured	 in	
the	same	manner	as	the	CFT	wood	chips	toy.	Meaning	that	the	threads	were	to	be	
woven	in	a	rotated/circulated	technique	across	each	other	woven.	So	that	when	
they	 are	 dragged	 from	 each	 direction,	 all	 the	 rotated	 threads	 try	 to	 straighten	
themselves,	 thus	 creating	 tension	 in	 the	 middle.	 What	 were	 thought	 of	
impossible	was	actually	manageable.	In	fact,	unlike	the	CFT	toy,	the	compression	
mechanic	 could	 be	 designed	 as	 the	 PECS.	 The	 only	 requirement	 being	 that	 a	
programming	 code	 for	 the	 thread	 pattern	 were	 installed	 on	 the	 existing	
manufacturing	machines,	by	an	USB	outlet.		
	
Thread	 mixing	 advices	 were	 also	 asked	 during	 the	 consultation;	 what	 was	
common	 in	 the	 industry,	 what	 are	 the	 required	 components	 for	 achieving	 the	
compression	effect	and	what	role	each	type	thread	actually	fulfils.	It	turns	out,	in	
order	to	achieve	the	elastic	compression	effect,	lycra	thread	classified	at	least	as	
#70	has	to	be	used	alongside	another	fibre.	As	lycra	by	itself	is	to	thin	and	fragile	
for	 the	 machines	 to	 woven.	 Usually,	 combining	 a	 lycra	 thread	 with	 another	
makes	 it	 called	 spandex.	 That	 supporting	 thread	 is	 typically	 nylon,	 cotton	 or	 a	
type	 of	 polyester.	 Normal	 socks	 usually	 use	 lycra20	 to	 achieve	 their	 elastic	
attribute.	That	attribute	 is	made	 in	order	 to	make	 the	 socks	grip	 into	 the	 foot.	
Meaning	 that	 compression	 stockings’	 lycra/elastane	 has	 a	 multipurpose;	
compress	the	veins	and	hold	into	the	leg.	If	these	characteristics	are	achieved	in	
another	 way,	 then	 the	 whole	 lycra/elastane	 thread	 could	 be	 disregarded.	 By	
making	the	CFT	out	of	textile,	the	Chinese	citizen	are	also	more	likely	to	be	able	
to	 produce	 the	 product	 with	 ease.	 As	 they	 are	 world	 leader	 in	 gross	 value	 of	
industrial	 textile	 output	 (Cia,	 2018),	 as	 mentioned	 previously	 on	 the	 China’s	
Overworld	 section.	 Meaning	 that	 they	 will	 not	 have	 shortages	 of	 educated	
workers	 in	 this	 field,	 making	 the	 production	 cheaper.	 Thus,	 an	 appropriate	
product	to	mass	produce	for	themselves.	
	
Additionally,	 a	 cloths	 wholesaler	 gave	 the	 same	 fibre	 mixture	 advise,	 and	
informed	that	polyester	should	be	avoided	as	much	as	possible,	as	it	has	terrible	
thermoregulation	properties,	in	comparison	to	cotton.	That	being	said,	lycra	is	a	
synthetic	polymer	 fibre.	So,	 the	use	of	polymers	will	most	likely	be	required	to	
achieve	the	stretchy	attribute.	Though	lycra	itself	will	not	play	an	important	role	
on	the	thermoregulation,	as	seen	previously	on	the	Competitor	Product	Analysis	
section,	the	amount	of	lycra	used	is	typically	4-15%	to	achieve	the	compression	
effect.	 The	 plastic	 that	 does	 is	 polyamide,	 as	 it	 ranges	 from	 27	 to	 83%.	 The	
wholesaler	 was	 also	 asked	 what	 materials	 the	 business/dress	 trouser	 most	
commonly	consisted	of.	As	expected,	the	answer	was	cotton,	as	a	rapid	product	
benchmarking	 were	 done	 beforehand.	 The	 last	 question	 was;	 how	 are	 the	
trouser	usually	packed/shipped	 from	 the	 factory.	 Inside	a	plastic	pouch	with	a	
header	wrapped	inside	the	folded	trouser,	was	the	answer.	The	“header”,	which	
is	a	paper-thin	cardboard,	displays	information	about	what	the	product	is.		
	
The	 word	 nylon	 and	 polyamide	 are	 generic	 terms	 used	 to	 describe	 synthetic	
polymers	 (Hallett	&	 Johnston,	 2014).	 Elastane	 and	 Spandex	 are	 generic	 names	
that	 describes	 stretchy	 fibres	 (Hallett	 &	 Johnston,	 2014).	 While	 Lycra	 is	 a	
trademark	name	for	elastane	fibres	(Hallett	&	Johnston,	2014).		
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6.3 Material Selection  
As	 the	 trouser	will	mostly	 consist	 of	 cotton,	 to	 achieve	 a	 comfortable	 texture,	
along	with	a	small	amount	of	lycra,	in	order	to	achieve	a	bit	of	stretchiness.	The	
inner	 compression	 mechanic’s	 material	 should	 frame	 itself	 within	 those	
parameters	in	order	to	save	costs,	by	using	as	small	amount	of	unique	materials	
as	possible,	while	still	operating	on	the	standard	materials	of	the	industry.	This	
method	also	leaves	a	smaller	ecological	footprint,	as	the	whole	product	becomes	
essentially	a	single	material,	it	becomes	easier	and	more	efficient	to	recycle.		
	
