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Abstract

Recent developments in the field of network research have led to a growing interest in interorganisational relationships 
among social science scholars. One of the most important research areas is related to entrepreneurship research and 
how relationship networks affect firm performance. However, the existing literature focuses mostly on qualitative case 
studies and quantitative studies that analyse mergers and acquisitions or patent types of data. 

By analysing connection and causality between activity in co-operational relationships and firm growth, this study 
seeks to empirically address the following research question: ‘How does activity in network relationships influence the 
growth and internationalisation of technology-based firms in emerging technology areas?’ Furthermore, the connec-
tion and causality between activity in co-operational relationships and the internationalisation rates of firms are also 
analysed. 

This analysis is based on a data set and interviews with 53 small and medium-sized firms. Both a descriptive analysis 
and regression methods are used to analyse the connection between activity in co-operational relationships and firm 
growth or internationalisation. Firm growth is measured with both revenue and the employment growth rate. In addi-
tion, the activity in in the co-operational relationships is divided into two components: increasing versus consistently 
high activity with network actors. To address possible causality issues, this research employs activity measures that are 
based on the importance of the relationships rather than simply the number of relationships. 

The results show that increasing activity with network actors is positively connected with firm growth as measured in 
both revenue and employment growth. Furthermore, the results partially support the hypothesis that consistently high 
activity is positively connected to firm growth. Finally, the results suggest that growth firms positively benefit from in-
creased relationship activity with both current and prospective actors in diverse relationship networks. Moreover, the 
single most negative result is the relatively low impact of relationship activities on public-sector actors and networks.

Key words: Interorganisational relationships, firm growth, internationalisation, networks

JEL: L14, L25, L26, O43

 
Tiivistelmä

Viimeaikainen kehitys verkostotutkimuksessa on kasvattanut kiinnostusta organisaatioiden välisten suhteiden tutkimi-
seen sosiaalitieteiden tutkijoiden keskuudessa. Yksi tärkeimmistä tutkimusalueista on selvittää, miten yrittäjyystutki-
mus ja verkostosuhteet vaikuttavat yrityksen menestykseen. Tästä huolimatta olemassa oleva kirjallisuus koostuu pää-
osin vain laadullisista tapaustutkimuksista ja määrällisistä tutkimuksista, jotka analysoivat lähinnä yrityskauppa- tai pa-
tenttidataa.

Tämä työ tutkii yritysten yhteistyösuhteiden ja yrityksen kasvun välistä yhteyttä empiirisesti analysoimalla toimijoi-
den välisiä suhteita sekä vastaamalla tutkimuskysymykseen: ”Miten verkostosuhteet vaikuttavat teknologialähtöisten 
yritysten kasvunopeuteen ja kansainvälistymiseen uusilla teknologia-aloilla?”. Lisäksi työssä tutkitaan yritysten yhteis-
työsuhteiden ja kansainvälistymisen välistä yhteyttä.

Tutkimusta varten haastateltiin 53 suomalaisen pienen ja keskisuuren yrityksen edustajaa. Tutkimuksessa käytetään 
sekä kuvailevia että regressioanalyysin menetelmiä analysoimaan yhteistyösuhteiden ja yrityksen kasvun tai kansain-
välistymisen yhteyttä. Yrityksen kasvua mitataan sekä liikevaihdon että henkilöstön kasvulla. Lisäksi aktiivisuus yhteis-
työsuhteissa jaetaan tutkimuksessa kahteen komponenttiin: kasvavaan ja jatkuvaan aktiivisuuteen verkostotoimijoiden 
kanssa. Tutkimuksessa huomioidaan mahdollisia kausaliteettiin liittyviä ongelmia luomalla aktiviteettimuuttujat yhteis-
työsuhteiden lukumäärän sijasta niiden tärkeyden perusteella.

Tutkimuksen tulokset osoittavat, että lisääntyvä aktiivisuus verkostotoimijoiden kanssa on positiivisesti yhteydessä se-
kä yrityksen että liikevaihdon ja henkilöstön kasvun suhteen. Tämän lisäksi tulokset osittain tukevat hypoteesia, että jat-
kuva aktiivisuus on positiivisesti yhteydessä yrityksen kasvuun. Tutkimustulokset myös viittaavat kasvuyritysten hyöty-
vän lisääntyvästä aktiivisuudesta sekä tulevien että nykyisten toimijoiden kanssa monipuolisessa verkostossa. Tulokset 
osoittavat myös, että julkisen sektorin toimijoiden ja verkostojen merkitys on aktiivisissa verkostosuhteissa vähäinen.

Asiasanat: Yritysten väliset suhteet, yrityksen kasvu, kansainvälistyminen, verkostot
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1 Introduction

1.1 Background
	
Recent	developments	in	the	field	of	network	research	have	led	to	a	growing	interest	in	inter-
organisational	relationships	among	physical	and	social	science	scholars	(Borgatti	et	al.,	2009,	
Gulati	et	al.,	2011).	Furthermore,	researchers	have	connected	network	research	with	entrepre-
neurship	research	to	investigate	how	networks	affect	firm	performance	(Slotte-Kock	and	Cov-
iello,	2010,	Watson,	2007).	For	example,	network	theory	suggests	that	network	relationships	
provide	access	to	otherwise	unavailable	resources	and	information	and	may	thus	have	a	pos-
itive	effect	on	firm	performance	(Watson,	2007).	To	investigate	the	above	process,	this	study	
examines	the	interorganisational	networks	of	Finnish	entrepreneurial	firms	in	high-technol-
ogy	sectors.	Moreover,	this	study	contributes	to	the	existing	literature	by	empirically	examin-
ing	the	connection	between	the	evolution	of	interorganisational	networks	and	firm	perform-
ance,	as	the	existing	literature	focuses	on	qualitative	case	studies	and	quantitative	studies	that	
analyse	mergers	and	acquisitions	or	patent	types	of	data.	The	measures	that	are	used	in	this	
study	to	analyse	the	above	connections	are	intended	to	describe	the	intensity	of	the	relation-
ships	with	certain	actors	rather	than	the	number	of	relationships	and	thus	contribute	new	in-
sights	to	the	literature.

An	 additional	 motivation	 for	 this	 study	 is	 the	 relatively	 small	 number	 of	 successful	 growth	
firms	in	Finland,	particularly	because	Finnish	governmental	organisations,	such	as	the	Finn-
ish	Innovation	Fund	(Sitra)	and	the	Finnish	Funding	Agency	for	Technology	and	Innovation	
(Tekes),	have	organised	public	funding	programs	to	support	growth	firms	in	high-technolo-
gy	 sectors.	However,	despite	 investments	 in	 these	 sectors,	 success	has	been	moderate	 in	 re-
cent	years,	especially	in	the	renewable	energy	technology,	environmental	technology,	and	na-
notechnology	sectors,	when	success	is	measured	in	terms	of	patenting	activity	(Palmberg	and	
Nikulainen,	2010,	Palmberg	and	Nikulainen,	2006).	This	study	provides	insight	into	these	is-
sues	by	describing	the	networks	of	the	studied	firms	and,	more	importantly,	by	examining	how	
these	networks	have	evolved	during	the	last	three	years	and	determining	which	actors	have	as-
sisted	the	interviewees	in	forming	new	network	relationships.	Understanding	these	issues	is	
important	because	previous	studies	have	argued	that	network	relationship	activity	is	positive-
ly	associated	with	the	success	and	survival	of	firms	(Watson,	2007,	Jack	et	al.,	2008,	Prashan-
tham	and	Dhanaraj,	2010).

1.2 Research questions and objectives
	
The	 two	 main	 objectives	 of	 this	 study	 are	 to	 describe	 interorganisational	 network	 relation-
ships	and	to	study	how	these	relationships	affect	firm	performance	in	the	context	of	Finnish	
small	and	medium-sized	renewable	energy	technology,	environmental	 technology,	and	nan-
otechnology	firms.	Therefore,	based	on	the	objectives	above,	the	main	research	question	can	
be	presented	as	follows:	

How	does	activity	in	network	relationships	influence	the	growth	and	internationalisation	
of	technology-based	firms	in	emerging	technology	areas?

This	research	question	is	operationalised	through	the	hypotheses	that	are	presented	in	Chap-
ter	3.
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To	answer	the	research	question,	this	study	examines	the	existing	literature	to	form	a	theoret-
ical	framework	for	the	researched	topics.	This	objective	is	achieved	by	establishing	the	theo-
retical	framework	in	four	stages.	First,	this	research	describes	entrepreneurial	networks	and	
recognises	the	actors	who	interact	in	these	networks.	The	second	stage	includes	the	study	of	
network	management	and,	more	importantly,	the	evolution	and	dynamics	of	such	networks.	
The	specific	aim	is	to	identify	the	positive	effects	of	network	relationships	according	to	the	ex-
isting	literature.	Third,	this	study	examines	how	inventions	are	commercialised	and	how	firm	
performance	is	measured.	Finally,	the	theoretical	framework	connects	the	commercialisation	
of	inventions	and	network	theory	to	form	the	basis	of	the	empirical	analysis.

The	empirical	analysis	consists	of	two	parts.	The	first	part	aims	to	describe	the	interorganisa-
tional	networks	of	the	analysed	firms,	and	the	second	part	aims	to	analyse	the	connection	be-
tween	network	activity	and	firm	performance	to	answer	the	research	question.	The	first	ob-
jective	of	the	empirical	portion	is	to	determine	whether	network	relationships	have	a	positive	
connection	with	firm	performance,	and	the	second	goal	is	to	attempt	to	identify	which	factors	
have	the	most	significant	effects	on	performance.	Furthermore,	these	results	provide	sugges-
tions	for	policy	makers	who	wish	to	develop	more	effective	support	methods.

1.3 Research methods
	
This	study	consists	of	two	major	parts:	the	theoretical	framework	and	the	empirical	analysis.	
The	theoretical	framework	is	a	literature	review	that	explores	three	major	topics.	The	first	top-
ic	is	entrepreneurial	networks	and	network	actors,	the	second	topic	is	network	evolution	and	
dynamics,	and	the	final	topic	is	commercialisation	and	firm	performance.	All	three	topics	are	
explored	from	the	perspective	of	an	emerging	firm.	

The	empirical	portion	of	this	study	is	based	on	data	that	were	collected	through	telephone	in-
terviews.	The	data	set	consists	of	53	interviews	and	thus	yielded	a	total	of	53	separate	data	en-
tries.	The	data	are	first	analysed	with	descriptive	statistics,	and	the	hypotheses	are	tested	with	
a	multivariate	regression	analysis.

1.4 Structure of the study
	
The	remainder	of	this	study	is	structured	as	follows.	The	second	chapter	presents	the	theoret-
ical	framework,	which	provides	an	extensive	review	of	the	literature	on	entrepreneurial	net-
works,	network	evolution	and	dynamics,	and	the	commercialisation	of	inventions.	The	theo-
retical	framework	chapter	summarises	the	theory	that	is	used	in	this	study	and	provides	the	
foundation	for	the	hypotheses	that	are	presented	in	the	third	chapter.	

The	fourth	chapter	describes	the	data	that	were	collected	through	the	survey	and	from	other	
external	sources.

The	fifth	chapter	explains	the	methodology	that	was	used	in	this	study	and	addresses	the	vari-
ables	and	model	that	were	used	in	the	regression	analysis.	
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The	sixth	chapter	presents	the	results	of	the	analysis.	This	chapter	first	explores	the	descriptive	
statistics	and	then	presents	the	regression	results,	followed	by	further	exploration	of	the	net-
work	activity;	finally,	the	chapter	analyses	the	robustness	of	the	regressions.

The	seventh	chapter	summarises	the	results,	discusses	the	implications	for	managers	and	re-
searchers,	and	analyses	the	limitations	of	the	study.

2 Theoretical framework
	
The	objective	of	this	chapter	is	to	construct	the	underlying	theoretical	framework	based	on	the	
existing	literature.	In	addition,	this	chapter	presents	the	theory	that	is	required	to	construct	
the	hypotheses	in	the	next	chapter.	This	chapter	is	organised	as	follows:	the	first	section	dis-
cusses	entrepreneurial	networks,	the	second	section	explores	network	evolution	and	dynam-
ics,	and	the	final	section	combines	network	theory	with	the	commercialisation	of	inventions.	

2.1 Entrepreneurial networks
	
The	history	of	network	research	within	the	field	of	entrepreneurship	is	only	approximately	25	
years	old	(Hoang	and	Antoncic,	2003).	However,	the	network	approach	is	a	much	older	dis-
cipline	that	has	been	studied	in	the	context	of	organisational	research	since	the	1930s	and	is	
rooted	in	the	concepts	of	sociology,	anthropology,	and	role	theory	(Tichy	et	al.,	1979,	Nohria	
and	Eccles,	1992,	Parkhe	et	al.,	2006).	Because	of	the	vast	body	of	literature,	this	section	dis-
cusses	networks	by	narrowly	focusing	on	the	entrepreneurial	aspects	of	network	theory.	Fur-
thermore,	the	concepts	that	are	presented	in	this	section	are	essential	for	understanding	the	
literature	that	is	examined	in	the	following	sections.	The	main	concepts	that	are	addressed	in	
this	section	are	a)	networks	and	how	they	are	formed,	b)	key	network	actors,	c)	network	bro-
kering	and	management,	and	d)	social	capital.	

Networks

The	concept	of	networks	is	central	for	this	study.	Therefore,	it	is	crucial	to	define	the	concept	
and	discuss	its	characteristics.	The	definitions	of	a	network	vary,	but	in	a	highly	cited	review	
article,	Hoang	and	Antoncic	 (2003)	define	networks	as	consisting	of	a	 set	of	actors	 (nodes)	
and	a	set	of	relationships	(links)	connecting	these	actors.	The	authors	acknowledge	that	their	
definition	is	more	general	than	most	other	definitions	in	the	literature,	but	for	this	study,	their	
definition	is	adequate	because	it	is	clear,	and	the	article	is	widely	cited.	Therefore,	this	defini-
tion	is	used	throughout	the	study.	

The	links	between	network	actors	can	be	defined	using	two	key	concepts:	weak	and	strong	ties	
(Granovetter,	1973,	Uzzi,	1997).	Granovetter	(1973)	emphasises	the	importance	of	weak	ties	
when	connecting	members	of	separate	small	groups.	Hence,	Granovetter	argues	that	weak	ties	
are	 more	 important	 distribution	 channels	 of	 new	 information	 than	 strong	 ties	 because	 dis-
tant	actors	have	better	access	to	alternate	information	sources	than	nearby	actors.	However,	
strong-tie	 relationships	 with	 close	 actors	 are	 primarily	 embedded	 (Granovetter,	 1985).	 The	
concept	of	embeddedness	indicates	a	business	relationship	that	also	has	a	personal	side.	In	an	
embedded	relationship,	the	trust	between	actors	is	pronounced.
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Uzzi	(1997)	further	develops	the	concept	of	embeddedness.	He	states	that	arm’s-length	ties	are	
in	complete	contrast	with	embedded	ties.	Furthermore,	an	arm’s-length	relationship	between	
actors	is	impersonal,	and	no	personal	relations	exist	between	the	actors.	This	concept	is	simi-
lar	to	weak	ties.	To	clarify	the	general	view,	Figure	1	portrays	the	links	between	the	concepts	
that	are	discussed	in	this	paragraph	and	the	previous	paragraph.	

Uzzi	(1997)	recognises	that	three	comments	of	embedded	relationships:	‘trust,	fine-grained	in-
formation	transfer,	and	joint	problem-solving	arrangements’.	These	three	components	control	
the	expectations	and	behaviours	of	exchange	actors.	Embedded	ties	form	primarily	through	
third-party	referral	networks	in	which	an	actor	who	has	embedded	ties	to	two	unconnected	
actors	brings	them	together.	

Uzzi	(1997)	emphasises	that	embedded	ties	have	many	positive	effects	on	both	sides,	but	neg-
ative	effects	also	exist.	In	particular,	ties	that	are	over-embedded	diminish	the	ability	of	actors	
to	adapt.	Therefore,	the	network	of	an	actor	should	consist	of	both	embedded	and	arm’s-length	
ties	to	balance	the	positive	and	negative	effects.	

Figure 1 Summary of different types of ties

Theoretical framework 6 

 
 

 

Figure 1. Summary of different types of ties 
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Figure 2. The concept of a structural hole 
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Moreover,	networks	can	be	divided	into	two	groups	based	on	their	types	of	ties.	Networks	that	
primarily	consist	of	arm’s-length	relations	are	diverse	and	lack	social	cohesion,	whereas	net-
works	that	consist	of	embedded	relations	are	cohesive	and	facilitate	repeated	social	and	busi-
ness	 interactions	 (Martinez	 and	 Aldrich,	 2011).	 In	 addition,	 a	 cohesive	 network	 comprises	
members	who	are	strongly	and	nearly	exclusively	connected	to	one	another.	

This	 study	now	proceeds	 to	discuss	 the	concept	of	 structural	holes	 (Burt,	1992)	 to	broaden	
the	focus	to	multiple	networks.	This	concept	is	visualised	in	Figure	2.	Burt	(1992)	argues	that	
a	structural	hole	exists	when	two	networks	are	not	connected	and	when	information	cannot	
be	shared	between	these	two	networks.	An	actor	who	can	act	as	an	intermediary	for	these	two	
networks	is	a	broker.	The	role	of	a	broker	can	be	valuable,	as	an	actor	can	broker	the	flow	of	
information	and,	for	instance,	control	which	projects	can	access	resources	from	opposite	sides	
of	 the	 hole.	 The	 benefits	 of	 such	 information	 are	 access,	 timing,	 and	 referrals.	 Notably,	 the	
theory	of	structural	holes	is	a	generalised	version	of	Granovetter’s	theory	of	weak	ties	(1973).
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Thus	far,	this	study	has	defined	a	network	as	comprising	actors	and	the	relationships	that	con-
nect	them.	These	relationships	can	be	weak	or	strong,	and	an	efficient	network	includes	both	
types	of	ties.	Furthermore,	structural	holes	separate	networks	that	are	not	connected.	Howev-
er,	the	question	of	why	networks	are	formed	remains	unanswered	and	thus	becomes	the	next	
discussion	topic	that	precedes	the	exploration	of	the	type	of	nodes	in	networks	and	the	man-
ner	in	which	entrepreneurial	firms	benefit	from	diverse	networks.

Network formation

According	to	Pittaway	et	al.	(2004),	there	are	two	explanations	for	the	formation	of	business	
networks.	The	first	explanation	focuses	on	a	resource	view	according	to	which	firms	form	net-
work	relationships	to	obtain	access	to	technical	or	commercial	resources	(Ahuja,	2000,	D’Cruz	
and	Rugman,	1994,	Staropoli,	1998).	The	second	explanation	focuses	on	a	theory	in	which	op-
portunities	to	form	links	tend	to	reflect	prior	relationships	(Ahuja,	2000).	

In	addition	 to	 these	 two	primary	explanations,	prior	 studies	have	 found	several	other	posi-
tive	implications	of	networking	(Pittaway	et	al.,	2004).	For	instance,	network	relationships	can	
provide	emotional	support	for	entrepreneurs	who	assume	risks	and	thus	increase	the	desires	
of	entrepreneurs	to	continue	conducting	business	(Hoang	and	Antoncic,	2003).	Entrepreneurs	
can	also	use	networks	to	gather	information,	ideas,	or	advice	(Birley,	1985,	Birley,	1987).	More	
importantly,	small	business	owners	can	gain	access	to	research	and	development	(R&D)	out-
sourced	by	major	firms;	establish	joint	R&D	ventures;	and	establish	other	relationships,	such	
as	marketing	or	manufacturing	relationships	(Rothwell,	1991,	Rothwell	and	Dodgson,	1991).	

Furthermore,	 Baum	 et	 al.	 (2000)	 claim	 that	 early	 inter-firm	 relationships	 are	 beneficial	 for	
the	financial	performance	of	start-ups	because	these	relationships	enable	firms	to	overcome	
many	 potential	 hazards	 in	 the	 early	 stages	 of	 growth.	 Entrepreneurs	 can	 efficiently	 provide	
access	to	diverse	information	and	capabilities	by	establishing	the	above-mentioned	relation-
ships	(Teece,	1986).	However,	if	an	entrepreneur	lacks	social,	technical,	and	commercial	capi-
tal,	then	such	a	firm	may	experience	problems	when	attempting	to	initiate	the	most	interest-
ing	and	beneficial	partnerships,	especially	if	the	firm	has	no	previous	record	(Ahuja,	2000).