Cotton	fibre	is	a	cellulose-based	material,	as	it	originates	from	a	plant	(Hallett	&	
Johnston,	2014).	 So,	 the	material	 exploration	was	narrowed	down	by	 choosing	
only	other	starch-	and	cellulose-based	fibres,	in	contrast	to	protein-based	fibres,	
such	 as	wool,	 silk,	 soya	 and	 even	milk	 fibre	 (Hallett	 &	 Johnston,	 2014).	 After	
researching	 through	 promising	 candidates,	 five	 fibres	 were	 put	 through	 a	
screening	 matrix,	 with	 organic	 cotton	 as	 a	 reference	 material	 (see	 table	 10	
below).	 Rayon,	 also	 known	 as	 viscose	 were	 scrapped,	 alongside	 with	 banana	
fibre,	 lyocell,	 banana	 fibre	 and	 cotton.	 While	 critiquing	 the	 fibres,	 Hallett	 &	
Johnston	 (2014)	 was	 used	 as	 a	 primarily	 source	 of	 information,	 as	 they	 also	
provided	physical	textile	swatches.		

 
Table 10. Weighted material matrix.	

	
	
The	 main	 point	 was	 to	 find	 a	 suitable	 replacement	 for	 the	 typical	 use	 of	
polyamide	 in	 stockings,	 as	 seen	 on	 the	 previous	 Competitor	 Product	 Analysis	
section.	 Corn	 fibre	 happened	 to	 be	 an	 excellent	 textile	 blender	 with	 cotton	
(Hallett	 &	 Johnston,	 2014).	 Not	 only	 that,	 but	 it	 is	 serene	 to	 work-wear	 and	
casual	clothing	(Hallett	&	Johnston,	2014),	meaning	that	it	fits	the	project’s	target	
group	and	opens	up	the	possibility	to	other	occupation-based	adaptation	for	the	
future.	Furthermore,	due	to	its	unique	stretching	and	recovery	ability	(Hallett	&	
Johnston,	2014),	the	amount	of	the	synthetic	polymer,	elastane/lycra	percentage	
on	the	CFT	stockings	or	the	whole	trouser	for	that	matter	could	decrease	or	be	
entirely	replaced,	as	their	main	function	was	to	give	them	the	stretching	ability.	
As	the	inner	stockings	becomes	stitched	at	the	knee	area,	elasticity	for	the	sake	
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of	 holding	 into	 the	 legs	 will	 no	 longer	 be	 necessary.	 The	 same	 goes	 for	 the	
compression	mechanic	that	is	meant	to	treat	the	veins.	As	the	new	stocking	will	
be	based	on	the	Chinese	finger	trap	tension,	using	lycra	threads	to	compress	the	
legs	is	no	longer	needed	(see	table	11	below).	
	
Table 11. The selected material percentage, in comparison with the type of fibres that are used in 
today’s compression stockings. The new product’s design is capable and will not use synthetic 

polymers, polyamide and elastane/lycra. 
Common	Components	 New	Components	

55%	Cotton	 55%	Organic	Cotton	
30%	Polyamide	 45%	Corn	Fibre	

15%	Elastane/Lycra	 	
	
	
Biopolymer	 fibres,	 which	 corn	 fibre	 is	 classified	 as,	 replaces	 the	 inefficient	
energy	chemical	 treatment	with	natural	enzymes.	Which	 is	good	for	the	equity,	
as	it	requires	less	hand	usage,	with	chemicals	for	that	matter,	that	is	dangerous	
for	the	workers	and	the	ecology.	If	handled	correctly,	processing	costs	could	be	
cut	down,	 as	 there	 is	no	need	 for	agrochemicals,	 artificial	 fertilizers	or	 surface	
treatments	to	the	textile	(Aggarwal	et.	al,	2009).	Organic	cotton	for	example	uses	
natural	 predators,	 such	 as	 birds	 to	 get	 rid	 of	pests	 (Hallett	&	 Johnston,	 2014).	
Although,	that	might	not	be	as	efficient	for	the	growth	of	corn,	as	they	will	most	
likely	target	the	crops	instead.	Organic	cotton	also	uses	the	crop	rotation	practice	
(Hallett	&	Johnston,	2014),	meaning	that	different	types	of	crops	are	harvested	in	
the	 same	 field,	 which	 is	 beneficial	 for	 the	 soil,	 as	 it	 does	 not	 rely	 on	 a	 single	
nutrient.	 This	 is	 particularly	 important	 for	 China,	 as	 one	 of	 their	 many	
environmental	 issues	are	 soil	 erosion	 (CIA,	2018),	 as	mentioned	previously	on	
the	preliminary	study.	Combine	that	with	the	fact	that	China	is	the	world	leader	in	
gross	value	of	agricultural	cotton	and	corn	output	(Cia,	2018).	Meaning	if	those	
two	are	harvested	in	the	organic	crop	rotation	practice,	a	solution	to	the	ecology	
crisis	 could	 be	 treated.	 Those	 include	 habitat	 destruction,	 landslides,	 floods,	
droughts,	dust	storms	and	desertification.		
	
Organic	 cotton,	 is	 though	 more	 expensive	 than	 its	 non-organic	 counterpart	
(Hallett	 &	 Johnston,	 2014).	 However,	 by	 looking	 on	 the	 previous	 competitor	
product	analysis	 section,	 Funq’s	 stockings	 uses	 55%	organic	 cotton	 and	sells	 it	
for	150	SEK,	while	Mabs	uses	63%	non-organic	cotton	with	a	price	of	100	SEK.	
Which	is	not	much	different,	but	it	is	a	price	increase	of	50%.	Meaning	that	the	
difference	 between	 organic	 and	 non-organic	 will	 have	 a	 larger	 impact	 on	 the	
purchase	 choice,	 with	 larger	 clothes,	 such	 as	 trousers.	 For	 these	 reasons,	 it	 is	
recommended	that	the	trouser	contains	non-organic	cotton,	while	the	inner	CFT	
stocking	contains	organic	cotton.	The	use	of	organic	cottons	is	not	only	great	for	
the	 ecology	 and	 equity,	 but	 it	 is	 also	 great	 to	 preventing	 an	 over-production	
(Hallett	&	 Johnston,	2014).	Making	 it	 ideal	 for	investors,	as	 it	 is	a	new	concept,	
with	 a	 potential	 new	 market.	 Not	 only	 that,	 but	 by	 not	 using	 chemicals	 and	
additives,	an	EDCs	free	product	will	be	made,	as	discussed	beforehand.	Meaning	
that	 the	 customers	 hormones	 will	 not	 be	 disturbed.	 This	 fact	 has	 a	 great	
marketing	potential.	To	the	extent	of	using	organic	cotton	on	the	whole	product.	
It	will	 become	more	 expensive,	 but	 in	 that	 sense,	 it	 could	 also	 give	 it	 a	 higher	
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value.	 Lastly,	 this	 is	 not	 to	 say	 that	 corn	 fibre	 is	 the	 ideal	 choice	 for	 making	
sustainable	trousers,	but	by	aligning	the	facts	presented,	one	can	conclude	that	it	
is	 one	 of	 the	 ideal	 options	 for	 producing	 sustainable	 compression	 trousers	
specifically	in	China.		

6.4 Cradle to Cradle 
The	plastic	pouch,	that	the	product	is	going	to	be	packaged	in,	can	be	bio-based	
and	biodegradable,	 in	order	to	make	the	pouch	not	 last	more	than	 its	 intended	
short	lifespan.	PHA	plastic,	was	considered	at	first,	but	duo	to	its	few	producers	
in	the	market	(Bruder,	2015),	PLA	plastic	was	chosen	instead.	Meaning	that	the	
plastic	 pouch	 can	 also	 be	 made	 out	 of	 corn,	 which	 is	 starch	 based	 and	 a	
renewable	material.	As	 for	 the	paper-thin	cardboard	 inside,	with	 it	being	made	
out	 of	 wood,	 thus	 cellulose-based	 material,	 a	 biological	 cycle	 can	 be	 held	 for	
entire	packaging.	And	with	cotton	and	corn	being	a	biological	nutrient,	the	entire	
trouser	 will	 also	 be	 classified	 within	 the	 biological	 cycle,	 according	 to	
McDonough	 &	 Braungart	 (2009).	 This	 ultimately	 means	 that	 the	 product	
becomes	 food	to	organisms	and	microorganism,	at	 the	end	of	 its	 life	cycle.	The	
waste	equals	food	models	do	not	only	mimic	the	natural	ecology	system,	but	in	
this	 case	 is	 also	honors	 the	 Chinese	 culture,	 as	 Chinese	 farmers	 have	 used	 the	
same	model	over	thousand	years	ago	(McDonough	&	Braungart,	2009).	
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7 Results 
The	final	design	solution	will	be	presented	here,	alongside	a	reconciliation	with	
the	established	product	requirement	specification. 

7.1 Final Concept 
The	final	product	became	a	trouser	with	an	inbuilt	compression	mechanic	(ICM),	
see	figure	31	below.	It	is	specifically	made	for	the	sedentary	workers	in	mind	and	
improves	upon	the	normal	compression	stockings.	For	one,	the	ICM	will	not	slide	
down	 or	 get	 accidentally	 folded,	 causing	 an	 un-wanted	 pressure	 distribution.	
Additionally,	the	pressure	distribution	will	be	similar	of	the	more	efficient	PECS	
model,	which	is	currently	not	available	in	the	market.		And	unlike	the	stockings,	
the	compression	will	be	dynamic,	as	opposed	to	constant	restraint.	As	the	ICM	is	
going	to	be	sewed	based	on	the	Chinese	 finger	trap	mechanic;	creating	tension	
when	 at	 least	 on	 point	 of	 the	 ICM	 is	 pulled	 to	 the	 opposite	 direction.	 This	 is	
achieved	by	having	the	ICM	upper-end	stitched	at	the	knee	area	and	“open	socks”	
as	 the	 lower	 part	 of	 the	 product	 (see	 the	 purple	 ring	 in	 figure	 31	 below).	 The	
sedentary	worker	can	apply	the	compression	only	when	needed,	in	that	regard.	
 