Figure 2 The concept of a structural hole

Theoretical framework 6 

 
 

 

Figure 1. Summary of different types of ties 

This study now proceeds to discuss the concept of structural holes (Burt, 1992) to 

broaden the focus to multiple networks. This concept is visualised in Figure 2. Burt 

(1992) argues that a structural hole exists when two networks are not connected and 

when information cannot be shared between these two networks. An actor who can 

act as an intermediary for these two networks is a broker. The role of a broker can be 

valuable, as an actor can broker the flow of information and, for instance, control 

which projects can access resources from opposite sides of the hole. The benefits of 

such information are access, timing, and referrals. Notably, the theory of structural 

holes is a generalised version of Granovetter’s theory of weak ties (1973). 

 

Figure 2. The concept of a structural hole 

Thus far, this study has defined a network as comprising actors and the relationships 

that connect them. These relationships can be weak or strong, and an efficient 

network includes both types of ties. Furthermore, structural holes separate networks 

Weak ties 

Arm’s length 
relationship 

Diverse 
network 

Strong ties 

Embedded 
relationship 

 Cohesive 
network 

Network A 

Actor F 

Structural 
hole 

Network C 

Actor E 

Network B 

Network D 

Broker 



ETLA Keskusteluaiheita – Discussion Papers No 12788

In	conclusion,	networks	are	formed	to	gain	access	to	resources	and	support.	Furthermore,	the	
creation	of	new	relationships	can	reflect	prior	relationships.	To	gain	access	to	various	resourc-
es,	a	firm	must	form	relationships	with	a	diverse	set	of	actors.	Therefore,	the	next	section	ad-
dresses	the	most	important	network	actors	for	entrepreneurial	firms	and	discusses	the	advan-
tages	of	diverse	networks.

Network actors and firm innovation

In	their	study,	Pittaway	et	al.	(2004)	argue	that	for	an	innovative	firm	that	seeks	both	complex	
and	radical	innovative	processes,	a	diverse	set	of	network	relationships	and	partners	is	bene-
ficial	because	such	a	firm	can	then	integrate	different	knowledge	bases,	behaviours,	and	hab-
its	of	thought.	Specifically,	formal	and	informal	information	flow	between	partners	can	create	
unexpected	novel	combinations	of	knowledge.	However,	some	firms	may	build	innovation	re-
lationships	with	customers	to	lower	the	risk	level	that	is	associated	with	the	overall	relation-
ship.	Thus,	customer	knowledge	assists	firms	in	creating	new	innovations;	however,	the	results	
are	generally	more	incremental,	and	productivity	gains	are	thus	lower.	

Moreover,	 Pittaway	 et	 al.	 (2004)	 state	 that	 network	 types	 and	 innovation	 types	 are	 direct-
ly	 connected.	 In	 addition,	 some	 findings	 indicate	 that	 low	 networking	 activity	 reflects	 as	
low	innovation	competence	(Ritter	and	Gemünden,	2003,	Pittaway	et	al.,	2004).	Ferrary	and	
Granovetter	(2009)	emphasise	that	the	economic	success	of	a	start-up	is	connected	to	both	the	
entrepreneur	or	innovation	and	to	the	degree	of	embeddedness	of	the	start-up	in	social	net-
works.	These	networks	provide	financial	resources,	advice,	partners,	and	experts	(Ferrary	and	
Granovetter,	2009).	Understanding	the	key	benefits	of	different	actors	is	essential;	thus,	this	
study	proceeds	to	discuss	the	actors	within	a	network,	beginning	with	suppliers.	

The	benefits	of	supplier	integration	are	numerous,	but	only	the	most	important	benefits	are	
discussed	here.	One	benefit	is	that	supplier	integration	leads	to	groundbreaking	innovations	
when	 supplier	 integration	 specifically	 concerns	 innovation	 (Kaufmann	 and	 Tödtling,	 2001,	
Romijn	and	Albu,	2002).	Second,	the	supply	relationship	is	recognised	as	one	of	the	most	im-
portant	factors	affecting	innovation	performance	and	productivity	(Lincoln	et	al.,	1998).

However,	firms	most	often	consult	customers	when	initiating	a	network	relationship	for	the	
purpose	of	innovation	(Kaufmann	and	Tödtling,	2001).	According	to	Ragatz	et	al.	(1997),	cus-
tomers	are	 the	most	 important	partners	when	 firms	seek	 incremental	 innovations.	Further-
more,	Conway	(1995)	finds	that	customers	are	essential	for	generating	new	ideas,	and	firms	
that	are	able	to	obtain	critical	information	from	customers	are	commercially	more	successful.	

Suppliers	and	customers	may	be	 the	 two	most	 important	network	partners	 for	an	entrepre-
neurial	firm,	but	the	following	third	parties	are	also	essential	despite	their	lower	importance.	
The	first	third	party	that	is	explored	in	this	study	is	science	partners,	such	as	universities	and	
research	organisations.	Science	partners	are	particularly	 important	 for	a	 firm’s	research	and	
development	(R&D)	department.	These	partners	are	vital	for	the	transfer	of	scientific	infor-
mation	to	and	from	a	firm,	and	they	operate	as	intermediaries	within	networks	(Bougrain	and	
Haudeville,	2002).	Network	relationships	with	science	partners	are	typically	informal	and	per-
sonal	(Bower	and	Keogh,	1996),	and	these	relationships	generally	assist	in	expanding	a	firm’s	
thinking	beyond	the	normal	business	parameters	(Liyanage,	1995).	
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However,	science	partners	do	not	form	a	harmonious	group.	For	instance,	Ferrary	et	al.	(2009)	
distinguish	 between	 universities	 and	 research	 laboratories.	 According	 to	 the	 authors,	 both	
types	of	organisations	foster	innovation,	accumulate	expertise,	incubate	start-ups,	and	social-
ise	agents.	Nevertheless,	the	authors	state	that	universities	also	educate	workers	on	the	needs	
of	other	actors.	In	summary,	science	partners	are	important	for	firms	that	pursue	radical	in-
novation.	

Other	 third	parties	 include	network	partners	and	 institutional	mechanisms	whose	main	ac-
tivity	is	networking;	although	these	parties	have	many	forms	and	names,	their	goals	are	con-
sistent.	According	to	Pittaway	et	al.	(2004),	the	most	common	forms	of	network	partners	and	
institutional	mechanisms	are	incubators,	clusters,	and	centres	for	co-operation.	Other	forms	
include	science	parks,	industry	networks,	trade	associations,	and	professional	associations.

A	further	key	actor	group	in	a	firm’s	early	stage	is	financiers,	who	fulfil	the	financial	needs	of	a	
start-up	before	it	is	able	to	self-finance	its	operations.	Actors	who	belong	to	this	group	include	
venture	capitalists	and	private	investors.	These	actors	differ	slightly	from	the	previous	actor	
groups,	as	venture	capital	firms	and	venture	capitalists	(VCs)	are	typically	interconnected	and	
often	form	syndicates	for	investments	(Bygrave,	1987).	For	instance,	co-investments	offer	an	
information-sharing	 channel	 between	 VCs	 and	 thus	 enable	 venture	 capitalists	 to	 gather	 in-
formation	pertaining	to	future	technologies	and	trends.	Furthermore,	the	networks	that	VCs	
create	are	beneficial	 for	entrepreneurs,	as	these	networks	provide	access	to	information	and	
knowledge	that	is	otherwise	unavailable	to	a	start-up	(Florida	and	Kenney,	1988).	Ferrary	et	
al.	(2009)	report	similar	findings	and	argue	that	VCs	have	numerous	other	roles.	For	instance,	
VCs	select	which	start-ups	are	financed	and	then	embed	and	signal	them.	Signalling	indicates	
that	financing	by	a	well-known	VC	simultaneously	provides	a	positive	signal	that	a	financed	
firm	has	future	potential	and	that	the	risk	associated	with	operating	with	a	start-up	is	lower.	
Therefore,	at	some	level,	financing	decisions	justify	the	existence	of	firms.

In	addition	to	the	actors	who	have	been	discussed	in	this	study	thus	far,	numerous	other	actors	
affect	networks.	However,	this	analysis	limits	the	discussion	to	the	key	actors	because	the	role	of	
other	actors	is	limited	in	the	empirical	portion.	Some	of	the	other	actors	include	law	firms,	re-
cruitment	agencies,	media,	investment	banks,	competitors,	consultants,	industry	networks,	busi-
ness	clubs,	and	professional	associations	(Ferrary	and	Granovetter,	2009,	Pittaway	et	al.,	2004).

In	 summary,	 this	 sub-section	 has	 discussed	 the	 reasons	 that	 diverse	 networks	 are	 advanta-
geous	 for	entrepreneurial	 firms	and	examined	 the	characteristics	of	key	network	actors,	 in-
cluding	 suppliers,	 customers,	 science	 partners,	 network	 partners,	 and	 financiers.	 Moreover,	
entrepreneurs	can	form	relationships	with	a	diverse	set	of	actors	by	connecting	existing	net-
works	 to	 one	 another.	 Therefore,	 this	 discussion	 proceeds	 to	 investigate	 network	 brokerage	
and	the	benefits	that	brokers	provide.

Network brokerage

Burt	(2005)	suggests	that	brokers	are	actors	who	span	structural	holes	between	groups	of	peo-
ple	or	organisations.	Therefore,	brokers	have	a	critical	role	in	improving	information	flow	be-
tween	groups	(Kirkels	and	Duysters,	2010).	Howells	(2006)	argues	that	in	the	context	of	small	
and	medium-sized	enterprise	(SME)	networks,	the	role	of	brokers	is	not	limited	to	informa-
tion	transferring,	gathering,	or	linking	activities	but	that	intermediaries	provide	a	more	holis-
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tic	and	varied	role	for	clients	in	the	innovation	process	than	has	generally	been	acknowledged.	
Furthermore,	Snow	et	al.	(1992)	claim	that	managers	should	select	their	brokerage	roles	ac-
cording	to	their	objectives.	However,	the	objective	is	not	the	only	issue	that	affects	the	broker-
age	behaviour	of	managers;	the	personal	goals	and	interests	of	managers	also	influence	this	be-
haviour	(Gould	and	Fernandez,	1989,	Täube,	2004).	In	summary,	the	structural	environment,	
relations,	 information,	and	personal	characteristics	of	an	actor	affect	the	goals	and	interests	
mentioned	above	(Burt,	2005,	Kakati,	2003).	

This	discussion	further	examines	various	brokerage	roles	and	how	they	differ.	Figure	3	presents	
five	types	of	brokerage	(Kirkels	and	Duysters,	2010,	Gould	and	Fernandez,	1989):	coordina-
tors,	 gatekeepers,	 representatives,	 cosmopolitans,	 and	 liaisons.	 First,	 a	 coordinator	 coordi-
nates	and	enhances	information	flow	between	the	members	of	the	group	to	which	he	or	she	
belongs,	but	no	boundary	spanning	is	apparent.	A	gatekeeper	absorbs	information	from	other	
groups	and	then	transfers	the	information	to	the	members	of	his	or	her	own	group.	A	repre-
sentative	purveys	information	from	his	or	her	group	to	other	groups.	A	cosmopolitan	acts	as	
an	intercessor	who	works	in	a	group	to	which	he	does	not	belong.	Finally,	a	liaison	works	as	an	
intermediary	between	two	groups	to	which	he	or	she	does	not	belong	and	thus	enhances	the	
flow	of	information	between	groups.	

A	focal	actor	can	simultaneously	operate	in	various	roles	among	several	different	groups.	Fur-
thermore,	Kirkels	and	Duysters	(2010)	state	that	knowing	the	types	and	roles	that	exist	 in	a	
network	is	 important;	however,	 the	 lack	of	certain	roles	 in	a	network	describes	the	network	
even	more	aptly	because	this	absence	of	roles	reveals	a	significant	amount	information	per-
taining	to	the	knowledge	flows	and	transformations	in	the	network.

There	are	various	potential	venues	in	which	an	entrepreneur	can	bridge	ties	and	thereby	act	
as	a	broker.	Stam	(2010)	claims	that	industry	events	offer	an	important	bridging	opportuni-
ty	for	entrepreneurs	and	that	some	entrepreneurs	bridge	separate	groups	by	attending	events	

Figure 3 Five types of brokerage (Kirkels and Duysters, 2010, Gould and Fernandez, 1989)
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that	are	organised	by	these	groups.	These	entrepreneurs	gain	an	advantage	by	acting	as	a	liai-
son	among	the	separate	groups.	Stam	(2010)	also	proposes	that	a	bridging	entrepreneur	can	
become	a	community	leader	with	privileged	access	to	information	and	greater	visibility	among	
potential	customers.	Furthermore,	compared	with	other	events,	participating	events	with	few	
previously	known	participants	offer	better	networking	opportunities	for	the	brokering	of	new	
linkages	among	numerous	groups	(Stam,	2010).	This	view	is	supported	by	Hoang	and	Anton-
cic	(2003),	who	argue	that	entrepreneurs	require	more	bridging	ties	compared	with	managers.

Moreover,	Bergenholtz	(2011)	states	that	technology-intensive	firms	can	benefit	from	cooper-
ating	with	external	actors.	This	cooperation,	which	in	the	example	case	consists	of	meeting	sci-
entists	and	other	actors	from	unfamiliar	and	diverse	technical	fields,	provides	access	to	other-
wise	unavailable	information,	which	is	important	and	valuable	for	firms.	However,	the	co-op-
erational	model	is	expensive	and	requires	many	working	hours.	The	focus	of	this	cooperation	
is	primarily	on	information	brokering	between	actors	and	on	marketing	a	firm’s	expertise.	In	
addition,	Bergenholtz	(2011)	recognises	the	benefits	and	threats	of	information	sharing	par-
ticularly	in	the	form	of	spill-overs.	He	states	that	when	only	the	focal	actor	has	the	capacity	to	
broker	information	and	when	the	other	actors	have	diverse	backgrounds,	the	risk	for	‘unwant-
ed	knowledge	spill-over’	is	low.	This	condition	is	especially	applicable	when	a	relationship	is	
based	on	a	weak	tie.	In	this	case,	the	other	actors	are	not	likely	to	be	interrelated.	Therefore,	
the	actors	are	in	separate	social	networks,	and	the	focal	actor	can	broker	information	between	
these	networks	(Gilsing	et	al.,	2008).	However,	the	exchange	of	complex	information	is	more	
difficult	than	when	relationships	are	based	on	strong	ties	(Bergenholtz,	2011).	Furthermore,	
Bergenholtz	(2011)	recognises	that	the	nature	of	a	certain	technology	also	affects	the	outcome	
of	the	process.	A	firm	that	utilises	a	niche	technology	has	a	difficult	task	in	creating	a	network	
based	on	weak	ties	compared	with	a	firm	that	has	a	broader	technology	background.

In	conclusion,	the	key	activity	of	a	broker	is	to	provide	a	channel	for	information	flow	between	
network	actors.	A	broker	benefits	from	this	position	because	he	or	she	can	obtain	exclusive	ac-
cess	to	information	and	thus	constrain	the	access	of	other	actors.	Moreover,	if	network	rela-
tionships	are	based	on	weak	ties,	then	the	threat	of	unwanted	spill-overs	is	low.	However,	en-
trepreneurs	must	know	how	to	manage	these	relationships.	Thus,	the	discussion	proceeds	to	
examine	network	management.

Network management

Network	management	 is	a	key	aspect	of	networking,	and	the	types	of	network	management	
and	governance	affect	the	types	of	network	ties	(Bolton	et	al.,	1994).	When	a	relationship	be-
tween	actors	evolves	from	a	weak	tie	to	a	strong	tie	over	time,	the	actors	within	this	relation-
ship	eventually	trust	one	another,	and	the	relationship	provides	an	effective	channel	for	infor-
mation	flow	(Coles	et	al.,	2003,	Larson,	1991).	Uzzi	(1997)	finds	that	trust	is	especially	likely	to	
develop	when	both	sides	devote	additional	effort	(typically	voluntary	effort)	to	a	relationship.	
This	additional	effort	is	typically	described	as	‘favours’,	as	official	reciprocity	(e.g.,	contracts)	
cannot	be	observed.	In	addition,	Uzzi	(1997)	alleges	that	a	trust-managed	relationship	offers	
access	to	otherwise	unavailable	resources	that	can	increase	competitiveness.	Information	flow	
that	is	based	on	trust	has	been	shown	to	be	an	integral	aspect	of	a	strong,	long-term	inter-firm	
relationship	(Lipparini	and	Sobrero,	1994,	Pittaway	et	al.,	2004).	Reliance	on	strict	contracts	
rather	than	trust	between	actors	has	been	shown	to	depend	on	the	culture	and	the	institution-
al	context	in	which	firms	operate	(Bolton	et	al.,	1994,	Nooteboom,	2000).	
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In	their	study,	Provan	and	Kenis	(2008)	propose	a	typology	of	three	distinct	governance	mech-
anisms	for	relationships	between	organisations:	shared	governance,	a	lead	organisation-gov-
erned	 mechanism,	 and	 a	 system	 that	 is	 governed	 by	 a	 network	 administrative	 organisation	
(NAO).	The	shared	governance	method	is	based	on	an	assumption	that	the	organisations	in	a	
network	manage	the	operation	of	the	network	by	making	both	strategic	and	operational	deci-
sions	together;	therefore,	no	formalised	governance	body	exists.	Lead	organisation-governed	
networks	typically	have	one	larger	or	more	powerful	firm	that	operates	as	the	lead	or	hub	firm.	
All	of	the	firms	in	such	a	network	share	a	common	purpose,	but	only	the	lead	firm	may	have	
the	resources	or	legitimacy	that	is	required	to	serve	in	the	lead	role	in	the	network.	NAO-gov-
erned	networks	are	comparable	to	lead	organisation-governed	networks,	as	both	types	of	net-
works	 are	 managed	 by	 one	 central	 organisation.	 In	 contrast	 with	 lead	 organisation	 govern-
ance,	 the	 controlling	 organisation	 in	 NAO-governed	 networks	 has	 only	 a	 pure	 governance	
role.	Additionally,	Provan	et	al.	(2007)	observe	that	the	NAO	model	is	common	in	some	Eu-
ropean	countries	(e.g.,	Germany)	because	this	type	of	network	is	believed	to	simulate	interac-
tions	between	the	public	sector	and	the	private	sector	in	clusters	or	networks.

In	their	review	of	networks	and	innovation,	Pittaway	et	al.	(2004)	conclude	that	firms	have	the	
competence	to	manage	their	networks,	but	the	level	of	competence	varies	widely	across	firms.	
Additionally,	the	extent	to	which	firms	have	access	to	new	opportunities	is	connected	to	their	
existing	networks	and	participation	in	those	networks	(Powell	et	al.,	1996).	

In	conclusion,	trust	 is	one	of	the	key	network	management	methods.	The	network	manage-
ment	method	 is	both	culturally	and	 institutionally	dependable.	For	example,	other	network	
management	methods	include	shared,	lead	organisation,	and	NAO	governance.	However,	be-
fore	discussing	network	evolution	and	dynamics,	 this	study	briefly	examines	 the	concept	of	
social	capital	because	it	is	closely	related	to	the	concept	of	networks	(Adler	and	Kwon,	2002).

Social capital

According	to	Adler	and	Kwon	(2002),	the	definition	of	social	capital	is	as	follows:	‘Social	cap-
ital	is	the	goodwill	available	to	individuals	or	groups.	Its	source	lies	in	the	structure	and	con-
tent	of	the	actor’s	social	relations.	Its	effects	flow	from	the	information,	influence,	and	solidar-
ity	it	makes	available	to	the	actor’.	Furthermore,	the	concept	of	social	capital	has	been	inves-
tigated	extensively	in	the	literature;	hence,	a	thorough	examination	of	this	concept	is	beyond	
the	scope	of	this	study.	Therefore,	in	this	study,	the	concept	of	social	capital	is	posited	as	being	
similar	to	the	topics	that	are	covered,	and	the	study	addresses	several	benefits	and	risks	that	
are	associated	with	this	type	of	capital.