 

 
Figure 31. Prototype. The purple inside the foot hook represents a foot. 

 
The	 leg	 and	 foot	 position	 and	 dragging	 articulation	 also	 mimics	 the	 walking	
simulation,	meaning	that	the	natural	calf	muscle	pump	can	also	be	utilized	at	the	
same	 time.	 By	 having	 the	 compression	mechanic	 non-reliable	 on	 elastic	 fibres	
such	as	lycra/elastane,	the	product	also	managed	avoid	all	plastic	material.	This	
does	 not	 only	 help	 the	 ecology	 but	 avoids	 the	 harm	 of	 EDC.	 Furthermore,	 the	
product’s	material,	cotton	and	corn	fibre	will	be	harvested	by	the	crop	rotation	
model,	 which	 can	 help	 to	 solve	 China’s	 soil	 erosion.	 Having	 the	 product’s	
manufacturing	method	 be	 textile-based	 also	 helps	with	 the	 accessibility	 of	 the	
production	in	China’s	case,	as	they	are	world	leader	in	textile	output.	This	is	not	
the	only	advantage	they	got	out	of	the	product’s	choice	of	production,	as	China	is	
also	 the	 world	 leader	 in	 gross	 value	 of	 the	 materials,	 corn	 and	 cotton.	 This	
material	 selection	 ultimately	 also	 means	 that	 the	 product	 will	 be	 in	 the	
sustainable	biological	 cycle,	meaning	 that	 the	 product	 can	at	 the	end	of	 its	 life	
cycle	become	food	to	organisms	and	microorganism.	
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Lastly,	a	persuasive	design	sketch	was	made	to	market	the	product	(see	figure	32	
below).	The	design	 sketch’s	 aim	was	 to	deviate	 itself	 from	 the	negative	 stigma	
that	 medical	 pneumatic	 devices	 emitted;	 a	 restricted	 patient.	 Aside	 from	 the	
discreet	 design	 choice,	 the	 image	 indicates	 signs	 of	 luxury	 and	 pride,	with	 the	
formal	dress	code,	sun	glasses	and	the	relaxed	body	posture.	It	also	manages	to	
captures	 the	 customer’s	 natural	 sedentary	 environment,	 where	 the	 product	 is	
intended	 to	 be	 used.	 The	 breezing	 background	 colours	 provides	 a	 quenching	
desire,	in	the	humid	country.		
 

 
Figure 32. The final product, illustrated as a persuasive design sketch.  

Made in illustrator and photoshop.  
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7.2 Reconciliation with requirement specification 
All	 demands	 of	 the	 product	 specification	 got	 fulfilled	 (see	 table	 12	 below).	
Although,	five	wishes	could	not	be	incorporated	and	two	wishes	requires	further	
study	 to	 in	order	 to	determine.	The	unfulfilled	wish,	minimize	potential	energy,	
was	thought	as	a	design	attribute	that	made	the	user	lift	their	legs	in.	This	wish	
while	beneficial	from	both	a	lower	energy	usage	and	tension	concentration,	does	
not	 ultimately	 lower	 the	 products	 standard.	 If	 they	 were	 somewhat	
incorporated,	the	entire	design	aesthetic	could	in	fact	change	and	contradict	the	
more	 important	 demand,	 discrete	 to	 the	 observers.	 The	 entire	 size	 section	 got	
marked	 as	 fulfilled,	 not	 because	 they	 were	 in	 the	 prototype,	 but	 because	 the	
product’s	design	measurements	are	entirely	 inside	 the	 realm	of	possibility.	 	As	
for	 the	wishes:	 looks	clinical/practical	to	the	user	and	 intuitive	design	usage	that	
required	further	study,	their	fulfilment	could	not	be	determined	like	the	similar	
demand	 gender	neutral.	As	 they	 required	 an	 interaction	with	 the	 target	 group	
with	 for	 example	 a	 set	 of	 questionnaires	 and	 the	 think	 out	 loud	 method,	
respectively.	The	gender-neutral	demand	could	be	self-judged,	with	the	fact	that	
a	 set	 of	 formal	 trouser	 are	 a	 universal	 piece	 of	 cloth,	 used	 currently	 by	 both	
gender.	 As	 for	 potential	 cultural	 differences,	 nothing	 that	 contradicted	 that	
statement	were	identified	from	the	conducted	observation.	

 
Table 12. Product specification reconciliation.	

Requirement Demand Wish Unit Source Fulfilled? 