Furthermore,	 Adler	 and	 Kwon	 (2002)	 claim	 that	 three	 individual	 benefits	 arise	 from	 social	
capital:	information,	power,	and	solidarity.	As	Coleman	(1988)	explains,	the	benefits	of	pow-
er	may	include	the	accumulation	of	social	capital,	which	can	be	observed	as	increased	social	
power	and	influence	over	other	actors.	In	addition,	Adler	and	Kwon	(2002)	state	that	solidar-
ity,	which	is	associated	with	the	goodwill	effect	of	social	capital,	reduces	the	need	for	formal	
controls	because	solidarity	is	connected	with	strong	social	norms	and	beliefs.	

In	summary,	this	section	has	discussed	the	key	concepts	of	networks	for	entrepreneurial	firms,	
and	this	discussion	now	proceeds	to	address	the	evolution	of	such	networks.
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2.2 Network evolution and dynamics
	
The	main	objective	of	this	section	is	to	examine	how	a	network	evolves	over	time	by	explor-
ing	the	key	aspects	of	network	evolution	and	dynamics.	Furthermore,	the	analyses	in	this	sec-
tion	and	the	following	section	create	the	basis	for	generating	the	hypotheses	in	Chapter	3.	The	
main	concepts	that	are	addressed	in	this	section	are	a)	a	firm’s	life	cycle	and	network	evolu-
tion,	b)	the	evolution	of	embedded	ties,	c)	the	evolution	of	innovation	networks,	d)	the	evolu-
tion	of	venture	networks,	and	d)	the	evolution	and	dynamics	of	international	ventures.	

Firm life cycle and network evolution

Both	strategy	and	entrepreneurship	research	divide	organisational	life	cycles	into	several	stag-
es:	emergence,	early	growth,	later	growth,	maturity	and	often	death	(Hite	and	Hesterly,	2001,	
Gartner	 and	 Brush,	 1999,	 Kazanjian	 and	 Drazin,	 1989).	 However,	 Hite	 and	 Hesterly	 (2001)	
note	that	the	above	model	is	limited	and	that	it	is	difficult	to	define	the	stage	in	which	a	firm	is	
currently	operating.	Moreover,	a	change	in	stage	is	both	a	change	that	occurs	over	time	and	a	
proxy	for	numerous	other	strategic	changes,	such	as	goals,	asset	stocks,	resource	needs,	and	re-
source	acquisition	changes	(Hite	and	Hesterly,	2001,	Reese	and	Aldrich,	1995).	Hite	and	Hes-
terly	(2001)	claim	that	firms	in	early	stages	encounter	three	distinct	resource	acquisition	chal-
lenges,	 including	availability,	accessibility,	and	uncertainty,	which	strategically	vary	through	
emergence	and	early	growth.	In	addition,	the	authors	argue	that	these	three	issues	are	impor-
tant	originators	of	network	evolution.	

Moreover,	Hite	and	Hesterly	 (2001)	propose	 that	during	 the	emergence	of	a	 firm,	entrepre-
neurs	form	their	networks	based	on	their	existing	social	networks.	A	firm’s	network	evolves	
during	the	emergence	stage,	and	entrepreneurs	form	interpersonal	network	ties	through	rou-
tines	and	procedures.	These	 ties	may	become	 interorganisational	by	providing	channels	 for	
information	 and	 resource	 exchange	 between	 organisational	 entities.	 Furthermore,	 Hite	 and	
Hesterly	(2001)	propose	that	three	changes	occur	simultaneously	in	a	firm’s	network	when	the	
firm	undergoes	a	stage	change.	These	three	changes	represent	a	movement	from	an	identity-
based	network	to	a	more	calculative	network.	

First,	during	a	stage	change,	the	proportion	of	embedded	ties	within	a	firm’s	network	decreas-
es	because	new	relationships	are	more	based	on	instrumental	and	economic	exchange	than	on	
social	commitments	and	relationships.	Second,	as	network	cohesion	decreases	during	a	change	
of	stage,	 the	number	of	structural	holes	 that	a	 firm	must	bridge	 increases.	Third,	during	the	
emergence	stage,	a	path-dependent	process	dominates	the	evolution	of	networks,	but	during	a	
change	in	early	growth,	network	management	becomes	more	intentionally	managed.	Moreover,	
Hite	and	Hesterly	(2001)	argue	that	the	evolution	of	networks	that	is	proposed	above	is	a	re-
sponse	to	a	change	in	the	availability,	accessibility,	and	uncertainty	of	resources	during	a	stage	
change	in	conjunction	with	changes	in	the	needs	of	a	firm.	Therefore,	the	authors	conclude	that	
the	coevolution	of	a	firm	is	interconnected	with	its	resource	needs,	challenges,	and	networks.

In	conclusion,	the	life	cycle	of	a	firm	consists	of	several	stages.	These	stages	are	not	clearly	de-
fined,	and	a	firm	may	bypass	a	stage.	Moreover,	a	change	in	stage	is	a	proxy	for	numerous	stra-
tegic	changes	that	a	firm	experiences.	As	a	firm	evolves	and	progresses	to	various	stages,	its	
network	and	resource	needs	also	evolve.	Subsequently,	this	study	proceeds	to	discuss	how	in-
dividual	network	ties	evolve	with	special	emphasis	on	embedded	ties.
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The evolution of embedded ties

The	majority	of	the	relationships	of	an	early-stage	firm	are	grounded	in	former	personal	rela-
tionships	that	are	often	based	on	embedded	ties	(Hite,	2005).	These	relationships	with	differ-
ent	actors	evolve	recursively	over	time	to	become	fully	relationally	embedded	and	thus	offer	
access	to	trust,	which	is	the	key	governance	mechanism	for	contracting	(Hite,	2005,	Dyer	and	
Singh,	1998,	Uzzi,	1997).	Furthermore,	entrepreneurs	have	few	methods	of	managing	the	ev-
olutionary	path	but	can	have	a	greater	influence	in	the	social	leveraging	process	(Hite,	2005).	

Hite	(2005)	defines	social	leveraging	processes	as	enabling	existing	social	network	ties	to	de-
velop	other	social	components,	such	as	personal	relationships,	social	capital,	and	dyadic	in-
teractions,	with	existing	components.	The	active	management	of	the	social	leveraging	process	
can	affect	the	type	and	extent	of	embeddedness.	Furthermore,	Hite	(2005)	argues	that	embed-
dedness	may	influence	the	possible	level	of	trust	in	relationships.	However,	an	early-stage	firm	
must	find	a	balance	between	the	positive	and	adverse	effects	of	over-embeddedness.	These	ef-
fects	can	emerge,	for	instance,	as	easier	access	to	resources	or	as	unfavourable	decisions.	

Moreover,	 Hite	 (2005)	 argues	 that	 partially	 embedded	 network	 ties	 require	 other	 modes	 of	
governance	before	trust	can	be	fully	developed.	These	governance	methods	must	be	observed	
and	changed	during	the	evolution	of	a	relationship.	However,	governance	modes	interact	with	
the	evolution	of	embedded	ties,	and	this	interaction	complicates	the	entire	process.	According	
to	Hite	(2005),	some	relationally	embedded	ties	do	not	develop	into	fully	embedded	ties,	and	
some	ties	even	begin	to	devalue	as	their	relevance	decreases.	

Overall,	embedded	ties	are	typically	grounded	in	the	former	personal	ties	of	entrepreneurs.	In	
addition,	the	governance	method	of	embedded	relationships	depends	on	the	level	of	trust.	En-
trepreneurs	can	influence	the	social	leveraging	process	more	than	the	evolutionary	path,	which	
is	less	manageable.	To	better	understand	the	evolutionary	path,	this	study	broadens	the	discus-
sion	to	the	network	level.	The	first	topic	of	discussion	is	the	evolution	of	innovation	networks.

The evolution of innovation networks

Most	earlier	studies	have	researched	the	evolution	of	 innovation	networks	 in	 the	context	of	
the	biotechnology	industry	(see,	e.g.,	Powell	et	al.	(2005),	Gay	and	Dousset	(2005)).	In	their	
article,	Gay	and	Dousset	(2005)	claim	that	it	is	essential	to	understand	how	networks	evolve	
and	the	dynamics	behind	this	evolution.	Moreover,	the	authors	argue	that	the	most	connected	
and	central	firms	in	a	network	hold	the	patents	that	are	perceived	as	the	key	intellectual	prop-
erty	(IP)	in	a	certain	sector.	This	fact	and	the	examination	of	network	structures	demonstrate	
the	 strong	 connection	 between	 innovation	 and	 the	 emergence	 of	 a	 network	 structure.	 Fur-
thermore,	Gay	and	Dousset	(2005)	extend	the	analysis	by	claiming	that	the	most	central	firms	
form	hubs	and	that	these	hubs	are	interconnected.	These	connections	evolve	primarily	based	
on	technologies,	and	information	appears	to	flow	primarily	from	central	actors	to	actors	with	
lesser	centrality	scores.	However,	linkages	to	central	hubs	are	limited	by	technological	evolu-
tion	over	time,	and	new	technologies	shape	the	overall	evolution	of	such	networks.

Additionally,	Gay	and	Dousset	(2005)	emphasise	that	although	hubs	hold	the	power	because	
they	own	the	key	IP,	the	overall	diffusion	of	knowledge	from	the	central	players	is	rapid.	In	ad-
dition,	when	discussing	preferential	attachments,	Gay	and	Dousset	(2005)	argue	that	the	hy-
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pothesis	of	the	‘fitter-get-richer’	(Bianconi	and	Barabási,	2001)	is	more	justified	than	the	hy-
pothesis	of	the	 ‘rich-get-richer’	(Barabási	and	Albert,	1999).	Gay	and	Dousset	(2005)	define	
fitter	firms	as	firms	with	state-of-the-art	technology.	The	authors	argue	that	young	nodes	can	
accrue	linkages	rapidly	if	they	have	a	high	level	of	fitness	with	potential	partners	and	if	their	
centrality	increases	simultaneously.	Nodes	with	different	fitness	values	also	evolve	and	com-
pete	for	links	over	time.	Moreover,	the	alliance	formation	rate	of	hubs	changes	through	differ-
ent	technological	stages	that	correspond	to	different	network	structures	and	technological	ca-
pabilities.	Finally,	Gay	and	Dousset	(2005)	argue	that	network	structures	and	growth	stages	are	
interconnected	and	that	the	former	changes	according	to	the	latter.	In	addition,	there	is	a	link	
between	stage	changes	and	radical	innovation.	The	authors	also	propose	that	information	dif-
fusion	and	incremental	innovation	are	processes	that	follow	radical	innovation.

In	their	study	of	alliances,	Baum	et	al.	(2010)	claim	that	firms	usually	ally	with	a	restricted	set	
of	actors	because	the	information	value	of	ties	elevates	partnerships	with	past	partners,	and	
new	partnerships	are	created	based	on	referrals	of	past	partners	who	are	in	a	lucrative	posi-
tion.	However,	bridging	the	parts	of	a	network	that	is	separated	by	structural	holes	offers	a	val-
uable	opportunity	for	firms	to	utilise	the	vision,	brokering,	and	control	of	resources	that	are	
attained	by	connecting	these	networks.	

In	conclusion,	in	innovation	networks,	the	transfer	of	knowledge	in	different	forms	is	one	of	
the	key	forces	behind	the	formation	of	network	relationships.	Furthermore,	 innovation	net-
works	evolve	in	connection	with	the	evolution	of	technology	as	needs	change	and	as	knowl-
edge	 is	diffused	rapidly	 through	 the	networks.	After	discussing	 the	evolution	of	 innovation	
networks,	 this	 study	 elaborates	 on	 the	 evolution	 of	 venture	 networks.	 Moreover,	 the	 study	
aims	to	explore	the	differences	between	successful	and	less	successful	firms.

The evolution of venture networks 

The	evolution	of	venture	networks	varies.	However,	Jack	et	al.	(2008)	note	that	the	two	suc-
cessful	 firms	that	are	examined	in	their	case	study	repeat	 the	growth	stage	process	multiple	
times	during	the	six-year	observation	period.	Although	all	 three	entrepreneurs	who	are	ob-
served	in	the	study	recognised	the	need	to	expand	their	networks,	only	the	two	successful	en-
trepreneurs	networked	actively	in	their	respective	industries.	In	contrast	with	the	successful	
entrepreneurs,	the	less	successful	entrepreneur	networked	only	through	local	professional	and	
commercial	networks.

Moreover,	Jack	et	al.	(2008)	argue	that	the	entrepreneurs’	meetings	and	connections	with	new	
individuals	 created	 a	 pool	 of	 weak-tie	 relationships	 whose	 characteristics	 were	 known.	 The	
authors	explain	this	process	as	creating	a	pool	of	potential	strong-tie	relationships	that	await	
formation.	In	addition,	Jack	et	al.	(2008)	propose	several	positive	effects	that	strong-tie	rela-
tionships	provide	 to	 successful	entrepreneurs.	The	entrepreneurs	use	discussions	with	 their	
strong	ties	to	ascertain	their	visions	of	the	future	and	to	broker	introductions	to	key	potential	
customers.	Furthermore,	entrepreneurs	can	deepen	their	senior	relationships,	which	can	even	
develop	into	friendships	over	time.	

Moreover,	these	senior	relationships	may	be	required	to	take	business	relationships	to	the	next	
level,	at	which	such	relationships	extend	beyond	the	trading	of	goods	(e.g.,	the	development	
of	new	products	or	services).	One	benefit	of	this	process	is	that	the	early	broadening	of	a	net-
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work	improves	future	flexibility	and	hinders	the	negative	effects	of	an	embedded	network,	es-
pecially	when	changes	are	required	(Jack	et	al.,	2008,	Kim	and	Aldrich,	2005).	Furthermore,	
an	 economic	 interaction	 can	 occur	 only	 after	 a	 social	 interaction	 has	 occurred	 (Jack	 et	 al.,	
2008).	However,	this	result	is	not	consistent	with	the	findings	of	Hite	(2005),	who	states	that	
economic	interactions	occur	prior	to	the	development	of	social	ties.	A	possible	explanation	for	
these	different	results	may	be	differences	in	industries,	business	logistics,	or	locations,	such	as	
the	Scottish	oil	industry	in	the	research	of	Jack	et	al.	(2008)	and	the	computer	industry	in	the	
United	States	in	the	work	of	Hite	(2005).	Figure	4	presents	the	key	processes	of	a	venture	in	its	
establishment	and	growth	stages	(Jack	et	al.,	2008).

Studying	the	dynamics	of	evolution	in	entrepreneurial	networks,	Jack	et	al.	(2008)	claim	that	
the	environmental	 learning	of	entrepreneurs	and	their	networks	are	 interconnected.	For	 in-
stance,	entrepreneurs	may	discuss	a	 ‘fact’	 that	 they	have	 learned	 from	a	source	within	 their	
strong-tie	connections	and	form	their	own	opinion	and	evaluate	the	effects	only	after	the	dis-
cussion	process.	Furthermore,	the	authors	argue	that	social	interactions	‘construct’	the	mar-
ket	and	that	entrepreneurs	use	strong	ties	to	exploit	the	experiences	of	partners,	to	learn	from	
these	experiences,	and	to	shape	the	network	experience	to	change	the	strategic	direction	of	the	
ventures.	Finally,	Jack	et	al.	(2008)	argue	that	individuals	who	are	better	connected	have	access	
to	more	relevant	knowledge.	

In	summary,	networks	of	ventures	evolve	over	time.	Furthermore,	relationships	among	ven-
tures	also	evolve,	and	new	weak	relationships	created	by	ventures	can	develop	into	strong	re-
lationships.	These	strong	ties	create	channels	for	information	and	resource	sharing.	Further-
more,	these	channels	offer	entrepreneurs	opportunities	for	environmental	learning.	To	broad-
en	 the	 context	 of	 this	 sub-section	 from	 a	 local	 to	 a	 more	 international	 level,	 the	 following	
discussion	examines	international	new	ventures	(INVs).

Figure 4 Key processes in the establishment and growth stages (Jack et al., 2008)
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The evolution and dynamics of international new ventures

For	many	ventures,	the	local	market	is	not	sufficient.	Therefore,	this	study	proceeds	to	dis-
cuss	international	new	ventures	(INVs).	In	her	study,	Coviello	(2006)	distinguishes	INVs	as	
ventures	with	an	early	focus	on	global	activities	and	internationalisation,	and	she	argues	that	
INVs	use	networks	 to	 facilitate	rapid	 internationalisation.	Coviello	(2006)	divides	 the	evo-
lution	of	 firm	networks	 into	three	distinct	stages:	emergence,	commercialisation,	and	sales	
growth	(Kazanjian	and	Drazin,	1989).	In	each	stage,	the	structure	of	the	network	was	meas-
ured	 in	 range,	 density,	 and	 closeness	 and	 betweenness	 centrality	 for	 the	 three	 firms.	 First,	
Coviello	 (2006)	 reports	 that	 as	 the	 firms	 grow,	 the	 range	 of	 INV	 networks	 increases,	 and	
their	density	decreases.	Second,	constraints	on	the	ventures	decrease	as	the	non-redundant	
aspects	of	the	network	increase.	Third,	the	firms	have	high	closeness	values	throughout	each	
stage,	whereas	their	betweenness	values,	which	measure	the	degree	to	which	a	firm	is	posi-
tioned	between	other	actors,	increase	in	each	stage.	All	three	observations	have	an	increas-
ing	effect	on	social	capital.	Observing	the	network	evolution	of	young	INVs,	Coviello	(2006)	
remarks	that	 this	network	 is	both	path-dependent	and	intentionally	manageable	 in	each	of	
the	three	stages.

In	addition,	Coviello	(2006)	analyses	how	the	network	interactions	changed	during	the	three	
stages.	The	common	factor	for	each	of	the	three	firms	is	that	they	internationalised	through	
network	ties	that	were	generated	during	or	even	prior	to	the	first	stage,	and	these	ties	are	more	
economic	than	social	in	nature.	It	was	remarkable	how	important	the	early	ties	are	for	inter-
nationalisation	and	how	third	parties	act	as	catalysts	in	all	ties.	However,	although	third-par-
ty	referrals	are	common	in	all	three	stages,	the	reputation	of	the	firms	remains	at	a	low	level	
throughout	each	of	the	stages	(Coviello,	2006).

In	another	INV	study,	Prashantham	and	Dhaharanaj	(2010)	claim	that	entrepreneurs	dynami-
cally	produce	and	distribute	social	capital	over	time.	The	authors	also	find	that	three	separate	
processes	affect	the	depreciation	of	social	capital:	tie	decay,	tie	obsolescence,	and	tie	utility	life	
cycle.	Tie	decay	refers	to	the	diminishing	use	of	a	tie	over	time,	which	decreases	the	useful-
ness	of	network	relationships.	Tie	obsolescence	occurs	when	a	tie	becomes	obsolete	because	
the	usefulness	of	a	relationship	is	situation	dependent	(e.g.,	a	network	connection	has	depart-
ed	from	its	previous	position).	Finally,	a	tie	utility	life	cycle	refers	to	a	phenomenon	in	which	
a	contact	cannot	provide,	for	instance,	new	direct	business	relationships	after	a	certain	period.	
In	conclusion,	these	three	processes	affect	the	decline	of	social	capital	over	time.	

Studying	the	growth	of	social	capital,	Prashantham	and	Dhaharanaj	(2010)	find	that	successful	
ventures	(as	measured	in	revenue	growth)	recognise	the	need	to	expand	their	social	networks	
and	act	accordingly	by	searching	for	new	potential	network	actors	and	by	deepening	their	net-
works	both	overseas	and	in	their	home	markets.	In	particular,	successful	ventures	extend	be-
yond	the	known	network	relationships	and	attempt	to	benefit	from	previous	business	contacts.	
Compared	with	less	successful	ventures,	successful	ventures	utilise	more	proactive	and	cost-
effective	measures	to	access	new	international	markets.	These	measures	include	government-
subsidised	trade	missions	abroad,	emails	and	telephone	calls,	or	relationships	that	are	formed	
with	local	representatives	of	foreign	trade	bodies.	Prashantham	and	Dhanaraj	(2010)	conclude	
that	successful	firms	utilise	more	inventive	methods	when	attempting	to	expand	their	social	
capital	during	the	internationalisation	process.
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Additionally,	Prashantham	and	Dhaharanaj	(2010)	argue	that	social	capital	provides	a	network	
learning	process	and	that	firms	that	are	able	to	exploit	the	process	have	higher	growth	rates.	
Furthermore,	according	to	the	conceptual	proposals	(Nahapiet	and	Ghoshal,	1998)	and	em-
pirical	evidence	in	various	studies,	social	capital	facilitates	the	creation	and	acquisition	of	new	
information	and	knowledge	(Yli-Renko	et	al.,	2001,	Wu,	2008,	Nielsen	and	Nielsen,	2009).	In	
their	study,	Prashantham	and	Dhaharanaj	(2010)	argue	that	successful	ventures	are	better	able	
to	learn	from	their	strong	and	weak	ties	about	new	international	markets	and	especially	how	
to	provide	better	service	for	their	customers	in	a	certain	market.	Figure	5	presents	the	proc-
esses	that	are	discussed	in	this	sub-section.