Clinical Treatment 

Pecs Based Yes  Yes/No Scientific Article Yes 

Dynamic 

Compression 
Yes  Yes/No Scientific Article/Interview Yes 

Minimize 

Potential Energy 
 Yes Yes/No Literature/Scientific Article No 

Pressure on Calf  46 mmHg Scientific Article Yes 

Pressure on 

Gaiter Area 
 33 mmHg Scientific Article Yes 

Avoid Sharp 

Edges 
 Yes Bin. Scientific Article Yes 

Offer Space For 

Leg Stretching 
 Yes Yes/No 

Scientific 

Article/Observations 
Yes 

Flying Dipteras 

Protection 
 Yes Yes/No WHO No 

Design Feeling 

Discrete to the 

Observers 
Yes  Yes/No Interview Yes 

Does Hold on To 

Its Intended 

Position 

 Yes Yes/No Interview/Testing Yes 

Positive 

Feedback Loop 

by Moving the 

Ankle 

 Yes Yes/No 
Scientific Article/ 

Literature/Testing 
Yes 
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Gender Neutral Yes  Yes/No Interview Yes 

Will Not Give the 

Feeling of Being 

A Sick Patient to 

the User & 

Observers 

 Yes Yes/No Benchmarking Yes 

Looks 

Clinical/Practical 

to the User 

 Yes Yes/No 
Questionnaires/ 

Literature 

Requires 

Further Study 

Intuitive Design 

Usage 
 Yes Yes/No Benchmarking/Testing 

Requires 

Further Study 

Leaves No Severe 

Marks on The 

Skin 

Yes  Yes/No Testing Yes 

Aesthetically Soft Yes  Yes/No Questionnaires Yes 

Size 

Popliteal Height 

(Sitting) 
397,5 ± 15,5  mm Scientific Article Yes 

Trochanter 

Height 
912 ± 3  mm Scientific Article Yes 

Hip Breadth 311,5 ± 5,5  mm Scientific Article Yes 

Knee Height 445 ± 1  mm Scientific Article Yes 

Knee Height 

(Sitting) 
475,5 ± 17,5  mm Scientific Article Yes 

Buttock to 

Popliteal Length 

(Sitting) 

445 ± 12  mm Scientific Article Yes 

Buttock to Front 

of Knee Length 

(Sitting) 

541,5 ± 12,5  mm Scientific Article Yes 

Sustainable Development 

Use of Local 

Resources 
Yes  Yes/No 

Literature/ 

Scientific Article 
Yes 

Commercially 

Stable Materials 
Yes  Yes/No 

Literature/ 

Scientific Article 
Yes 

Commercially 

Stable 

Manufacturing 

Yes  Yes/No 
Literature/ 

Scientific Article 
Yes 

No Hand Usage 

with Additives or 

Chemicals 

Yes  Yes/No Literature Yes 

Use of A Single 

Material  
 Yes Yes/No Literature No 

Supports Up-

Cycle 
 Yes Yes/No 

Literature/ 

Scientific Article 
No 
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Preserves the 

Local Culture 
 Yes Yes/No Literature Yes 

Environmental Adaptations 

Can Be Used in 

Tight Offices 
Yes  Yes/No Observations Yes 

Can Be Used in 

Public 

Transportation 

Yes  Yes/No Interview Yes 

Withstand 

Getting Wet 
Yes  Yes/No 

Observations/ 

Questionnaires 
Yes 

Cooling Dynamics  Yes Yes/No Interview/ Testing No 

Good UV Light 

Resistance 
 Yes Yes/No Literature Yes 

Can Be Worn 

Blindfolded 
 Yes Yes/No Literature Yes 

Good Strength 

and Stability 
 Yes Yes/No Literature Yes 

 
The	wish	cooling	dynamic	 or	good	 thermoregulation	were	a	bit	hard	 to	deicide	
whatever	it	was	fulfilled	or	not.	The	idea	was	that	air	would	flow	into	the	leg	by	
sitting	and	moving	the	ankle,	in	order	to	balance	out	the	potential	heat	the	ICM	
would	bring.	Theoretically,	this	could	work	as	the	distance	between	the	yarn	in	
the	 ICM	 increases	as	 the	diameter	 expands	and	closes	when	 the	 ICM	stretches	
again	with	the	foot	hook.		Additionally,	the	material	selection	played	an	immense	
share	for	achieving	a	better	thermoregulation.	The	foot	hook	was	also	designed	
to	cover	the	foot	as	least	as	possible,	without	losing	its	function.		
	
As	 for	 the	 two	wishes,	use	of	a	single	material	 and	 supports	up-cycle,	while	 the	
product	did	not	fulfill	those	specific	terms,	still	managed	to	achieve	their	intent	
of	being	environmental	 friendly	 in	other	means.	Although	the	product	does	not	
consist	 of	 a	 single	material,	 is	 still	managed	 to	 be	 entirely	 of	 polysaccharides,	
thus	 classified	 as	 a	 biological	 nutrient.	 Which	 in	 turns	 makes	 it	 food	 for	 the	
microorganism	 at	 the	 end	 of	 its	 life-cycle,	 meaning	 that	 the	 product	 still	
“disappears”	 rather	 than	 laying	 on	 the	 landfill	 or	 inside	 the	 stomach	 of	 sea	
creatures.	Lastly,	the	product	fulfills	China’s	agenda	2030	most	prioritized	goals,	
as	discussed	on	the	preliminary	study	section.	
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8 Discussion 
A	discussion	of	the	project’s	shortcomings	and	limitation	will	be	held	here. 