Figure 5 A model of how social capital impacts on the internationalisation of a new 
 venture (Prashantham and Dhanaraj, 2010)

In	 conclusion,	 the	 network	 of	 an	 INV	 evolves	 in	 three	 stages.	 Furthermore,	 there	 are	 three	
different	processes	that	increase	the	social	capital	of	such	ventures	in	each	of	the	three	stag-
es.	 However,	 the	 value	 of	 existing	 relationships	 in	 a	 network	 depreciates	 over	 time	 because	
of	three	separate	processes;	therefore,	it	is	essential	to	form	new	network	relationships.	This	
chapter	has	thus	far	primarily	discussed	networks	of	entrepreneurial	firms	and	how	these	net-
works	evolve.	The	following	section	aims	to	connect	 the	above	discussion	to	the	concept	of	
commercialisation.

2.3 The commercialisation of an invention
	
The	commercialisation	of	an	invention	is	a	multistep	process,	and	a	business	model	is	an	es-
sential	part	of	this	process.	A	business	model	expresses	the	logic	of	how	a	firm	creates	and	de-
livers	value	 to	customers.	 In	addition,	a	business	model	describes	 the	 logic	of	 the	organisa-
tional	and	financial	architecture	of	a	firm	(Teece,	2010,	Chesbrough	and	Rosenbloom,	2002).	
Teece	 (2010)	 argues	 that	 a	 business	 strategy	 in	 which	 strategists	 define	 how	 a	 firm	 creates	
competitive	advantages	and	mechanisms	with	which	to	generate	high	profits	is	more	theoreti-
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cally	abstract	than	a	more	generic	theory	of	a	business	model.	Additionally,	a	key	task	follow-
ing	the	development	of	a	viable	model	 is	 to	ensure	that	the	model	 is	differentiated	and	that	
it	continues	to	undergo	further	development.	Figure	6	presents	a	model	that	explains	the	de-
sign	of	a	business	model	and	describes	the	continuous	nature	of	the	model-creation	process.	
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ating	a	business	model	that	is	compatible	with	the	technology	strategy	is	imperative	for	com-
mercial	 success	and	 for	 the	creation	of	sustainable	competitive	advantages.	Furthermore,	 in	
the	creation	of	a	business	model,	it	is	essential	to	have	access	to	both	information	and	intelli-
gence	from	customers,	competitors,	and	suppliers	in	addition	to	creativity	and	insights	(Teece,	
2010).	Moreover,	Teece	(2010)	proposes	 that	designing	a	process	of	delivering	value	 to	cus-
tomers	is	as	significant	as	designing	a	value-capturing	mechanism.	In	addition,	Teece	(2010)	
argues	 that	 a	 model	 without	 well-designed	 value-delivering	 or	 value-capturing	 processes	 is	
not	sustainable.

Two	extreme	business	models	are	recognised	for	capturing	the	value	from	an	innovation:	an	
integrated	model	and	a	licensing	model	(Teece,	2010).	In	the	integrated	model,	an	innovator	
firm	 is	 responsible	 for	 the	 process	 from	 design	 to	 distribution.	 The	 integrated	 model	 is	 re-
markable	in	that	the	innovator	both	innovates	and	embeds	the	innovation	into	a	product	or	
service.	However,	in	the	licensing	model,	an	innovating	firm	is	responsible	only	for	the	crea-
tion	of	an	innovation	or	invention,	and	a	licensee	is	responsible	for	commercialisation.	In	the	
first	model,	a	key	requirement	for	success	is	to	possess	the	assets	that	are	required	for	product	
design,	manufacturing,	and	distribution.	In	the	second	model,	a	key	requirement	for	sustain-
ability	is	strong	intellectual	rights	that	protect	the	innovator	from	the	licensee,	who	could	at-
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tempt	to	capture	the	value.	However,	most	business	models	are	hybrids	of	these	two	models.	
The	development	of	sustainable	hybrid	models	is	not	easier	than	that	of	the	extreme	models.	
Nevertheless,	both	models	require	the	appropriate	skills	(Teece,	2007,	Teece,	2010).	In	partic-
ular,	the	licensing	model	is	similar	to	the	concept	of	open	innovation	in	which	firms	license	
innovations	to	and	from	one	another	(Chesbrough,	2006,	Chesbrough,	2003).	Compared	with	
the	highly	theoretical	models	that	were	provided	by	Teece	(2010),	Libaers	et	al.	(2010)	propose	
six	different	business	models	for	technology	firms	concentrated	on	innovation.	These	models	
are	presented	in	Figure	7.
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Figure 7 Business models for innovative firms (Libaers et al., 2010)

The	 resulting	 business	 models	 are	 not	 unchangeable.	 After	 a	 firm	 understands	 its	 custom-
er	needs,	determines	what	its	customers	want,	and	designs	a	business	model	that	satisfies	the	
needs	of	the	firm	more	aptly	than	previous	models,	the	managers	of	the	firm	can	be	consid-
ered	business	pioneers.	Nevertheless,	this	situation	is	only	temporary	because	the	competitive	
landscape	is	continually	shifting.	Thus,	a	firm	may	need	to	revise	or	even	abandon	its	current	
business	model	regardless	of	the	previous	success	of	the	model.	Similar	to	the	initial	business	
model	proposals	at	the	beginning	stages	of	the	life	cycle,	the	model	must	be	developed	through	
learning	and	adjustments	(Teece,	2010).

The	commercialisations	of	research	and	technology	inventions	and	innovations	are	key	proc-
esses	in	high-technology	firms.	Markman	et	al.	(2008)	divide	these	processes	into	three	cate-
gories:	internal,	quasi-internal,	and	external	approaches.	The	internal	approach	can	be	divided	
into	two	groups	based	on	the	organisation	type:	firms	and	universities.	In	universities,	a	tech-
nology	transfer	office	(TTO)	is	usually	responsible	for	serving	as	a	bridging	actor	and	bounda-
ry	spanner	between	academic	scientists	(‘suppliers’)	and	entrepreneurs/ventures	(‘customers’).	
The	challenges	of	a	TTO	include	the	norms,	standards,	and	values	of	scientists	and	entrepre-
neurs/ventures	that	are	distinctly	different.

According	to	Markman	et	al.	(2008),	quasi-internal	approaches	are	also	used	by	universities	
and	firms	to	accelerate	the	commercialisation	of	innovations.	A	key	operator	in	the	quasi-in-
ternal	approach	is	a	business	incubator,	who	offers	business	support,	resources,	and	services	
for	both	entrepreneurs	and	ventures.	Furthermore,	a	university	 incubator	should	choose	an	
approach	that	endorses	other	aspects	of	the	university’s	innovation	system	(Phan	and	Siegel,	
2006,	Clarysse	et	al.,	2005).	Figure	8	summarises	the	four	main	objectives	of	a	business	incu-
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bator.	Keil	et	al.	(2008)	imply	that	both	social	and	network	factors	have	key	roles	in	the	com-
mercialisation	of	innovation;	this	implication	is	consistent	with	previous	studies	of	university	
environments	(e.g.,	Zucker	and	Darby	(1996).	

The	third	mode	of	research	and	technology	commercialisation	is	an	externalisation	approach,	
which	includes	several	methods,	such	as	university	research	parks,	regional	clusters,	academic	
spin-offs	and	start-ups,	licensing,	contract	research	and	consultancy,	joint	venture	spin-offs,	
alliances,	collaborations,	and	open	science	and	innovation	(Markman	et	al.,	2008).

In	 conclusion,	 this	 section	 has	 described	 the	 importance	 of	 selecting	 an	 appropriate	 busi-
ness	model,	which	must	be	redesigned	over	time.	Redesigning	is	essential	in	the	ever-chang-
ing	competitive	landscape.	Moreover,	although	business	models	differ,	networks	assist	firms	
in	creating	effective	relationships	with	partners.	This	chapter	has	explored	a	vast	body	of	lit-
erature	and	has	simultaneously	formed	the	theoretical	framework	for	this	study.	The	follow-
ing	chapter	summarises	the	analysis	that	is	presented	in	this	chapter	and	forms	the	hypotheses	
that	will	be	investigated	in	the	empirical	part	of	this	study.

3 Hypotheses
	
The	overall	conclusion	of	the	literature	review	suggests	that	network	relationships	are	benefi-
cial	and	vital	for	firms,	especially	for	entrepreneurial	firms	that	aim	to	grow	and	internation-
alise.	Next,	the	theory	is	summarised	before	the	hypotheses	are	formed.	

A	network	is	defined	as	ties	that	connect	a	set	of	actors	(Hoang	and	Antoncic,	2003).	These	ties	
can	be	weak	or	strong	depending	on	the	type	of	relationship	(Granovetter,	1973,	Uzzi,	1997).	
The	concept	of	strong	ties	is	closely	related	to	the	concept	of	an	embedded	relationship,	which	
comprises	three	key	characteristics:	trust,	information	transfer,	and	joint	problem	solving	(Uz-
zi,	1997).	In	addition,	the	structure	and	content	of	social	relationships	are	also	sources	of	so-
cial	capital,	which	is	manifested	in	the	goodwill	that	is	available	to	parties	involved	in	a	rela-
tionship	 (Adler	and	Kwon,	2002).	Goodwill	 is	 expressed	 in	 three	 forms:	 information,	 influ-
ence,	and	solidarity,	which	are	advantageous	for	network	actors	(Adler	and	Kwon,	2002).	The	
benefits	of	social	capital	and	embedded	relationships	are	closely	related	and	are	valuable	and	
necessary	for	firms.	However,	both	concepts	also	pose	disadvantages	if	they	are	used	or	relied	
on	excessively.	A	firm	must	find	a	balance	between	positive	and	adverse	effects	(Hite,	2005).

Specifically,	trust	between	actors	is	recognised	as	initiating	the	flow	of	information	between	
actors	(Coles	et	al.,	2003,	Larson,	1991),	and	trust	is	regarded	as	a	substitute	for	formal	con-
tracts	and	thus	offers	access	to	otherwise	unavailable	resources	(Uzzi,	1997).	However,	a	trust-
based	relationship	that	is	associated	with	strong	ties	and	embedded	relationships	is	not	always	

Figure 8 The four main objectives of incubators (Markman et al., 2008)
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the	 most	 beneficial	 for	 a	 firm,	 as	 Hoang	 and	 Antoncic	 (2003)	 claim	 that	 managers	 require	
more	strong	ties	compared	with	entrepreneurs,	who	need	and	benefit	from	bridging	ties.	In	
general,	brokering	can	provide	access	to	information	and	resources	that	are	otherwise	unavail-
able	(Kirkels	and	Duysters,	2010).

This	 chapter	 has	 described	 the	 basics	 of	 networks.	 The	 analysis	 now	 shifts	 to	 an	 examina-
tion	of	the	evolution	of	networks.	The	network	is	not	stable	and	evolves	over	time	in	a	man-
ner	that	is	similar	to	how	a	focal	actor	evolves.	Kazanjian	(1989)	describes	the	following	three	
first	stages	of	a	firm:	emergence,	early	growth,	and	later	growth.	Despite	the	weaknesses	of	the	
stage	model	(e.g.,	Levie	and	Lichtenstein	(2010)),	 it	 illustrates	reasonably	well	how	strategic	
changes	occur	when	a	stage	is	changed	or	within	a	stage	(Reese	and	Aldrich,	1995).	The	evo-
lution	of	a	network	may	respond	to	changes	in	the	availability,	accessibility,	and	uncertainty	of	
resources	during	a	stage	change	(Hite	and	Hesterly,	2001).	The	above	information	addresses	
the	importance	of	networks	when	a	firm	is	attempting	to	adapt	to	a	change	of	stage.

This	chapter	has	previously	claimed	that	 information	and	resource	access	are	 the	key	bene-
fits	of	networks.	According	to	Gay	and	Dousset	(2005),	the	flow	of	information	in	innovation	
networks	from	focal	actors	who	own	key	intellectual	property	diffuses	knowledge	to	other	ac-
tors	 in	such	networks.	Furthermore,	firms	with	state-of-the-art	technology	have	greater	po-
tential	to	connect	within	such	a	network.	Ultimately,	even	if	firms	do	not	possess	state-of-the-
art	technology,	network	connections	provide	knowledge	inflow	that	such	firms	can	utilise.

Prior	studies	have	recognised	processes	that	are	common	to	successful	firms.	For	instance,	in	
a	 case	 study,	 successful	 entrepreneurs	 networked	 actively	 in	 their	 respective	 industries	 and	
deepened	relationships	with	several	ties	with	whom	personal	friendships	developed	over	time	
(Jack	et	al.,	2008).	The	networks	were	also	used	in	the	study	for	environmental	learning	and	to	
gather	experiences	from	others;	therefore,	the	relationships	provided	enhanced	access	to	rel-
evant	knowledge	and	resources	that	were	required	for	a	business	to	operate	and	evolve	(Jack	
et	al.,	2008).	In	addition,	Jack	et	al.	(2008)	argue	that	a	social	relationship	must	be	formed	be-
fore	economic	transactions	can	occur.	A	focal	actor	capitalises	network	relationships	efficient-
ly	when	they	are	exploited	to	learn	how	to	further	develop	the	firm	or	to	create	new	business	
opportunities,	 in	 contrast	 with	 efforts	 to	 generate	 direct	 business	 opportunities	 or	 contacts	
(Prashantham	and	Dhanaraj,	2010).	

Furthermore,	the	social	capital	of	an	entrepreneur	depreciates	because	of	three	distinct	proc-
esses:	tie	decay,	tie	obsolescence,	and	tie	utility	life	cycle	(Prashantham	and	Dhanaraj,	2010).	
The	depreciation	of	social	capital	emphasises	the	need	to	create	new	social	capital,	which	can	
be	attained	by	creating	new	ties	and	relationships.	The	aim	of	a	firm	should	be	to	generate	new	
social	capital	or	at	least	to	maintain	the	current	level	of	social	capital.

A	theoretical	application	is	given	to	further	explain	how	a	network	evolves.	During	the	ear-
ly	stages	of	the	life	cycle,	the	network	of	an	international	new	venture	grows	in	range	but	de-
creases	in	density.	This	process	reflects	the	creation	of	new	connections	that	are	weaker	than	
the	 original	 connections.	 If	 the	 density	 decreases	 excessively,	 then	 a	 network	 may	 become	
excessively	 sparse	 and	 thus	 difficult	 to	 manage.	 Therefore,	 a	 venture	 must	 balance	 the	 size	
and	density	of	 a	network	 in	 the	early	 stages	of	Kazanjian’s	model	 (1989).	However,	 a	 larger	
number	of	connections	may	provide	better	information,	resource	access	and	potential	for	con-
trol	(Coviello,	2006).
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This	chapter	has	addressed	network	theory.	The	chapter	now	proceeds	to	discuss	the	commer-
cialisation	of	inventions.	Specifically,	in	the	commercialisation	of	an	invention,	the	creation	of	
a	plausible	and	functional	business	model	is	essential	for	a	new	firm	(Teece,	2010).	However,	
such	models	must	be	continuously	developed	and	sometimes	even	redesigned.	Furthermore,	
access	to	information	is	extremely	significant	during	the	development	and	redesign	process-
es	(Teece,	2010).	

Teece	(2010)	captures	the	need	for	information	in	the	following	statement:	‘In	short,	one	needs	
to	 distil	 fundamental	 truths	 about	 customer	 desires,	 customer	 assessments,	 the	 nature	 and	
likely	 future	behaviour	of	 costs,	 and	 the	 capabilities	of	 competitors	when	designing	a	 com-
mercially	viable	business	model.’	The	need	for	information	that	can	be	provided	by	a	network	
connects	commercialisation	theory	with	the	network	theory	that	was	presented	earlier	in	this	
chapter.

In	conclusion,	this	chapter	has	addressed	the	importance	and	benefits	of	networks	(see,	e.g.,	
Jack	et	al.	(2008),	Gay	and	Dousset	(2005),	Coviello	(2006),	and	Prashantham	and	Dhanaraj	
(2010)).	Furthermore,	based	on	the	above	discussion,	the	following	question	emerges:	’Does	
network	activity	have	a	positive	effect	on	firm	performance?’	The	expected	positive	connec-
tion	between	network	activity	and	firm	performance	can	be	defined	as	follows.

Hypothesis	1:	
Network activity has a positive connection with the performance of a firm.
The	second	aspect	of	networks	 that	Coviello	 (2006)	and	Prashantham	and	Dhanaraj	 (2010)	
specifically	emphasise	is	the	importance	of	networking	when	a	firm	internationalises	its	ac-
tivities.	Moreover,	Wright	et	al.	(2007)	imply	that	entrepreneurs	must	establish	network	con-
nections	to	secure	access	to	appropriate	resources,	knowledge,	and	learning	to	form	‘a	posi-
tive	platform	for	internationalisation’.	In	addition,	Andersson	and	Wictor	(2003)	suggest	that	
entrepreneurial	networks	are	essential	assets	for	ventures	that	are	attempting	to	internation-
alise	 their	 operations.	 Furthermore,	 Ojala	 (2009)	 proposes	 that	 knowledge-intensive	 SMEs	
form	new	network	relationships	or	utilise	existing	relationships	when	extending	their	market	
presence	to	new	distant	markets.	In	conclusion,	the	above	discussion	suggests	a	positive	con-
nection	between	activity	in	entrepreneurial	networks	and	internationalisation.	Hence,	the	ex-
pected	positive	connection	between	network	activity	and	a	firm’s	internationalisation	can	be	
stated	as	follows.

Hypothesis	2:	
Network activity has a positive connection with the internationalisation of a firm.
However,	in	these	hypotheses,	the	concept	of	network	activity	does	not	describe	how	network	
activity	changes.	To	address	this	issue,	this	section	further	discusses	network	activity.	In	her	
study,	Coviello	(2006)	argues	that	embedded	ties	that	are	formed	in	the	early	stages	of	the	life	
cycle	have	an	important	role	when	a	focal	actor	is	internationalising	its	operations	even	if	the	
process	occurs	during	later	stages.	Moreover,	Prashantham	and	Dhanaraj	(2010)	argue	that	the	
depreciation	of	social	capital	is	a	natural	part	of	evolution	and	that	entrepreneurs	must	create	
new	substituting	relationships.	However,	Jack	et	al.	(2008)	found	that	entrepreneurs	who	were	
active	with	 their	 existing	 strong	 ties	 also	actively	 created	new	weak	 ties,	 and	 some	of	 these	
weak	ties	were	nurtured	to	become	active	strong	ties.	
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The	 above	 discussion	 highlights	 the	 question	 of	 whether	 the	 concept	 of	 network	 activity	
should	be	divided	into	two	separate	factors:	1)	consistently	high	network	activity	and	2)	in-
creasingly	high	network	activity.	Consistently	high	network	activity	describes	long-term	em-
bedded	relationships,	and	increasingly	high	network	activity	describes	the	importance	of	the	
creation	of	new	relationships	and	ties.	The	first	factor	describes	a	situation	in	which	network	
activity	 does	 not	 substantially	 evolve.	 By	 contrast,	 the	 second	 factor	 describes	 a	 process	 in	
which	the	network	size	increases	as	the	needs	of	the	focal	actor	evolve,	and	the	increase	coun-
teracts	decreases	in	social	capital.

After	network	activity	is	divided	into	two	separate	factors,	the	former	hypotheses	can	be	re-
vised	as	follows:

Hypothesis	1a:	
Consistently high activity with network actors has a positive connection with the growth 
rate of a firm.

Hypothesis	1b:	
Increasingly high activity with network actors has a positive connection with the growth 
rate of a firm. 

Hypothesis	2a:	
Consistently high activity with network actors has a positive connection with the interna-
tionalisation of a firm.

Hypothesis	2b:	
Increasingly high activity with network actors has a positive connection with the interna-
tionalisation of a firm.

The	hypotheses	that	are	addressed	above	and	the	researched	connections	are	portrayed	in	Fig-
ure	9.

Figure 9 The hypotheses and proposed connections
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4 Data
	
This	chapter	first	discusses	how	the	data	were	collected	and	how	the	survey	was	conducted.	
The	final	part	of	this	chapter	describes	and	explains	how	the	measures	that	are	utilised	later	
in	this	study	were	created.

4.1 Sample
	
The	firms	in	the	sample	were	selected	according	to	four	criteria.	The	first	criterion	was	that	
the	firms	were	Finnish	or	Finnish	subsidiaries	of	foreign	firms.	The	second	criterion	was	that	
the	firms	operate	in	the	energy,	environmental,	or	nanotechnology	sectors.	Energy	technolo-
gies	were	further	narrowed	to	consist	of	only	renewable	energy	technologies.	The	third	crite-
rion	was	that	the	firms	had	a	maximum	of	250	employees	in	2007.	The	fourth	and	final	crite-
rion	was	that	the	business	model	of	the	firms	must	consist	of	activities	beyond	manufacturing	
activities;	in	particular,	R&D	activities	must	be	emphasised.	

The	 first	 and	 second	 criteria	 were	 created	 based	 on	 the	 scope	 of	 the	 study,	 and	 the	 criteria	
strictly	narrowed	the	potential	number	of	 firms	that	could	be	 interviewed.	The	first	criteri-
on	also	included	firms	that	were	owned	by	a	foreign	parent	because	many	originally	Finnish-
owned	technology	firms	have	recently	been	sold	to	foreign	firms.	However,	only	subsidiaries	
that	were	observed	to	operate	independently	were	included	in	this	study.	The	third	criterion	
was	established	to	delimit	larger	firms	from	the	study.	Thus,	the	aim	of	the	third	criterion	was	
to	guarantee	that	the	studied	firms	were	comparable,	as	larger	firms	might	operate	in	technol-
ogy	sectors	other	than	those	defined	in	the	second	criterion,	which	could	bias	the	results.	The	
fourth	criterion	was	aimed	to	exclude	 less	 technologically	 intensive	firms	from	the	study.	A	
review	of	the	technological	intensity	of	the	firms	was	performed	based	on	material	from	the	
firm	websites,	other	public	data	sources,	and	newspapers	(e.g.,	Kauppalehti).	The	scope	of	the	
study	justifies	these	exclusions.	A	total	of	123	firms	were	recognised	as	fulfilling	the	criteria	
described	above.

As	 discussed	 in	 the	 previous	 section,	 the	 sample	 firms	 were	 identified	 from	 various	 sourc-
es.	 The	 most	 important	 sources	 were	 previous	 public	 projects	 in	 which	 the	 potential	 firms	
had	participated.	These	programmes	had	primarily	provided	financing	for	R&D	activities	and	
were	 thus	 a	 key	 source	 for	 finding	 technologically	 intensive	 firms.	 Examples	 of	 these	 pro-
grammes	are	Helsinki	NANO,	FinNano	and	Groove.	In	addition,	Finnish	competence	clusters,	
such	as	the	Nanobusiness	and	Cleantech	clusters,	which	are	parts	of	the	Finnish	Centre	of	Ex-
pertise	Programme,	were	used	as	sources	for	sample	firms.	Financial	data	were	obtained	from	
a	database	that	was	compiled	by	Suomen	Asiakastieto	Oy.	However,	the	data	set	did	not	con-
tain	all	of	the	required	information;	therefore,	additional	data	were	obtained	from	the	Finn-
ish	trade	registry.	Additional	data	were	requested	from	the	interviewees	in	situations	in	which	
these	data	were	otherwise	inaccessible.	These	data	included	the	newest	employment	and	rev-
enue	numbers,	which	had	not	been	updated	in	the	aforementioned	database.
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4.2 Survey
	
The	survey	was	designed	based	on	the	topics	of	the	literature	review	and	previous	studies	con-
ducted	by	the	Research	Institute	of	the	Finnish	Economy	(ETLA).	The	latter	studies	provide	
an	opportunity	to	compare	the	results	of	this	survey	to	previous	surveys	if	needed.	The	survey	
is	presented	in	Appendix	A.

The	survey	was	conducted	in	July	and	August	2011	using	telephone	interviews	with	an	average	
duration	of	approximately	35	minutes.	Of	the	123	recognised	firms,	53	managers	each	repre-
senting	their	respective	firms	were	interviewed.	In	total,	53	firms	were	included	in	the	study;	
consequently,	the	response	rate	of	43%	is	high.

Table	 1	 compares	 the	 interviewed	 and	 non-interviewed	 firms	 according	 to	 their	 respective	
founding	year,	number	of	employees,	and	revenue.	Based	on	t-tests	 that	determine	whether	
the	means	of	the	two	groups	are	equal	when	the	variance	is	assumed	to	be	unequal,	no	sta-
tistically	significant	difference	can	be	observed	between	the	groups.	Therefore,	no	significant	
sample	 bias	 can	 be	 observed	 in	 the	 sample,	 and	 the	 sample	 is	 representative.	 The	 data	 that	
were	used	for	this	comparison	are	from	2009,	as	the	2010	data	for	the	firms	that	were	not	in-
terviewed	were	insufficient.	However,	one	interviewed	firm	was	not	included	in	the	regression	
analysis	because	the	financial	data	for	2010	were	unavailable.

The	average	founding	year	of	the	interviewed	firms	was	approximately	1998;	thus,	on	average,	
the	firms	were	13	years	old.	According	to	the	survey	data,	the	firms	had	sold	their	first	product	

Founding year
Obs 53 70
Mean 1997.8 1997.3
Med 1999 2000
SD 8.22 7.85

t-test (Difference ! = 0) p 0.750
  
Employees
Obs 53 66
Mean 30.8 28.2
Med 10 13.5
SD 53.53 43.12

t-test (Difference ! = 0) p  0.772
  
Revenue (€)
Obs 53 65
Mean (1000) 5 030 14 900
Med (1000) 582 1 477
SD (1000) 10 150 78 200

t-test (Difference ! = 0) p 0.318

Table 1 Comparison of interviewed and non-interviewed firms

	 Interviewed	 Not	interviewed
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or	service	to	a	customer	one	year	after	the	founding	of	the	firms.	In	addition,	early	activity	ex-
cludes	the	possibility	that	a	firm	was	created	with	the	intention	of	postponing	use,	and	in	many	
cases,	the	innovation	or	invention	on	which	the	products	or	services	are	based	were	most	like-
ly	invented	before	the	incorporation	of	the	firm.	However,	36%	of	the	interviewed	firms	were	
spinoffs	or	were	based	on	another	firm,	but	some	interviewees	representing	spinoffs	from	uni-
versity	research	teams	may	have	indicated	that	they	did	not	belong	to	the	above	group.

There	are	large	differences	between	the	mean	and	median	number	of	employees.	The	explana-
tion	is	that	most	of	the	firms	are	small,	but	a	few	larger	firms	increase	the	mean	value	to	a	rela-
tively	high	level.	The	high	standard	deviation	(53.5)	supports	this	conclusion.	The	deviation	in	
revenue	is	high	among	the	interviewed	firms,	as	the	mean	is	higher	than	the	median	by	a	fac-
tor	of	nearly	10,	and	the	standard	deviation	is	higher	than	the	median	by	a	factor	of	nearly	20.	
In	conclusion,	the	median	values	more	accurately	represent	the	interviewed	firms,	which	are	
generally	young	and	small.	These	observations	endorse	the	objectives	of	the	sample	selection.

Table	2	describes	the	main	sources	of	income	for	the	interviewed	firms.	For	88%	of	the	inter-
viewed	firms,	the	main	source	of	income	is	enterprises.	Therefore,	the	interviewed	firms	pri-
marily	engage	in	transactions	between	businesses	(B2B).	In	addition,	6%	of	firms	specify	the	
public	sector	as	their	main	source	of	income,	and	only	one	firm	primarily	sells	its	products	to	
consumers.	Two	firms	(6%	of	the	firms)	obtain	income	from	other	sources.	However,	these	in-
terviewees	noted	that	investors	were	financing	their	operations	at	that	time	and	that	enterpris-
es	were	their	main	intended	future	customer	group.	Services	are	responsible	for	an	average	of	
19%	of	revenues.	In	conclusion,	the	interviewed	firms	are	quite	homogenous	in	their	source	of	
income,	and	the	sale	of	physical	products	is	the	primary	method	of	generating	income.	

Table	3	describes	how	the	interviewed	firms	viewed	their	placement	in	the	supply	chain.	The	
distribution	is	even;	the	only	slightly	larger	group	is	that	of	main	contractors,	who	are	repre-
sented	by	38%	of	the	interviewees.	A	main	contractor	is	defined	as	responsible	for	designing	
and	selling	the	end	product.	System	providers,	which	are	represented	by	38%	of	the	interview-
ees,	are	defined	as	being	responsible	for	providing	larger	entities	than	subcontractors	to	the	
main	contractors.	Finally,	28%	of	interviewees	defined	themselves	as	subcontractors.

Enterprises 88%
Consumers 2%
Public sector 6%
Other 4%

Table 2 Main sources of income

	 Main	source	of	income

Subcontractor 28%
System provider  34%
Main contractor  38%

Table 3 Main position in the supply chain

	 Main	position	in	supply	chain
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Table	4	describes	the	geographical	scope	of	the	operations	of	the	interviewees.	According	to	
the	results,	68%	of	the	interviewed	firms	are	Finnish	exporters	operating	in	Finland.	The	sec-
ond	largest	group	consist	of	firms	that	operate	only	in	Finland	and	that	constitute	17%	of	the	
interviewed	firms.	The	third	group	is	multinational	firms,	which	represent	15%	of	the	inter-
viewed	firms,	and	most	of	these	firms	have	a	foreign	parent.	In	total,	34%	of	the	interviewed	
firms	are	subsidiaries,	and	50%	of	the	subsidiaries	have	a	foreign	parent.	Exports	are	responsi-
ble	for	an	average	of	60%	of	the	revenue	of	a	firm	that	exports	products	or	services,	and	serv-
ices	account	for	an	average	of	13%	of	the	total	exports	in	terms	of	revenue.

Table	5	presents	the	distribution	of	technologies	that	the	interviewed	firms	use	or	technologies	
in	which	the	firms’	products	are	applied.	This	distribution	is	based	on	the	opinions	of	the	in-
terviewees,	and	a	firm	can	simultaneously	use	multiple	technologies.	For	example,	29%	of	the	
firms	 that	 use	 nanotechnology	 are	 developing	 renewable	 energy	 technologies.	 In	 summary,	
the	largest	technology	group	is	renewable	energy	technologies;	this	group	includes	47%	of	the	
interviewees.	The	second	largest	group	is	environmental	technologies	(36%),	the	third	largest	
group	is	nanotechnology	(26%),	and	the	fourth	largest	group	is	biotechnology	(8%).	However,	
the	only	responses	that	are	included	here	are	those	that	indicated	the	‘extensive	use’	of	tech-
nology	in	a	four-grade	scale	from	one	(1)	to	four	(4)	in	which	only	the	end	values	one	(1)	and	
four	(4)	were	defined	as	1=‘none’	to	4=‘extensive	use’.

Only in Finland 17%
Exporter 68%
Multinational 15%

Table 4 Geographical scope of operations

	 Firm	operates

Table	6	indicates	the	number	of	the	interviewed	firms	plan	to	increase	their	revenue	or	em-
ployment	by	more	than	50%	during	the	next	two	years.	The	above	definition	is	adapted	from	
the	OECD’s	definition	of	high-growth	firms	(OECD-Eurostat,	2007).	More	than	three-fourths	
of	the	interviewed	firms	aim	to	grow	more	than	50%	during	the	next	two	years.	In	sum,	most	
of	 the	 firms	are	growth	driven.	However,	as	Nikulainen	et	al.	 (2012,	 forthcoming)	observed	
when	studying	the	Finnish	biotechnology	business,	expected	and	realised	revenues	often	dif-
fer.	The	authors	reveal	 that	only	1	of	21	firms	was	able	to	grow	more	rapidly	than	expected	
from	2004	to	2008.	In	conclusion,	the	interviewed	firms	have	high	growth	expectations,	but	
their	actual	growth	is	not	connected	with	their	expectations.

Biotechnology 8%
Nanotechnology 26%
Environmental technologies 36%
Renewable energy technologies 47%

Table 5 Technology distribution

	 Which	technologies	the	firm	uses	or	applies	(interviewee’s	opinion)
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This	chapter	has	described	the	sample	and	now	proceeds	to	discuss	the	formation	of	the	activ-
ity	measures	that	are	used	in	the	empirical	analysis.

4.3 Activity measures
	
A	 set	of	questions	was	posed	 to	 the	 interviewed	 firms	 to	measure	how	co-operational	 rela-
tionships	have	developed	between	them	and	the	actors	with	whom	they	have	been	connect-
ed	during	the	last	three	years.	The	set	of	questions	consisted	of	seven	actor	groups	and	three	
themes,	which	were	research	and	development,	manufacturing,	and	marketing	and	distribu-
tion.	The	interviewees	were	asked	to	evaluate	the	strength	of	their	relationship	with	every	ac-
tor	and	theme	on	a	scale	of	one	(1)	to	four	(4)	in	which	one	was	‘not	at	all	important’	and	four	
‘very	important’.	In	addition,	the	actors	were	divided	into	domestic	and	foreign	actors,	and	the	
questions	were	asked	with	respect	to	the	following	time	scale:	the	time	of	the	interview	and	ap-
proximately	three	years	ago.	In	total,	84	variables	were	created.	The	actor	groups	and	themes	
are	presented	in	Table	7.	The	interviewees	were	also	asked	to	evaluate	how	many	important	ac-
tors	are	in	every	group.	This	question	was	asked	as	an	entity	and	was	not	divided	into	themes	
as	in	the	activity	measurement.

Yes 77% 
No 23%

Table 6 Firms that aim to grow by more than 50% during the next two years

	 Aim	to	grow

Actor
Large customers •	 •	 •	 •	 •	 •
(over 50 people)

Small customers •	 •	 •	 •	 •	 •
Competitors •	 •	 •	 •	 •	 •
Distributors •	 •	 •	 •	 •	 •
Suppliers •	 •	 •	 •	 •	 •
Universities •	 •	 •	 •	 •	 •
Research institutes •	 •	 •	 •	 •	 •

Table 7 List of actors and themes 

Theme	 R&D	 Manufacturing	 Marketing	&	Distribution
	 in	Finland	 Abroad	 in	Finland	 Abroad	 in	Finland	 Abroad

Table	8	presents	the	proportion	of	interviewees	who	valued	their	R&D	relationship	with	a	cer-
tain	actor	group	as	 ‘very	 important’	 (4),	and	the	share	of	 interviewees	who	have	an	 ‘impor-
tant’	(3)	or	‘very	important’	(4)	relationship	is	shown	on	the	right	side.	Notably,	large	foreign	
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customers	constitute	the	most	important	R&D	actor	group,	and	large	Finnish	customers	(em-
ploying	more	than	50	people)	and	suppliers	constitute	the	second	most	important	actor	group.	
Compared	with	large	customers,	universities	and	research	institutes	have	a	minor	role,	given	
that	 the	 firms	are	primarily	 technologically	 intensive.	Furthermore,	85%	of	 the	 interviewed	
firms	have	launched	new	or	significantly	improved	products,	and	49%	have	launched	new	or	
significantly	improved	services	during	the	last	three	years.	For	the	additional	answers	at	level	
three,	the	most	important	observation	is	that	47%	of	the	interviewees	rank	the	importance	of	
relationships	with	universities	as	level	three	or	four.	However,	the	distribution	is	significantly	
lower	for	relationships	with	foreign	universities	and	research	universities	at	both	levels.	

Large customers 
(employs over 50 people) 17.0% 20.8% 47.2% 49.1%

Small customers 11.3% 0.0% 28.3% 15.1%

Competitors 0.0% 0.0% 1.9% 1.9%

Distributors 1.9% 5.7% 13.2% 13.2%

Suppliers 17.0% 9.4% 37.7% 43.4%

Universities 7.5% 3.8% 47.2% 20.8%

Research institutes 11.3% 3.8% 30.2% 13.2%

Table 8 Distribution of the importance of R&D relationships

Importance	level	 4	 3–4
	 in	Finland	 Abroad	 in	Finland	 Abroad

Large customers 
(employs over 50 people) 1.9% 1.9% 26.4% 13.2%

Small customers 7.5% 0.0% 18.9% 9.4%

Competitors 0.0% 0.0% 1.9% 0.0%

Distributors 1.9% 5.7% 3.8% 7.5%

Suppliers 17.0% 11.3% 45.3% 37.7%

Universities 1.9% 0.0% 5.7% 0.0%

Research institutes 1.9% 0.0% 7.5% 0.0%

Table 9 Distribution of the importance of manufacturing relationships

Importance	level	 4	 3–4
	 in	Finland	 Abroad	 in	Finland	 Abroad

Table	9	presents	the	proportion	of	interviewed	firms	that	valued	their	manufacturing	relation-
ship	with	a	certain	actor	group	as	‘very	important’	(4)	and	‘important’	(3)	or	‘very	important’	
(4).	Suppliers	are	the	only	group	with	several	relationships	at	level	4	(‘very	important’).	The	
interviewed	firms	have	relationships	with	suppliers	especially	and	to	some	extent	with	large	
and	small	customers	at	 levels	3	and	4.	These	relationships	include	both	Finnish	and	foreign	
entities.
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Table	10	presents	the	proportion	of	interviewees	who	valued	their	marketing	and	distribution	
relationship	with	a	certain	actor	group	as	‘very	important’	(4)	and	‘important’	(3)	or	‘very	im-
portant’	(4).	Furthermore,	the	foreign	distributor	group	is	the	only	group	that	includes	more	
than	10%	of	the	interviewees	with	a	‘very	important’	relationship.	A	comparison	of	the	differ-
ences	between	the	Finnish	and	foreign	groups	to	which	the	interviewees	assigned	importance	
levels	of	3	or	4	shows	that	the	interviewed	firms	have	more	relationships	with	foreign	distribu-
tors	and	foreign	large	customers	than	with	Finnish	firms;	however,	with	respect	to	small	cus-
tomers,	Finnish	contacts	prevail.	The	explanation	may	be	that	 the	 interviewed	firms	do	not	
use	distributors	in	Finland	to	the	same	extent	as	in	export	markets	and	that	the	international	
focus	of	firms	tends	to	be	devoted	to	large	customers	who	are	likely	to	order	larger	quantities	
compared	with	small	customers.	

Large customers 
(employs over 50 people) 3.8% 3.8% 9.4% 18.9%

Small customers 3.8% 0.0% 15.1% 3.8%

Competitors 1.9% 0.0% 1.9% 0.0%

Distributors 9.4% 11.3% 18.9% 30.2%

Suppliers 3.8% 0.0% 9.4% 1.9%

Universities 1.9% 0.0% 1.9% 1.9%

Research Institutes 0.0% 0.0% 1.9% 1.9%

Table 10 Distribution of the importance of marketing & distribution relationships

Importance	level	 4	 3–4
	 in	Finland	 Abroad	 in	Finland	 Abroad

Table	 11	 describes	 the	 number	 of	 actor	 groups	 with	 which	 the	 interviewees	 had	 important	
relationships.	The	reported	count	 is	 the	median	 to	reduce	 the	distortion	effect	on	 the	aver-
age	count	that	is	caused	by	several	large	counts.	The	median	number	of	large	customers	with	
which	the	interviewed	firms	have	co-operational	relationships	is	three	for	both	Finnish	and	
large	foreign	customers.	The	median	count	for	small	Finnish	customers	and	small	foreign	cus-
tomers	is	two.	This	result	is	encouraging	because	relationships	with	customers	are	beneficial	
for	many	reasons,	including	for	the	purposes	of	information	exchange	and	knowledge	acqui-
sition	(Yli-Renko	et	al.,	2001).	Furthermore,	the	number	of	co-operational	relationships	with	
customers	 should	be	optimised	 to	 include	as	many	 relationships	as	possible	while	 ensuring	
that	 these	 relationships	 remain	 manageable	 (Yli-Renko	 and	 Janakiraman,	 2008).	 However,	
23%	of	the	interviewees	reported	that	one	customer	is	responsible	for	more	than	one-third	of	
their	total	sales;	thus,	these	firms	may	be	excessively	dependent	on	one	customer.	