8.1 Design process 
This	 project	was	 heavy	 based	 on	 literature	 study	 and	 scientific	 articles,	which	
could	be	seen	as	a	bit	overdone	to	some	designers.	However,	due	to	the	problem	
specification	 being	 deeply	 centered	 around	 cardiovascular	 problems,	 a	 proper	
and	 carful	 investigations	 was	 needed	 in	 order	 to	 understand	 the	 problem,	 in	
order	 to	 solve	 it.	 This	was	 not	 only	 about	what	 the	 potential	 victim/customer	
wanted	 out	 of	 a	 product,	 but	 what	 a	 clinician	 knew	 was	 better	 for	 the	 user.	
Which	is	not	the	design	engineers’	area	of	expertise,	thus	the	long	study.		
	
Of	course,	this	exchange	between	practicality	and	customer	demands/wishes	are	
always	present	in	design	projects.	But	in	contrast,	for	example	a	door	handle,	its	
purpose	is	to	open	doors,	thus	from	an	ergonomic	perspective,	a	study	in	field	of	
musculoskeletal	system	is	appropriate.	And	if	it	brings	harm	to	the	user,	it	could	
still	be	fulfilling	to	purpose,	while	a	medical	product	will	be	doing	the	opposite	of	
its	purpose	if	it	brings	harm	to	the	user.			
	
What	 the	design	engineers’	 expertise	 is,	 among	other,	 to	 identify	and	 integrate	
relevant	 knowledge	 and	methods	 in	 natural	 science	 as	 a	 natural	 part	 of	 their	
work.	 This	made	 the	 concept	 development	 faster,	 as	 by	 exploring	 the	 problem	
scientifically	 and	 collecting	 qualitative	 data	 for	 the	 customer	 demands,	 a	 high	
level	of	expertise	of	 this	specific	 field	was	achieved.	Being	able	 to	pinpoint	and	
generate	 the	 most	 likely	 useful	 concepts,	 and	 not	 spend	 time	 on	 an	 aimless	
divergent	 concept	 sketching.	 The	 preliminary	 study	 is	 arguably	 the	 project’s	
strongest	 point	 and	 the	 derived	 knowledge	 is	 what	 carried	 it	 through,	 not	
opinions	and	biases.	Of	course,	some	concepts	that	seemed	good	on	paper	turned	
out	bad	in	practicality.	Namely,	concept	origami,	zig	zag	string	and	rotation.	This	
proved	that	the	mind	still	is	not	capable	of	creating	a	realistic	simulation	of	the	
world,	even	with	the	provided	facts,	as	they	sounded	plausible	until	tested.		

8.2 Limitations  
One	 thing	 that	 hurt	 the	 validity	 of	 the	 findings	 on	 the	 questionnaires	 is	 the	
number	of	samples,	as	 they	were	21	persons	 in	 total.	The	 lower	the	number	 is,	
the	harder	it	is	to	find	a	significant	answer,	provided	that	the	right	type	of	people	
are	answering	the	questionnaires.	Preferably,	 a	number	above	100	would	have	
been	satisfying.	That	being	said,	the	reason	behind	the	small	sample	is	because	of	
the	time	restraint.	The	questionnaires	had	to	be	concluded	as	soon	as	possible	in	
order	to	pick	a	person	to	interview,	form	the	customer	needs	and	specification.	
All	 that	 in	order	to	conduct	 the	systematic	concept	development	as	planned	on	
the	 schedule.	 Another	 thing	 that	 might	 have	 hurt	 the	 extraction	 of	 the	 data	
gathering,	 was	 the	 language	 barrier,	 both	 on	 the	 questionnaires	 and	 the	
interview.	As	 the	 intended	meaning	 behind	 this	 project’s	 questions	 could	 have	
been	 lost	 during	 the	 translation	 back	 and	 forth.	 Such	 things	 could	 have	 taken	
form	of	 re-structuring	 the	order	of	 the	words	of	 the	 sentences.	Or	a	 thing	 that	
actually	happened,	making	the	sentence	more	formal,	as	a	direct	translation	from	
English	to	Cantonese	could	be	interpreted	as	a	bit	rude.		
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As	 for	 the	 observation,	 to	 rephrase	 from	 the	 qualitative	 study	 section,	 Patton	
mentions	that	when	a	scholar	conducts	a	study	he/she	 is	essentially	building	a	
reality	based	on	their	biased	interpretation	of	the	data.	That	bias	interpretation	
originates	mostly	from	the	scholar’s	background,	interests	and	culture.	Meaning	
different	findings	would	have	been	found	by	another	scholar,	even	if	they	had	the	
same	educational	background	and	IQ.	 