Generally,	 cooperation	 with	 competitors	 is	 nearly	 non-existent.	 Furthermore,	 cooperation	
with	 Finnish	 distributors	 is	 insignificant,	 but	 cooperation	 with	 foreign	 distributors	 is	 com-
mon.	 Indeed,	 this	 result	 appears	 to	 confirm	 that	 the	 interviewed	 firms	 typically	 distribute	
their	products	or	services	without	external	actors	in	Finland	and	exploit	foreign	distributors	
in	other	markets.	Thus,	the	interviewed	firms	can	utilise	the	local	knowledge	that	the	foreign	
distributors	 may	 have	 elsewhere.	 One	 concern	 is	 that	 the	 median	 number	 of	 co-operation-
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al	 relationships	 with	 foreign	 universities	 or	 foreign	 research	 institutes	 is	 zero.	 For	 example,	
many	studies	have	 identified	 these	science	partners	as	 important	sources	of	radical	 innova-
tions	and	information	brokering,	including	the	works	of	Pittaway	et	al.	(2004)	and	Ferrary	and	
Granovetter	(2009).	Finally,	both	Finnish	and	foreign	suppliers	are	well	connected,	as	the	me-
dian	numbers	are	three	and	two,	respectively.

New	variables	were	created	 to	better	understand	how	the	relationships	have	evolved	during	
the	last	three	years.	The	new	variables	were	created	for	the	specific	purpose	of	testing	the	hy-
potheses.	Table	12	describes	how	the	allocation	was	performed.	For	instance,	if	an	R&D	rela-
tionship	with	large	Finnish	customers	was	‘very	important’	three	years	ago	and	remains	‘very	
important’,	then	the	value	one	was	assigned	to	the	new	change	variable.	Additionally,	if	a	re-
lationship	with	large	Finnish	customers	was	less	than	‘very	important’	three	years	ago	and	is	
now	‘very	important’,	then	the	value	two	was	assigned	to	the	change	variable.	The	value	three	
was	assigned	if	a	‘very	important’	relationship	subsequently	lost	its	importance.	If	a	relation-
ship	has	remained	at	a	level	that	was	lower	than	the	‘very	important’	level	during	the	last	three	
years,	then	the	value	four	‘4’	was	assigned	to	the	change	variable.	The	process	described	above	
was	performed	for	each	of	the	seven	actors	in	each	of	the	three	themes	(R&D,	manufacturing,	
and	marketing	and	distribution).

Large customers 
(employs over 50 people) 3 3

Small customers 2 1

Competitors 0 0

Distributors 0 3

Suppliers 3 2

Universities 2 0

Research institutes 1 0

Table 11 The median number of important co-operational relationships

Count	(median)	 in	Finland	 Abroad

Group
G1 4  4

G2 1–3  4

G3 4  1–3

G4 1–3  1–3

Table 12 The recognised activity levels and the changes in importance in each 
 activity level

	 3	years	ago	 Now

When	the	above	process	was	completed,	the	number	of	occurrences	of	each	change	group	was	
counted,	and	every	actor	in	each	of	the	three	themes	was	included.	Based	on	the	results,	the	
firms	can	be	categorised	 into	three	different	groups.	The	first	group	includes	 the	 firms	that	
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are	relatively	active	compared	with	other	firms.	In	other	words,	these	firms	have	more	changes	
belonging	to	group	one	(G1)	compared	with	other	interviewed	firms.	The	second	group	con-
sists	of	the	firms	that	have	increased	the	number	of	very	important	co-operational	relation-
ships	during	the	last	three	years;	that	is,	these	firms	have	more	changes	belonging	to	group	two	
(G2)	compared	with	other	firms.	Henceforth,	the	former	firms	are	termed	‘active’,	and	the	lat-
ter	firms	are	termed	‘increasingly	active’.	These	concepts	are	presented	in	Figure	10.

Figure 10 The concepts of active and increasingly active firms

The	largest	group	of	firms	consists	of	passive	firms	that	are	neither	active	nor	increasingly	ac-
tive.	Finally,	only	three	of	the	fifty-three	interviewed	firms	reported	more	than	one	change	in	
the	importance	of	a	co-operational	relationship	from	the	very	important	level	to	a	lower	level	
during	the	last	three	years.	

5 Methodology
	
This	chapter	describes	how	firm	performance	is	measured;	explains	the	dependent	variables,	
the	independent	variables,	and	the	control	variables;	and	discusses	the	model	that	is	used	to	
test	the	hypotheses.

5.1 Measuring performance
	
There	are	numerous	possible	methods	of	measuring	firm	performance.	For	instance,	in	their	
literature	review,	Achtenhagen	et	al.	(2010)	argue	that	empirical	growth	studies	use	different	
measurements	of	growth.	Furthermore,	the	authors	report	that	sales	growth	and	employment	
growth	 are	 the	 two	 most	 commonly	 used	 growth	 measures.	 According	 to	 their	 study,	 oth-
er	common	growth	measures	include	growth	intentions,	profitability,	growth	strategies,	and	
combinations	of	these	measures.	
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Furthermore,	in	the	literature	review	of	Gilbert	et	al.	(2006),	the	authors	report	there	is	no	sin-
gle	prime	measurement	for	new	venture	growth	and	that	sales,	employment,	and	market	share	
are	the	three	most	commonly	employed	indicators.	In	addition,	Gilbert	et	al.	(2006)	argue	that	
measuring	growth	in	employment	is	appropriate,	for	instance,	when	a	firm	has	not	launched	
its	products	or	services.	The	authors	also	state	that	growth	in	employment	can	demonstrate	an	
expansion	in	a	firm’s	scope	of	operations	or	an	immediate	increase	in	business.	Furthermore,	
one	way	to	consider	the	recruiting	of	a	new	employee	is	to	view	this	action	as	an	investment	
that	is	made	when	the	net	present	value	of	the	recruitment	is	positive.	Therefore,	recruitment	
can	be	viewed	as	being	connected	with	the	growth	prospects	of	a	firm.

Recently,	policy	makers	have	attempted	to	restore	economic	growth	after	the	recent	economic	
crises	and	have	recognised	growth	firms	as	one	of	the	most	promising	sources	of	growth	be-
cause	these	firms	have	been	identified	as	high	net	job	creators	(OECD,	2010).	Furthermore,	
the	OECD-Eurostat	(2007)	defines	high-growth	enterprises	as	follows:	

‘All enterprises with average annualised growth greater than 20% per annum, over a three 
year period should be considered as high-growth enterprises. Growth can be measured by 
the number of employees or by turnover.’

Based	on	the	OECD-Eurostat	(2007),	 the	works	of	Gilbert	et	al.	 (2006)	and	Achtenhagen	et	
al.	 (2010),	 and	 the	 scope	 of	 the	 current	 research,	 sales	 growth	 and	 employment	 growth	 are	
the	two	most	deliberate	growth	measures	for	this	study.	Consequently,	these	two	performance	
measures	are	used	to	test	hypotheses	1a	and	1b.	

The	following	section	first	describes	the	two	dependent	variables	that	are	defined	above,	rev-
enue	growth	and	employment	growth,	which	are	used	to	test	hypotheses	1a	and	1b.	Second,	
the	section	describes	the	third	dependent	variable,	which	is	the	share	of	exports,	to	be	used	to	
test	hypotheses	2a	and	2b.	

5.2 Dependent variables
 
Revenue growth

Hypotheses	1a	and	1b	explore	the	possible	connection	between	the	growth	rate	of	firms	and	
their	network	activity.	The	first	dependent	variable	measures	firm	growth	in	terms	of	revenue	
growth.	The	data	for	this	variable	were	primarily	collected	from	the	Finnish	Trade	Register,	
and	the	interviewees	provided	the	missing	data	during	and	after	the	survey.	The	formula	that	
was	used	to	calculate	the	growth	rates	is	presented	below,	and	the	growth	rates	are	formulated	
as	geometric	means	(OECD-Eurostat,	2007).

		 	 	 	 	 (1)

Figure	11	shows	that	the	distribution	of	growth	rates	is	skewed	and	that	the	rates	are	thus	not	
normally	distributed.	The	data	for	the	variable	were	transformed	using	the	logarithmic	trans-
formation	that	was	presented	in	Formula	2	to	attain	the	normality	that	was	required	for	the	re-
gression	analysis	(Greene,	2003).	Furthermore,	this	transformation	was	required	because	the	
normality	and	homoscedasticity	of	variables	are	generally	connected	(Greene,	2003).	The	dis-
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tribution	of	the	transformed	growth	of	revenue	is	presented	in	Figure	12,	which	shows	a	nor-
mal	distribution.	Therefore,	the	transformed	growth	of	revenue	is	used	as	the	dependent	var-
iable.
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Figure 13. The growth of employment 
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Exports

The	third	dependent	variable	is	exports,	which	is	the	share	of	exports	of	the	revenue.	The	ex-
port	variable	is	used	as	a	proxy	to	measure	the	extent	of	a	firm’s	internationalisation.	This	de-
pendent	variable	was	created	to	explore	the	possible	connection	between	internationalisation	
and	network	activity	that	is	proposed	in	hypotheses	2a	and	2b.	The	variable	takes	values	be-
tween	0	and	1	and	was	requested	of	the	interviewees	during	the	interview.	A	value	of	1	indi-
cates	that	a	firm	exports	all	of	its	production	abroad.	The	distribution	of	exports	is	shown	in	
Figure	14.	Specifically,	Coviello	(2006)	and	Prashantham	and	Dhanaraj	(2010)	argue	that	net-
works	are	vital	when	internationalising	a	 firm	and	that	network	relationships	should	evolve	
during	and	after	the	internationalisation	process.	Consequently,	the	use	of	the	share	of	exports	
as	the	dependent	variable	extends	the	analysis	that	is	presented	in	the	study.

Figure 13 The growth of employment
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5.3 Independent variables
	
This	section	describes	the	independent	variables	that	are	used	to	test	the	hypotheses.	The	first	
two	 independent	variables	 investigate	 the	connections	 that	are	proposed	by	 the	hypotheses.	
Finally,	 this	 section	describes	 the	more	 specific	 independent	variables	 that	analyse	whether	
there	are	differences	between	the	various	types	of	relationships.

Figure 14 The share of exports
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Active

The	first	independent	variable,	‘active’,	is	derived	from	the	activity	measures	that	are	described	
in	section	3.3	and	takes	a	binary	value	of	0	when	a	firm	is	not	recognised	as	belonging	to	a	
group	of	active	firms	and	a	value	of	1	when	a	firm	is	recognised	as	belonging	to	such	a	group.	
A	firm	is	recognised	as	belonging	to	this	group	if	the	firm	has	active	relationships	with	three	
or	more	network	actors,	as	described	in	section	3.3.

Increasingly active

The	second	independent	variable,	 ‘increasingly	active’,	 is	derived	from	the	activity	measures	
that	are	described	in	section	4.3	and	takes	a	binary	value	of	0	when	a	firm	is	not	recognised	as	
belonging	to	the	group	of	increasingly	active	firms	and	a	value	of	1	when	a	firm	is	recognised	
as	belonging	to	 this	group.	A	firm	is	recognised	as	belonging	to	 the	group	 if	 it	has	 increas-
ingly	active	relationships	with	three	or	more	network	actors,	as	described	in	section	4.3.	The	
following	independent	variables	are	created	to	further	study	the	possible	connection	between	
network	activity	and	the	dependent	variables.	Table	13	shows	the	tabulation	of	the	‘active’	and	
‘increasingly	active’	dependent	variables.	The	tabulation	states	that	only	one	firm	is	both	‘ac-
tive’	and	‘increasingly	active’.

Specific independent variables

The	following	six	independent	variables	are	specifically	formed	to	determine	whether	a	cer-
tain	relationship	type	has	a	more	evident	connection	with	the	dependent	variables	than	oth-
er	types.

R&D	active
This	variable	is	constructed	similarly	to	the	‘active’	independent	variable.	However,	only	R&D	
relationships	are	considered	for	this	variable,	and	both	manufacturing	relationships	and	mar-
keting	 and	 distribution	 relationships	 are	 excluded	 compared	 with	 the	 variable	 ‘active’.	 The	
‘R&D	active’	variable	takes	a	binary	value	of	1	when	a	firm	has	four	or	more	active	R&D	rela-
tionships	with	actors	in	the	network	and	0	otherwise.	However,	for	this	and	the	following	five	
variables,	the	limit	to	be	included	in	the	group	is	lowered;	therefore,	the	‘important’	(3)	and	
‘very	important’	(4)	responses	on	a	scale	of	1	to	4	are	observed	to	be	an	active	relationship.	
Figure	15	shows	the	new	concept.	The	justification	for	this	change	is	that	the	limit	that	is	used	
for	the	first	two	independent	variables	would	have	admitted	only	a	few	firms	into	the	‘active’	
group;	hence,	the	analysis	would	not	have	been	reasonable.	The	same	reason	also	applies	to	the	
following	independent	variables.

 No 38 7
 Yes 7 1

Table 13 Tabulation of the activity measures

	 	 Increasingly	active
	 No	 Yes

Active
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R&D	increasingly	active
In	this	 independent	variable,	only	R&D	relationships	are	considered,	and	both	manufactur-
ing	 relationships	 and	 marketing	 and	 distribution	 relationships	 are	 excluded	 compared	 with	
the	variable	‘increasingly	active’.	The	‘R&D	increasingly	active’	variable	takes	a	binary	value	of	
1	when	a	firm	has	four	or	more	increasingly	active	R&D	relationships	with	actors	in	the	net-
work	and	0	otherwise.

Manufacturing	active
Only	manufacturing	relationships	are	considered	in	this	independent	variable,	and	both	R&D	
relationships	 and	 marketing	 and	 distribution	 relationships	 are	 excluded	 compared	 with	 the	
variable	‘active’.	The	variable	‘manufacturing	active’	takes	a	binary	value	of	1	when	a	firm	has	
two	or	more	active	manufacturing	relationships	with	actors	in	the	network	and	0	otherwise.	
The	 limit	 is	 lower	 than	 in	 the	 two	 previous	 variables	 because	 activity	 is	 generally	 lower	 in	
manufacturing	relationships	and	marketing	and	distribution	relationships	than	in	R&D	rela-
tionships.	The	difference	that	is	described	above	can	be	observed	when	one	compares	Table	8,	
Table	9,	and	Table	10.	Additionally,	the	above	reason	is	observed	in	the	following	three	inde-
pendent	variables,	which	also	have	a	lower	limit.

Manufacturing	increasingly	active
In	this	independent	variable,	only	manufacturing	relationships	are	considered,	and	both	R&D	
relationships	 and	 marketing	 and	 distribution	 relationships	 are	 excluded	 compared	 with	 the	
variable	 ‘active’.	 The	 ‘manufacturing	 increasingly	 active’	 variable	 takes	 a	 binary	 value	 of	 1	
when	a	firm	has	two	or	more	increasingly	active	manufacturing	relationships	with	actors	in	
the	network	and	0	otherwise.

Marketing	&	distribution	active
In	 this	 independent	 variable,	 only	 marketing	 and	 distribution	 relationships	 are	 considered,	
and	both	R&D	relationships	and	manufacturing	relationships	are	excluded	compared	with	the	

Figure 15 An adaptation of the concepts of active and increasingly active firms
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variable	‘active’.	The	‘marketing	&	distribution	active’	variable	takes	a	binary	value	of	1	when	
a	firm	has	two	or	more	active	manufacturing	relationships	with	actors	in	the	network	and	0	
otherwise.

Marketing	&	distribution	increasingly	active
In	 this	 independent	 variable,	 only	 marketing	 and	 distribution	 relationships	 are	 considered,	
and	both	R&D	relationships	and	manufacturing	relationships	are	excluded	compared	with	the	
variable	‘increasingly	active’.	The	‘marketing	&	distribution	increasingly	active’	variable	takes	
a	binary	value	of	1	when	a	firm	has	two	or	more	increasingly	active	manufacturing	relation-
ships	with	actors	in	the	network	and	0	otherwise.

5.4 Control variables
	
This	section	describes	the	control	variables	of	age,	revenue,	employees,	R&D	share,	bio,	nano,	
environmental,	and	renewable.

Age
A	control	variable	was	added	to	control	the	effect	of	firm	age	in	the	regression	model.	Firm	
growth	rates	or	shares	of	exports	are	assumed	to	be	linked	with	firm	age.	Therefore,	the	effect	
must	be	controlled	for	in	the	model.	Data	from	the	Finnish	Trade	Register	were	used	to	calcu-
late	firm	age.	Firm	age	is	measured	in	years,	and	the	zero	point	is	set	at	the	year	2011.	A	loga-
rithmic	transformation	was	performed	to	conform	to	the	normality	assumption	prior	to	using	
the	variable	in	the	regression	model.

Revenue
Similar	to	age,	revenue	is	assumed	to	be	linked	to	the	growth	rate	of	revenue	and	possibly	to	
the	share	of	exports	and	therefore	must	be	controlled.	As	with	the	age	variable,	a	logarithmic	
transformation	was	performed	to	conform	to	the	normality	assumption	of	the	model.	The	rev-
enue	data	were	derived	in	a	manner	that	was	similar	to	those	for	the	growth	of	revenue.	Rev-
enue	is	used	as	a	control	variable	when	the	dependent	variables	(i.e.,	the	revenue	growth	rate	
and	the	share	of	exports)	are	revenue	related.

Employees
Similar	to	age	and	revenue,	the	number	of	employees	is	assumed	to	be	linked	to	firm	growth	
rates	and	therefore	must	be	controlled.	As	with	the	age	and	revenue	variables,	a	logarithmic	
transformation	was	performed	to	conform	to	the	normality	assumption	of	the	model.	The	da-
ta	were	derived	in	a	manner	that	was	similar	to	those	for	the	employment	growth	rate.	The	
number	of	employees	is	used	as	a	control	variable	when	the	dependent	variables	are	employ-
ment	related.	The	logarithmic	transformations	of	the	number	of	employees	and	revenue	are	
highly	correlated	(0.749)	and	thus	are	not	used	simultaneously	in	the	regression	analysis.

R&D	share
The	third	control	variable	is	the	share	of	revenue	that	is	used	for	R&D.	This	variable	adopts	
values	between	0	and	1,	and	the	values	of	the	variable	are	obtained	from	the	interviewees.	The	
R&D	share	is	considered	because	it	exposes	the	R&D	activity	of	the	firms,	and	it	also	express-
es	the	life-cycle	stage	of	the	firms	and	may	thus	have	an	effect	on	the	growth	rate.
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The	last	four	control	variables	are	technology	based	and	are	used	as	proxies	for	the	industries	
in	which	the	firms	operate.

Bio
Four	industry	control	variables	were	created	to	account	for	the	differences	among	the	indus-
tries	that	are	investigated	in	the	study.	The	first	control	variable	is	‘bio’	and	is	a	binary	varia-
ble	with	the	value	of	1	when	a	firm	uses	biotechnology	or	if	the	end	product	or	service	is	used	
in	the	biotechnology	industry	‘extensively’	according	to	the	interviewee	and	0	when	a	firm	us-
es	biotechnology	or	 if	 the	end	product	or	service	 is	used	 in	 the	biotechnology	 industry	 less	
than	‘extensively’.	Biotechnology	was	added	as	a	control	variable	because	previous	studies	have	
shown	that	biotechnology	and	nanotechnology	are	interconnected	in	Finland	to	some	extent	
(Nikulainen	and	Kulvik,	2009).	The	use	of	biotechnology	or	the	use	of	the	end	product	or	serv-
ice	in	the	biotechnology	industry	was	rated	by	the	interviewees	on	a	scale	of	one	(1)	to	four	
(4),	in	which	one	was	‘none’	and	four	was	‘extensive’.

Nano
This	variable	and	the	following	two	control	variables	are	derived	from	the	scope	of	the	study.	
The	second	industry	variable	is	‘nano’	and	is	a	binary	variable	that	takes	the	value	of	1	when	
a	firm	uses	nanotechnology	or	if	the	end	product	or	service	is	used	in	the	nanotechnology	in-
dustry	‘extensively’	according	to	the	interviewee	and	0	when	a	firm	uses	biotechnology	or	if	
the	end	product	or	service	is	used	in	the	nanotechnology	industry	less	than	‘extensively’.	The	
use	of	nanotechnology	or	the	use	of	the	end	product	or	service	in	the	nanotechnology	indus-
try	was	rated	by	the	interviewees	on	a	scale	of	one	(1)	to	four	(4),	in	which	one	was	‘none’	and	
four	was	‘extensively’.

Environmental
The	third	industry	variable	is	‘environmental’	and	is	a	binary	variable	that	takes	the	value	of	1	
when	a	firm	uses	environmental	technology	or	if	the	end	product	or	service	is	used	in	the	envi-
ronmental	technology	industry	‘extensively’	according	to	the	interviewee	and	0	when	a	firm	us-
es	environmental	technology	or	if	the	end	product	or	service	is	used	in	the	environmental	tech-
nology	industry	less	than	‘extensively’.	The	use	of	environmental	technology	or	the	use	of	the	
end	product	or	service	in	environmental	technology	industry	was	rated	by	the	interviewees	on	
a	scale	of	one	(1)	to	four	(4),	in	which	one	was	‘none’	and	four	was	‘extensively’.	Environmen-
tal	technology	is	an	umbrella	term	for	various	technologies,	such	as	air	pollution	control,	wa-
ter	pollution	control,	and	solid	waste	management.	In	addition,	renewable	energy	technologies	
can	be	listed	below	the	term,	but	for	the	purposes	of	this	study,	the	term	is	a	separate	variable.

Renewable
The	fourth	and	last	industry	variable	is	‘renewable’	and	is	a	binary	variable	that	takes	the	value	
of	1	when	a	firm	uses	renewable	energy	technologies	or	if	the	end	product	or	service	is	used	
in	the	renewable	energy	technology	industry	‘extensively’	according	to	the	interviewee	and	0	
when	a	 firm	uses	 renewable	energy	 technologies	or	 if	 the	end	product	or	 service	 is	used	 in	
the	renewable	energy	technology	industry	less	than	‘extensively’.	The	use	of	renewable	energy	
technologies	or	the	use	of	the	end	product	or	service	in	the	renewable	energy	technology	in-
dustry	was	rated	by	the	interviewees	on	a	scale	of	one	(1)	to	four	(4),	in	which	one	was	‘none’	
and	four	was	‘extensively’.	The	technologies	that	are	listed	under	renewable	energy	technolo-
gies	include	solar,	biomass,	wind,	ocean,	geothermal,	and	hydropower	technologies.
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5.5 Model
	
The	base	model	in	the	study	uses	an	ordinary	least	squares	(OLS)	regression	to	test	hypoth-
eses	1a-2b.	The	robust	standard	errors	by	Huber	(1967)	and	White	(1980)	are	used	in	the	re-
gression	to	reduce	the	effect	of	unidentified	heteroscedasticity.	The	significances	of	the	coef-
ficients	of	the	independent	variables	are	one-tailed	probabilities,	and	the	significances	of	the	
control	 variables	 are	 two-tailed	 probabilities.	 The	 ordinary	 least	 square	 estimate	 in	 matrix	
form	is	formulated	below	(Greene,	2003).

	 	 	 	 (4)

6 Results
	
This	chapter	provides	the	empirical	results	of	the	analysis.	The	first	section	addresses	the	ac-
tors	who	assist	the	interviewed	firms	in	developing	new	co-operational	relationships	and	the	
actors	who	are	the	key	information	sources.	The	second	section	provides	the	descriptive	sta-
tistics.	The	third	section	describes	the	results	of	the	regression	analysis,	and	the	fourth	section	
analyses	the	robustness	of	these	results.	The	fifth	section	summarises	the	results.

6.1 Background analysis of activity
 
New co-operational relationships

This	section	begins	by	examining	the	importance	of	foreign	actors	when	the	interviewees	cre-
ate	new	co-operational	relationships.	The	results	indicate	that	70%	of	the	interviewees	empha-
sised	the	importance	of	foreign	actors.	Furthermore,	at	a	10%	confidence	level,	the	test	of	pro-
portions	did	not	identify	statistically	significant	differences	between	the	firms	that	are	recog-
nised	as	active	and	not	active	or	between	the	firms	that	are	recognised	as	increasingly	active	
and	not	increasingly	active	(Acock,	2010).	In	conclusion,	the	result	clearly	identifies	the	im-
portance	of	relationships	with	foreign	actors.

Second,	this	section	analyses	whether	existing	relationships	with	certain	actor	groups	had	sub-
stantially	 assisted	 the	 interviewed	 firms	 in	 creating	 new	 co-operational	 relationships	 in	 the	
Finnish	market	or	in	the	foreign	markets	during	the	last	three	years	(e.g.,	new	business	rela-
tionships	or	research	relationships).	According	to	the	results	in	Figure	16,	the	most	beneficial	
actor	group	in	the	Finnish	market	for	creating	new	relationships	is	customers	(60%	of	the	in-
terviewees	agree),	and	the	second	most	 important	group	is	suppliers	(42%),	who	are	tied	to	
business	networks	and	clusters	(42%).	The	importance	of	customers	is	consistent	with	the	ear-
lier	findings	that	were	reported	in	section	4.3,	in	which	large	customers	are	the	most	impor-
tant	 R&D	 partners.	 The	 results	 indicate	 that	 competitors	 (13%),	 relatives	 and	 close	 friends	
(25%),	and	ELY	centres1	(25%)	are	the	four	least	beneficial	actor	groups.	Interestingly,	the	in-
terviewees	perceive	venture	capitalists,	angels,	and	private	equity	investors	(38%)	were	found	
to	be	as	beneficial	as	public	funders	(38%)	and	more	beneficial	than	ELY	centres	(25%).	

1  The Centres for Economic Development, Transport and the Environment
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beneficial in foreign markets compared with the Finnish market for creating new co-

operational relationships. Remarkably, public funders and ELY centres are the least 

beneficial actors, as the interviewees perceived them as less beneficial than the other 

actors in foreign markets. In general, the results indicate that in foreign markets, the 

upstream actors in the value chain are the most beneficial for the creation of new co-

operational relationships. Only 15% of the interviewees perceived existing 

relationships with business networks and clusters as beneficial for the creation of 

new co-operational relationships in foreign markets. However, Prashantham and 

Dhanaraj (2010) argue that business networks provide a cost-efficient method of 

forming new relationships. Furthermore, the subsequent sub-section extends this 

analysis by discussing which information sources are the most important when 

entrepreneurs are envisioning the future state of their businesses. 
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In	 the	 foreign	 market,	 the	 most	 beneficial	 actor	 group	 is	 customers	 (66%),	 and	 the	 second	
most	beneficial	group	is	distributors	and	retailers	(47%).	Additionally,	 these	two	groups	are	
the	only	actor	groups	that	most	of	the	interviewees	perceived	to	be	beneficial	in	foreign	mar-
kets	 compared	 with	 the	 Finnish	 market	 for	 creating	 new	 co-operational	 relationships.	 Re-
markably,	public	funders	and	ELY	centres	are	the	least	beneficial	actors,	as	the	interviewees	
perceived	them	as	less	beneficial	than	the	other	actors	in	foreign	markets.	In	general,	the	re-
sults	indicate	that	in	foreign	markets,	the	upstream	actors	in	the	value	chain	are	the	most	ben-
eficial	for	the	creation	of	new	co-operational	relationships.	Only	15%	of	the	interviewees	per-
ceived	existing	relationships	with	business	networks	and	clusters	as	beneficial	for	the	creation	
of	new	co-operational	relationships	in	foreign	markets.	However,	Prashantham	and	Dhanaraj	
(2010)	argue	that	business	networks	provide	a	cost-efficient	method	of	forming	new	relation-
ships.	Furthermore,	the	subsequent	sub-section	extends	this	analysis	by	discussing	which	in-
formation	sources	are	the	most	important	when	entrepreneurs	are	envisioning	the	future	state	
of	their	businesses.

Sources of information

Networks	and	network	relationships	provide	channels	for	information	that	is	required	for	suc-
cessful	business	operations	(Granovetter,	1973,	Uzzi,	1997,	Teece,	2010).	In	the	survey,	the	in-
terviewees	defined	the	relative	importance	of	certain	information	sources	in	creating	visions	
of	the	future	business	landscape.	Figure	17	provides	the	average	importance	levels	of	the	in-
formation	sources.	The	question	was	posed	on	a	scale	of	one	(1)	to	four	(4),	in	which	one	was	
defined	as	‘not	at	all	important’	and	four	as	‘very	important’.	The	question	was	adapted	from	
the	Community	Innovation	Survey	(CIS)	by	Eurostat	(2008).

Figure 16 The actors who have benefitted the interviewees substantially when 
 developing new co-operational relationships in Finnish or foreign markets
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Typically,	the	most	important	sources	of	 information	are	clients	and	customers.	The	second	
most	important	sources	are	those	within	an	interviewee’s	firm	or	enterprise	group.	These	two	
sources	are	notably	more	important	than	other	sources.	The	least	important	sources	are	pro-
fessional	and	industry	associations	in	conjunction	with	governmental	or	public	research	insti-
tutions.	Interestingly,	scientific	journals	and	trade	or	technical	publications	are	highly	impor-
tant	sources	of	information	compared	with	universities	or	other	higher	education	institutes,	
which	are	perceived	as	less	important.	This	result	may	suggest	that	the	interviewees	have	not	
developed	relationships	with	local	universities	with	relevant	expertise,	that	local	universities	
may	not	have	relevant	expertise,	or	that	the	firms	wilfully	develop	their	products	or	services	
independently.	The	relative	insignificance	of	governmental	or	public	research	institutes	is	es-
pecially	notable	because	a	greater	number	of	interviewees	have	formed	very	important	R&D	
relationships	with	research	institutes	compared	with	universities.	Moreover,	these	results	are	
consistent	with	the	findings	of	the	Finnish	National	Community	Innovation	Survey	(Official	
Statistics	of	Finland,	2008).

Overall,	this	section	has	demonstrated	that	customers	are	the	most	important	sources	of	in-
formation.	Moreover,	customers	constitute	the	most	beneficial	actor	group	for	entrepreneurs	
who	are	developing	new	co-operational	relationships.	Next,	this	study	proceeds	to	test	the	hy-
potheses.	Thus,	the	following	section	provides	descriptive	statistics	for	the	regression	analysis.	
Additionally,	this	section	has	provided	valuable	observations,	which	will	assist	in	the	analysis	
of	the	results	of	the	regression.

6.2 Descriptive statistics
	
Table	14	provides	the	descriptive	statistics	for	the	data.	These	data	include	52	observations	rep-
resenting	52	different	managers	who	each	represent	one	firm.	However,	employment	growth	
rates	are	available	for	51	firms,	and	revenue	growth	rates	are	available	for	48	firms.	Table	15	

Figure 17 The most important sources of information during the last three years
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shows	the	pairwise	correlations	of	the	variables.	In	Table	14,	variables	1	to	3	are	the	dependent	
variables,	variables	4	to	11	are	the	independent	variables,	and	variables	12	to	19	are	the	con-
trol	variables.	As	the	‘active’	and	‘increasingly	active’	variables	are	both	binary	variables,	the	
mean	values	that	are	reported	in	Table	14	indicate	that	15%	of	the	firms	are	active	or	increas-
ingly	active.	Furthermore,	the	correlation	between	the	variables	is	only	-0.031	and	not	signifi-
cant;	thus,	this	finding	supports	the	assumption	that	the	groups	are	formed	by	different	firms.	

Dependent variables
Employment growth 51 0.141 0.320 -0.423 -0.047 0.031 0.190 1.236
Revenue growth 48 0.138 0.861 -3.349 -0.143 0.060 0.345 2.905
Exports % 52 0.530 0.383 0.000 0.251 0.535 0.925 1.000
 
Independent variables
Active 52 0.154 0.364 0.000 0.000 0.000 0.000 1.000
Incr. Active 52 0.154 0.364 0.000 0.000 0.000 0.000 1.000
R&D Active 52 0.192 0.397 0.000 0.000 0.000 0.000 1.000
R&D Incr. Active 52 0.173 0.382 0.000 0.000 0.000 0.000 1.000
Manuf. Active 52 0.231 0.425 0.000 0.000 0.000 0.000 1.000
Manuf. Incr. Active 52 0.245 0.434 0.000 0.000 0.000 0.000 1.000
Market. & Distr. Active 52 0.173 0.382 0.000 0.000 0.000 0.000 1.000
Market. & Distr. Incr. Active 52 0.173 0.382 0.000 0.000 0.000 0.000 1.000
 
Control variables
Age 52 2.402 0.650 1.099 1.869 2.485 2.890 3.555
Employees 52 2.571 1.302 0.000 1.694 2.350 3.503 5.521
Revenue 51 13.886 2.217 6.867 12.675 13.787 15.517 18.198
Bio 52 0.077 0.269 0.000 0.000 0.000 0.000 1.000
Nano 52 0.269 0.448 0.000 0.000 0.000 1.000 1.000
Environmental technology 52 0.361 0.480 0.000 0.000 0.000 1.000 1.000
Renewable energy tech. 52 0.462 0.503 0.000 0.000 0.000 1.000 1.000
R&D % 52 0.313 0.324 0.020 0.068 0.150 0.450 1.000

Table 14 Descriptive statistics

Variable	 Obs	 Mean	 SD	 Min	 q25	 Median	 q75	 Max
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6.3 Regression analyses
	
This	section	describes	the	results	of	the	ordinary	least	squares	(OLS)	regression.	Hypotheses	
1a	and	1b	are	first	studied	by	using	the	revenue	growth	rate	and	the	employment	growth	rate	
as	the	dependent	variables.	Subsequently,	the	share	of	exports	is	used	as	the	dependent	varia-
ble	for	testing	hypotheses	2a	and	2b.	Each	sub-section	uses	six	models	to	test	the	hypotheses.	
The	first	model	tests	the	connection	between	relationship	activity	and	the	dependent	variable	
in	a	generic	model,	and	the	model	is	the	main	test	for	the	hypotheses.	However,	the	four	sub-
sequent	models	are	used	to	determine	whether	a	certain	relationship	type	can	be	recognised	
as	 the	source	of	 the	connection	that	 is	proposed	 in	 the	hypotheses.	Finally,	 the	sixth	model	
tests	the	goodness	of	the	other	models.	Furthermore,	in	each	regression,	the	probability	val-
ues	for	the	independent	variables	are	one-tailed,	and	those	for	the	control	variables	are	two-
tailed.	The	justification	for	this	method	is	that	the	hypotheses	propose	one-sided	connections	
for	the	independent	variables.

Revenue growth

The	results	of	the	regressions	that	test	the	connections	between	network	activity	and	revenue	
growth	are	shown	in	Table	16.	Furthermore,	models	1	to	5	test	hypotheses	1a	and	1b.	The	de-
pendent	variable	is	a	logarithmic	transformation;	thus,	the	resulting	coefficients	of	the	vari-
ables	cannot	be	interpreted	in	a	straightforward	manner.	However,	model	1	clearly	supports	
hypothesis	1b	because	according	to	the	model,	increasing	activity	has	a	significant	and	posi-
tive	connection	with	revenue	growth	(β	=	0.780,	p	<	0.01).	The	coefficient	of	determination	
is	high	(0.52).	The	adjusted	coefficients	of	correlation	are	not	reported,	as	the	regressions	are	
estimated	with	robust	standard	errors.	Moreover,	the	F-test	is	significant	at	the	1%	level,	and	
the	maximum	VIF	score	is	2.01,	which	indicates	that	multicollinearity	does	not	notably	affect	
the	results	(Hair	et	al.,	2006).	However,	the	‘active’	variable	is	not	significant;	thus,	the	model	
does	not	support	hypothesis	1a.

Models	2	to	5	test	whether	the	effect	of	active	and	increasingly	active	connections	can	be	re-
lated	to	a	certain	theme,	such	as	R&D,	manufacturing,	or	marketing	and	distribution.	The	F-
test	values	for	models	2	to	5	are	not	significant	at	the	10%	level;	thus,	the	overall	model	in	each	
case	 is	 not	 statistically	 significant.	 Therefore,	 the	 following	 analysis	 includes	 only	 observa-
tions	and	does	not	contribute	to	the	testing	of	the	hypotheses.	Additionally,	in	model	2,	R&D	
activity	and	revenue	growth	are	negatively	related	(β	=	-0.508,	p	<	0.05),	and	in	models	4	and	
5,	marketing	and	distribution	activity	is	negatively	related	to	revenue	growth	(β	=	-0.492,	p	<	
0.10	and	β	=	-0.486,	p	<	0.05).

In	model	1,	the	control	variables	of	‘revenue’,	‘environmental	technologies’,	and	‘R&D	%’	are	sig-
nificant	at	the	5%	level.	According	to	the	model,	 ‘revenue’	has	a	positive	connection	with	the	
growth	rate;	this	result	suggests	that	larger	firms	grow	more	rapidly	than	smaller	firms	when	
size	is	measured	in	revenue.	Firms	that	are	recognised	as	specialising	in	environmental	technol-
ogies	have	a	highly	positive	connection	with	revenue	growth	(β	=	0.505,	p	<	0.05).	Interesting-
ly,	R&D	spending	has	a	positive	connection	with	revenue	growth	(β	=	1.999,	p	<	0.05);	thus,	the	
results	suggest	that	current	R&D	spending	clearly	has	a	positive	effect	on	revenue	growth	rate.

Model	6,	which	does	not	include	the	independent	variables,	is	not	significant,	as	the	F-value	is	
not	significant	at	the	10%	level,	and	the	coefficients	of	the	control	variables	are	also	not	signif-
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icant.	Additionally,	the	coefficient	of	determination	is	lower	in	model	6	than	in	model	1	(0.383	
and	0.475,	respectively).	Hence,	the	independent	variables	in	model	1	evidently	improve	the	
results	of	the	regressions.

Employment growth

The	analysis	proceeds	to	use	the	employment	growth	rate	as	the	dependent	value	to	test	hy-
potheses	1a	and	1b	from	a	different	angle.	The	results	of	the	regressions	that	tested	the	con-
nections	between	network	activity	and	employment	growth	rates	are	shown	in	Table	17.	Sim-
ilar	 to	the	previous	sub-section,	models	1	to	5	all	 test	hypotheses	1a	and	1b.	Model	1	clear-
ly	 supports	 hypothesis	 1b	 but	 rejects	 hypothesis	 1a.	 Furthermore,	 according	 to	 the	 model,	
increasing	 activity	 has	 a	 significant	 and	 positive	 connection	 with	 employment	 growth	 (β	 =	
0.328,	p	<	0.01).	Contrary	to	the	predictions,	relationship	activity	is	negatively	and	significant-
ly	connected	with	the	employment	growth	rate	(β	=	-0.196,	p	<	0.10).	The	coefficient	of	de-
termination	is	high	(0.45).	Furthermore,	the	F-test	is	significant	at	the	5%	level,	and	the	max-
imum	VIF	score	is	1.76,	which	indicates	that	multicollinearity	does	not	notably	affect	the	re-
sults	(Hair	et	al.,	2006).

Active -0.336     
Incr. Active 0.780 **     
R&D Active   -0.508 *     -0.379 
R&D Incr. Active   0.398      0.378 
Manuf. Active     0.182    0.327 
Manuf. Incr. Active     -0.009    0.178 
Market. & Distr. Active       -0.492 + -0.486 * 
Market. & Distr. Incr. Active       -0.053  -0.102
Age -0.089  -0.135  -0.047  -0.139  -0.178  -0.063
Revenue 0.264 * 0.249 * 0.246 * 0.272 * 0.253 * 0.253
Bio -0.579  -0.327  -0.297  -0.209  -0.451  -0.233
Nano -0.126  0.034  -0.202  -0.220  -0.129  -0.173
Environmental technology 0.505 * 0.312  0.415 * 0.496 * 0.380 + 0.433
Renewable energy technologies -0.047  0.051  -0.049  -0.120  -0.097  -0.046
R&D % 1.999 * 1.772 * 2.008 * 2.255 * 1.959 * 2.025
      
Constant -3.963 * -3.549 + -3.791 * -3.838 * -3.476 * -3.827
      
Obs 48  48  48  48  48  48
R2 0.475  0.440  0.391  0.430  0.489  0.383
F 2.85 * 1.36  1.20  1.52  1.15  1.55
Max VIF 2.40  2.55  2.39  2.52  2.82  2.36
Mean VIF 1.53  1.66  1.56  1.63  1.81  1.59
 
+Significant at 10%;  *Significant at 5%;  **Significant at 1%.