8.3 Struggles 
One	of	the	first	concepts	that	were	generated	was	the	CFT.	Which	meant	that	it	
was	a	victim	of	the	common	design	phrase	“kill	your	darlings”.	But	in	the	end,	it	
became	 the	winning	 concept.	Meaning	 that	 a	 lot	 of	 time	were	 put	 on	 trying	 to	
dethrone	CFT,	only	to	act	as	a	professional.	Perhaps	this	phrase	has	its	faults,	and	
if	so	when	should	it	not	be	considered?	The	first	generated	concepts	have	always	
been	thought	as	trash,	until	now.	But	the	logic	behind	it	holds	water.	As	they	are	
the	manifestation	of	the	first	thing	that	comes	to	the	mind,	among	the	majority	of	
people.	 Meaning	 that	 the	 creative	 unthinkable	 concepts	 that	 “solves	 all	 the	
problems”	 can	only	 start	 to	 come	out	after	an	extensive	 concept	generation,	 in	
order	to	exhaust	the	stereotypical	concept	and	reach	out	to	the	concealed	ones.	
Cross	did	mention	in	his	book,	Engineering	Design	Methods,	that	design	engineer	
students	usually	discarded	their	initial	ideas,	and	that	professionals	would	come	
back	and	iterate	on	their	initial	concepts	instead.	It	was	hard	to	understand	what	
he	 meant	 back	 then,	 as	 it	 seemed	 through	 the	 university	 experience	 that	
students	 were	 the	 ones	 that	 tended	 to	 discard	 their	 initial	 ideas.	 Now	 after	
experiencing	this	phenomenon	first	hand,	his	intention	has	become	a	bit	clearer.		
	
The	time	spent	on	the	material	and	manufacturing	phase	also	lasted	longer	than	
necessary.	This	was	mainly	due	to	giving	the	material	selection	a	great	emphasis	
in	 the	 report.	 Material	 selection	 has	 become	 an	 afterthought	 between	 the	
university	 students.	That	meant	 that	 the	 concept’s	 aim	or	mechanics	 could	 fail	
once	 the	 designer	 realized	 what	 limited	 material	 options	 they	 had	 made	 for	
themselves.	 Which	 is	 why	 this	 project	 set	 out	 to	 gather	 material	 and	
manufacturing	knowledge	while	simultaneously	generating	concepts.	As	having	
a	 great	 knowledge	 of	materials	 also	 helps	 to	 articulate	 a	 creative	 concept.	 The	
problem	with	this	 is	 that	 this	knowledge	has	to	sink	in	gradually.	Meaning	that	
seeking	 too	 much	 facts	 can	 be	 too	 much	 devastating,	 as	 it	 reshapes	 ones	
understanding	 of	 the	 world	 in	 a	 short	 matter	 of	 time.	 By	 that,	 making	 the	
designer	confused	and	uncertain	to	take	the	next	decision.	The	problem	was	not	
the	 time	 that	went	 into	 the	 research,	 but	 the	 aftermath	 of	 doing	 that.	 Seeking	
nothing	makes	one	 ignorant,	while	 seeking	 to	much	 in	a	 short	 time	makes	 the	
individual	 trapped	 in	 chaos,	 as	 previous	 knowledge	 becomes	 untruth	 and	 one	
starts	to	realize	that	there	really	is	not	an	optimal	option.		
	
This	was	especially	the	case	after	reading	the	scientific	article	about	endocrine-
disrupting	 compounds	 and	 plastic	 materials.	 As	 a	 huge	 plastic	 research	 were	
held	beforehand,	after	having	a	general	material	research	conducted	beforehand.	
It	seemed	that	the	plastic	material	was	the	ideal	material	to	use,	with	concept	Net	
Twister	 as	 a	 promising	 candidate.	 After	 realizing	 that	 what	 harm	 they	 could	
bestow	 on	 the	 customer,	 it	 became	 hard	 to	 decide	what	 to	 do	 next.	 Primarily	
because	 the	amount	of	 time	sunk	 into	 reading	and	gathering	 the	material	data	
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would	have	gone.	But	also,	because	it	became	clear	that	this	project	was	headed	
into	 an	 unfamiliar	 territory.	 First	 felt	 when	 the	 trouser	 become	 the	 winning	
product	 type	 on	 the	 questionnaires,	 and	 now	 when	 the	 optimal	 material	 type	
pointed	 towards	 textiles	 and	 fibres.	 The	 design	 engineer	 had	 stepped	 into	 the	
realm	 of	 fashion	 designers.	 Which	 was	 not	 only	 an	 uncharted	 territory,	 but	
questions	 if	 this	 type	 of	 product	were	 fitting	 to	 this	 bachelor	 project	 began	 to	
rose.	In	the	end,	following	the	path	that	seemed	to	suit	the	product	most,	paid	off.	
In	short,	the	extensive	study	conducted	on	the	materials	were	not	bad	per	say,	it	
was	just	risky	for	the	given	timeframe,	as	it	became	harder	to	take	decisions.		

8.4 Studying Aboard 
The	shortcomings	of	studying	aboard	during	an	exam	were	a	bit	unanticipated.	If	
the	exam	started	while	being	in	China,	then	that	would	have	made	things	easier.	
The	visa	application	alone	took	about	one	month.	Then	finding	a	hotel	that	was	
fairly	 cheap,	 trustworthy,	 near	 relevant	 stores	 also	 took	 a	 bit	 of	 time.	 In	 that	
regard,	choosing	to	study	aboard	means	that	one	has	to	take	responsibility	of	the	
fact	that	they	will	have	a	smaller	timeframe	to	put	into	the	report,	in	contrast	to	
their	peers.		

8.5 Ethical Dilemmas 
The	 construction	 of	 a	medical	 product	 that	 is	 supposed	 to	 keep	 the	 sedentary	
worker	 healthy	 is	 a	 noble	 concept.	 But	 like	 everything,	 if	 misused	 by	 other	
people,	it	could	turn	into	a	problem.	In	this	case,	tyrant	managers	might	invest	in	
these	products,	in	order	to	get	more	work	out	of	their	employees.	In	other	words,	
it	 could	 turn	 into	 a	 positive	 feedback-loop,	where	 the	working	hours	 increase,	
because	 the	 employees	 are	 healthier	 and	 are	 able	 to	 work	 longer.	 Then	 the	
employees	start	to	wear	down	as	they	approach	the	limit	of	the	products	effect,	
thus	 a	more	 efficient	 product	 develops,	 as	 there	 is	 a	 market	 need	 for	 it.	 This	
never-ending	loop	is	what	is	called	a	positive	feedback-loop,	nothing	to	do	with	
positivity.	A	negative	feedback-loop	is	one	that	disrupt	such	circular	process.	
	
There	are	 flaws	to	this	argument	though.	A	“tyrant”	manager	will	not	 invest	on	
medical	equipment	or	care	if	their	employees	are	not	working	at	their	healthiest.	
They	will	simple	beat	the	horse	until	its	last	breath,	and	easily	replace	their	place	
with	another	employee.	This	is	strengthened	by	the	fact	that	the	product	is	fairly	
expensive	 to	 a	 tyrant	 to	 invest	 on	 their	 employees,	 especially	 if	 its	 beneficial	
labors	 are	 long-term	 investment.	 The	 product	 is	 for	 those	 who	 already	 find	
themselves	 in	 a	 dire	 sedentary	 life	 situation	 and	 needs	 rescue.	 It’s	 expensive	
ecological	 price	 might	 be	 the	 negative	 feedback-loop	 needed	 to	 keep	 the	
employer	away.		
	
Humans	 should	 always	 strive	 to	 create	 or	 improve	 products	 that	 helps	 the	
human	health	and	should	not	be	stuck	on	the	idea	that	a	medical	product	could	
be	misused,	 that	 is	what	 the	 government	 is	 tasked	 to	 do.	 This	 is	how	humans	
have	 been	 able	 to	 survive.	 If	 antibiotics	 were	 considered	 bad	 and	 banned	
because	soldiers	could	continue	to	kill	people,	then	people	would	still	die	today	
out	of	infections	and	injuries.	
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Using	 products	 derived	 from	 food,	 such	 as	 corn	 is	 an	 ideal	 method	 form	 an	
ecological	 outlook,	 yet	 it	 also	 conflicts	 with	 ethical	 dilemmas.	 Should	 the	
harvested	 food	be	made	 into	products,	while	 there	are	still	starving	people	out	
there?	Even	 in	the	 future,	 if	 the	world	gets	rid	of	poverty,	 there	will	always	be	
room	for	criticism,	as	in	some	cultures	or	individual	ideology,	its	less	about	the	
amount	of	resources,	and	more	about	showing	respect	to	the	food.		

8.6 Recommendations for Future Work 
For	possible	 future	work,	 in	order	 to	 solve	 the	potential	bad	 thermoregulation	
inside	 the	 trouser,	 companies	 may	 consider	 to	 carve	 their	 logotypes	 at	 the	
trousers’	 calves	 area	 (see	 figure	 33	 below).	 By	 doing	 that,	 helping	 the	 air	 to	
circulate	and	at	the	same	time	creating	a	brand	recognition.	Possibly	making	it	a	
trend	 if	marketed	well,	 thus	making	 the	 customer	wearing	 the	medical	 trouser	
with	pride.	
 

 
Figure 33. A suggestion for improving the thermoregulation and while carving the company’s 

logotype to strengthen the product’s brand identity. 
 
As	for	the	inbuild	compression	mechanic,	a	continued	research	is	recommended	
in	order	to	maximize	its	efficiency.	Writing	a	code	that	makes	the	manufacturing	
machine	 sew	 the	 stockings	 in	 a	 pattern	 that	mimics	 the	 Chinese	 finger	 trap	 is	
mandatory.	After	that,	a	study	of	how	the	human	musculoskeletal	system	works,	
specifically	the	calves	muscle	pump,	is	recommended.	As	that	has	the	potential	to	
integrate	some	biomimicry	findings	into	the	Chinse	finger	trap	stocking.			
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 Attachment D - Final Sketch Development 
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