Table 16 Regression results and revenue growth as a dependent variable 
 (OLS with robust S.E.)

Model:	 1	 2	 3	 4	 5	 6
Dependent:	 Revenue	growth
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As	in	the	previous	sub-section,	models	2	to	5	test	whether	the	effect	of	active	and	increasingly	
active	relationships	can	be	specified	to	a	certain	theme,	such	as	R&D,	manufacturing,	or	mar-
keting	and	distribution.	The	F-test	value	is	significant	for	model	2	only	at	the	5%	level,	and	the	
values	for	models	3	to	5	are	not	significant	at	the	10%	level;	thus,	the	overall	model	in	these	
cases	is	not	statistically	significant.	In	model	2,	R&D	relationship	activity	and	the	employment	
growth	rate	are	negatively	related	(β	=	-0.215,	p	<	0.05),	and	increasing	R&D	relationship	ac-
tivity	and	 the	employment	growth	rate	are	positively	related	(β	=	0.196,	p	<	0.05).	Further-
more,	the	result	supports	hypothesis	1b	and	rejects	hypothesis	1a.	Interestingly,	model	2	clear-
ly	supports	the	findings	of	model	1;	thus,	the	results	indicate	that	R&D	relationship	activity	
defines	the	activity	in	the	relationships	on	a	more	generic	level.	The	results	of	models	3	and	4	
support	this	view,	as	both	the	models	and	the	coefficients	of	the	independent	variables	are	in-
significant.	Model	5	presents	results	that	are	similar	to	those	of	model	2,	but	the	overall	model	
is	not	significant,	as	the	F-test	value	is	insignificant	at	the	10%	level.

In	model	1,	the	‘renewable	energy	technologies’	and	‘R&D	%’	control	variables	are	significant	
at	the	5%	level.	Furthermore,	the	only	control	variable	that	is	significant	in	all	models	at	the	
5%	level	is	‘renewable	energy	technologies’.	This	variable	is	positively	connected	with	employ-
ment	growth	in	every	model.	Therefore,	firms	that	are	recognised	as	belonging	to	this	group	

Active -0.196 +     
Incr. Active 0.328 **     
R&D Active   -0.215 *     -0.230 * 
R&D Incr. Active   0.196 *     0.181 + 
Manuf. Active     0.021    0.071 
Manuf. Incr. Active     0.077    0.070 
Market. & Distr. Active       -0.049  -0.035 
Market. & Distr. Incr. Active       0.026  0.023 
Age 0.109  0.099  0.097  0.095  0.097  0.097
Employees -0.011  -0.031  -0.029  -0.025  -0.028  -0.029
Bio -0.146  -0.051  0.003  0.027  -0.098  0.035
Nano 0.099  0.161  0.069  0.079  0.140  0.085
Environmental technology 0.096  0.005  0.035  0.042  -0.002  0.035
Renewable energy technologies 0.304 ** 0.344 ** 0.270 * 0.281 * 0.325 * 0.287 *
R&D % 0.369 * 0.286 + 0.302  0.321  0.280  0.310
      
Constant -0.404  -0.294  -0.284  -0.282  -0.301  -0.279
      
Obs 51  51  51  51  51  51
R2 0.450  0.405  0.313  0.307  0.414  0.304
F 2.46 * 2.2 * 1.38  1.46  1.6  1.86
Max VIF 1.76  1.72  1.73  1.77  1.92  1.70
Mean VIF 1.41  1.44  1.42  1.46  1.6  1.41
 
+Significant at 10%;  *Significant at 5%;  **Significant at 1%.

Table 17 Regression results and employment growth as the dependent variable  
 (OLS with robust S.E.)

Model:	 1	 2	 3	 4	 5	 6
Dependent:	 Employment	growth
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evidently	 have	 higher	 employment	 growth	 rates	 than	 other	 firms.	 In	 models	 1	 and	 2,	 R&D	
spending	is	positively	connected	with	the	employment	growth	rate	(β	=	0.369,	p	<	0.05	and	β	
=	0.276,	p	<	0.10);	thus,	the	results	indicate	that	current	R&D	spending	clearly	has	a	positive	
effect	on	revenue	growth	rates.	This	finding	is	similar	to	the	results	in	the	previous	sub-section	
in	which	the	revenue	growth	rate	was	used	as	the	dependent	variable.

Similar	to	the	previous	sub-section,	model	6,	which	does	not	include	any	independent	varia-
bles,	is	not	significant	based	on	the	F-test	value,	and	the	only	significant	variable	is	‘renewable	
energy	technologies’.	Additionally,	the	coefficient	of	determination	is	 lower	than	in	model	1	
(0.304	and	0.450,	respectively).	Similar	to	the	previous	sub-section,	the	independent	variables	
improve	the	regression	results.

Exports

The	third	and	final	regression	uses	the	share	of	exports	as	the	dependent	variable	to	test	hy-
potheses	2a	and	2b.	Table	18	shows	the	results	of	testing	the	connections	between	network	ac-
tivity	and	the	share	of	exports.	Moreover,	the	models	test	hypotheses	2a	and	2b.	Model	1	sup-
ports	hypothesis	2a.	According	to	the	model,	relationship	activity	has	a	significant	and	posi-
tive	connection	with	the	share	of	exports	(β	=	0.217,	p	<	0.10).	However,	increasing	activity	
is	not	significant	at	the	10%	level,	and	the	coefficient	is	0.000.	Thus,	hypothesis	2b	is	not	sup-
ported,	and	the	results	indicate	that	increasing	activity	is	not	connected	with	the	share	of	ex-
ports.	The	coefficient	of	determination	is	not	high	(0.219).	Furthermore,	the	F-test	is	signifi-
cant	at	the	10%	level,	and	the	maximum	VIF	score	is	2.19,	which	indicates	that	multicollinear-
ity	does	not	notably	affect	the	results	(Hair	et	al.,	2006).	

As	in	the	previous	regressions,	models	2	to	5	analyse	whether	the	effect	of	active	and	increas-
ingly	active	relationships	can	be	specified	into	a	certain	theme,	such	as	R&D,	manufacturing,	
or	marketing	and	distribution.	The	F-test	value	is	significant	for	models	2	and	5	at	the	5%	lev-
el,	and	the	value	for	model	3	is	significant	at	the	10%	level.	Only	model	4	is	not	statistically	
significant.	However,	models	2	and	5	are	those	with	the	coefficients	of	the	independent	varia-
ble,	which	are	also	significant.	In	model	2,	R&D	relationship	activity	and	the	share	of	exports	
are	positively	connected	(β	=	0.291,	p	<	0.05),	and	in	model	5,	the	same	variable	is	also	posi-
tive	and	significant	(β	=	0.292,	p	<	0.05).	These	findings	support	hypothesis	2a	and	particular-
ly	emphasise	the	importance	of	active	R&D	relationships.

In	model	1,	the	control	variable	‘nano’	is	significant	at	the	5%	level.	Furthermore,	this	variable	
is	significant	at	the	5%	level	in	model	4	and	at	the	10%	level	in	model	3.	In	models	1,	3,	and	
4,	the	coefficient	attains	values	between	0.253	and	0.262	and	is	thus	positively	connected.	The	
‘revenue’	variable	is	significant	at	the	10%	level	in	models	1	and	4	and	is	positively	connected	
(β	=	0.046	and	β	=	0.051)	with	the	share	of	exports.	Therefore,	larger	firms	export	more	than	
smaller	firms.

As	in	the	previous	sub-sections,	model	6	does	not	include	any	independent	variable.	Howev-
er,	the	model	is	significant	at	the	10%	level	based	on	the	F-test	value,	and	the	significant	con-
trol	variables	are	‘revenue’	and	‘nano’.	Additionally,	the	coefficient	of	determination	is	lower	
than	in	model	1	(0.182	and	0.219).	The	difference	between	models	1	and	6	is	smaller	than	in	
the	previous	findings.
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Regression post-estimation

The	post-estimation	regression	was	conducted	after	the	regression	analysis.	As	the	regression	
models	use	robust	Huber-White	standard	errors	 (Huber,	1967,	White,	1980),	 the	results	are	
not	tested	for	heteroscedasticity.

The	variance	inflation	factors	(VIFs)	were	calculated	to	test	the	regression	model	for	multi-
collinearity.	Hair	et	al.	(2006)	suggest	that	the	common	VIF	cut-off	value	for	large	samples	is	
10,	which	corresponds	to	a	multiple	correlation	of	0.95.	However,	the	highest	VIF	value	in	this	
study	is	2.82,	which	is	much	lower	than	the	limit	that	was	suggested	by	Hair	et	al.	(2006).	In	
conclusion,	multicollinearity	does	not	severely	affect	this	study.	

Summary

The	results	of	the	regression	analysis	are	summarised	in	Table	19.	The	first	regression,	which	
used	the	revenue	growth	rate	as	the	dependent	variable,	supported	hypothesis	1b	but	did	not	
support	hypothesis	1a.	The	second	regression,	which	used	the	employment	growth	rate	as	the	
dependent	variable,	also	supported	hypothesis	1b	but	supported	the	opposite	result	than	that	
predicted	 for	 hypothesis	 1a.	 In	 conclusion,	 hypothesis	 1b	 is	 supported	 by	 both	 regressions.	

Active 0.217 +     
Incr. Active 0.000     
R&D Active   0.291 *     0.292 * 
R&D Incr. Active   -0.047      -0.025 
Manuf. Active     0.104    0.060 
Manuf. Incr. Active     -0.027    -0.037 
Market. & Distr. Active       0.005  -0.021 
Market. & Distr. Incr. Active       0.038  -0.022 
Age -0.033  -0.029  -0.043  -0.039  -0.032  -0.047
Revenue 0.046 + 0.037  0.044  0.051 + 0.031  0.049 +
Bio 0.027  0.012  -0.043  -0.038  0.009  -0.020
Nano 0.262 * 0.167  0.253 + 0.258 * 0.167  0.263 *
Environmental technology -0.021  0.067  0.003  0.018  0.061  0.020
Renewable energy technologies -0.134  -0.178  -0.118  -0.118  -0.174  -0.120
R&D % 0.220  0.250  0.252  0.285  0.228  0.280
      
Constant -0.123  -0.008  -0.075  -0.185  0.077  -0.134
      
Obs 51  51  51  51  51  51
R2 0.219  0.254  0.197  0.184  0.261  0.182
F 1.82 + 3.80 * 1.82 + 1.51  2.47 * 2.03 +
Max VIF 2.19  2.21  2.17  2.20  2.54  2.12
Mean VIF 1.49  1.56  1.51  1.56  1.72  1.52
 
+Significant at 10%;  *Significant at 5%;  **Significant at 1%.

Table 18 Regression results and share of exports as the dependent variable 
 (OLS with robust S.E.)

Model:	 1	 2	 3	 4	 5	 6
Dependent:	 Exports	%



51The Impact of Networking on Firm Performance: 
Evidence from Small and Medium-Sized Firms in Emerging Technology Areas

In	contrast,	hypothesis	1a	is	not	supported	by	the	first	regression,	and	the	second	regression	
yielded	the	opposite	results.	The	third	regression	supported	hypothesis	2a	but	did	not	support	
hypothesis	2b.

6.4 Robustness
	
An	additional	probit	regression	analysis	was	conducted	to	test	the	robustness	of	the	regression	
analysis.	The	aim	of	this	analysis	was	to	test	the	hypotheses.	The	probit	regression	model	is	a	
binary	choice	model	in	which	the	value	0	or	1	is	assigned	to	the	dependent	variable,	and	the	
model	uses	a	maximum	likelihood	method	to	estimate	the	results	(Greene,	2003).	The	coef-
ficients	of	the	independent	variables	are	not	directly	comparable	to	the	results	of	the	OLS	re-
gressions	(Greene,	2003).	However,	the	sign	and	significance	of	the	coefficient	express	the	re-
quired	information	for	testing	the	hypotheses.	A	positive	coefficient	represents	an	increase	in	
the	predicted	probability,	which	in	this	analysis	can	be	interpreted	as	a	higher	probability	of	
being	a	high-growth	firm.	

The	dependent	variable	of	the	probit	regression	model	is	in	a	binary	form.	Therefore,	the	de-
pendent	variables	that	are	used	in	the	OLS	regression	are	transformed	into	a	binary	form.	The	
analysis	 is	 performed	 using	 the	 employment	 growth	 rate,	 the	 revenue	 growth	 rate,	 and	 the	
share	of	exports	as	the	dependent	variables.	Despite	numerous	experimental	models,	the	pro-
bit	regressions,	which	used	the	share	of	exports	as	the	dependent	variable,	did	not	provide	sta-
tistically	 significant	 results;	 thus,	 these	 results	are	not	provided	 in	 this	paper.	The	 transfor-
mations	 that	 are	 required	 to	analyse	hypotheses	1a	and	1b	are	performed	using	a	modified	
version	of	the	OECD-Eurostat	(2007)	definition	of	a	high-growth	firm.	According	to	the	def-
inition,	a	high-growth	firm	grows	an	average	of	at	least	20%	annually,	and	the	growth	rate	is	
measured	in	employment	growth	or	revenue	growth	(OECD-Eurostat,	2007).	Hence,	the	de-
pendent	variable	takes	a	value	of	1	if	the	annual	geometric	mean	growth	rate	is	20%	or	greater	
and	0	if	the	growth	rate	is	lower	than	20%	annually.	In	addition,	the	robust	standard	errors	by	
Huber	(1967)	and	White	(1980)	are	used	in	the	model	to	address	the	possible	effects	of	hetero-
scedasticity,	and	the	significances	for	the	independent	variables	are	reported	using	one-tailed	
probabilities	that	are	similar	to	those	used	in	the	OLS	regression.

Hypothesis

1a. Consistently high activity with network actors has a Not Opposite 
 positive connection with the growth rate of the firm supported supported

1b. Increasingly high activity with network actors has a 
 positive connection the growth rate of the firm Supported Supported

2a. Consistently high activity with network actors has a 
 positive connection with the share of exports   Supported

2b. Increasingly high activity with network actors has a   Not 
 positive connection with the share of export   supported

Table 19 Summary of the results

	 growth	 growth	 exports
	 Revenue	 Employment	 Share	of
	 	 Dependent	variable
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Table	20	shows	the	descriptive	statistics	for	employment	growth	and	revenue	growth	in	binary	
form.	In	total,	35%	of	the	firms	are	recognised	as	high-growth	firms	when	measured	in	reve-
nue	growth	and	24%	when	measured	in	employment	growth.

Table	21	shows	the	pairwise	correlations	of	the	employment	and	revenue	growth	rates	in	bina-
ry	form.	Additional	correlations	were	previously	described	in	Table	15.	There	is	a	statistically	
significant	correlation	between	the	independent	variable	‘increasingly	active’	and	the	depend-
ent	variables	of	employment	growth	(0.316)	and	revenue	growth	(0.379)	both	in	binary	form.	
In	addition,	increasing	R&D	activity	is	significant,	but	the	correlation	is	only	0.253.	

The	results	of	the	probit	regressions	(in	which	revenue	growth	in	binary	form	is	the	depend-
ent	variable)	are	shown	in	Table	22.	These	findings	support	hypothesis	1b,	but	they	do	not	sup-
port	hypothesis	1a.	Furthermore,	model	1	is	the	only	statistically	significant	model.	In	mod-
el	1,	increasing	relationship	activity	and	revenue	growth	are	positively	connected	(β	=	2.990,	
p	<	0.01).	This	finding	supports	hypothesis	1b	and	is	consistent	with	the	findings	of	the	OLS	
regression	in	sub-section	6.2.1.	Relationship	activity	is	not	significant	at	the	10%	level;	hence,	
the	results	do	not	support	hypothesis	1a.	Furthermore,	this	result	is	consistent	with	the	find-
ings	of	the	OLS	regression.	In	models	2	to	5,	none	of	the	independent	variables	is	significant	

Employment growth (bin) 51 0.235 0.428 0 0 0 0 1
Revenue growth (bin) 48 0.354 0.483 0 0 0 1 1

Table 20 Descriptive statistics for the robustness analysis

Variable	 Obs	 Mean	 SD	 Min	 q25	 Median	 q75	 Max

1 Employment growth (bin)
2 Revenue growth (bin) 0.264 + 
3 Active 0.015  0.188
4 Incr. Active 0.316 * 0.379 **
5 R&D Active -0.041  -0.021
6 R&D Incr. Active 0.228  0.253 +
7 Manuf. Active 0.128  0.114
8 Manuf. Incr. Active 0.159  0.114
9 Market. & Distr. Active -0.136  0.091
10 Market. & Distr. Incr. Active -0.014  0.202
11 Age -0.234 + -0.299 *
12 Employees -0.002  -0.190
13 Revenue -0.040  -0.006
14 Bio 0.010  0.092
15 Nano 0.073  0.100
16 Environmental technology 0.098  0.308 *
17 Renewable energy technologies 0.426 ** 0.137
18 R&D % 0.252 + 0.258 +

+Significant at 10%;  *Significant at 5%;  **Significant at 1%.

Table 21 Pairwise correlations for probit regressions

	 Employment	growth	(bin)	 Revenue	growth	(bin)
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at	the	10%	level.	Furthermore,	based	on	the	Wald	chi2	test,	the	hypothesis	that	the	coefficients	
do	not	differ	from	zero	cannot	be	rejected	in	models	2	to	5.	

In	model	1,	three	of	the	seven	control	variables	are	statistically	significant.	The	‘environmental	
technologies’	variable	is	significant	and	positively	connected	with	revenue	growth	(β	=	1.844,	
p	<	0.01).	The	second	significant	control	variable	 is	 ‘age’,	which	 is	 significant	and	negative-
ly	connected	with	revenue	growth	(β	=	-1.285,	p	<	0.05).	The	third	variable	is	‘nano’,	which	is	
significant	and	positively	connected	with	revenue	growth	(β	=	1.044,	p	<	0.10).	These	results	
indicate	that	older	firms	are	less	likely	to	be	high-growth	firms	than	younger	firms	and	that	
firms	that	specialise	in	nanotechnologies	or	environmental	technologies	are	also	more	likely	
to	be	high-growth	firms	than	other	firms.

In	a	comparison	of	model	1	and	model	6	(which	includes	only	the	control	variables),	model	1	
has	a	higher	pseudo	R2	value,	and	the	Wald	chi2	test	value	is	also	notably	higher.	These	factors	
demonstrate	 that	 the	 independent	variables	 in	model	1	 improve	the	regression	results	com-
pared	with	those	in	model	6.	In	addition,	the	accuracy	of	the	models	was	tested	by	tabulating	
the	predicted	and	actual	values	for	revenue	growth;	thus,	a	classification	matrix	was	formed	
(Hair	et	al.,	2006).	

Next,	 employment	 growth	 was	 analysed	 with	 the	 probit	 regression.	 The	 results,	 which	 are	
shown	in	Table	23,	support	hypotheses	1b.	However,	for	the	hypothesis	1a	the	opposite	is	sup-

Active 0.300     
Incr. Active 2.990 **     
R&D Active   -0.504      -0.553 
R&D Incr. Active   0.695      0.392 
Manuf. Active     0.008    0.021 
Manuf. Incr. Active     0.356    0.469 
Market. & Distr. Active       -0.407  -0.489 
Market. & Distr. Incr. Active       0.491  0.488 
Age -1.285 * -0.836  -0.813  -0.704  -0.902  -0.755
Revenue 0.232  0.138  0.176  0.205  0.227 + 0.161
Bio 0.129  0.495  0.628  0.492  0.451  0.635
Nano 1.044 + 0.804  0.564  0.476  0.666  0.572
Environmental technology 1.844 ** 1.024 + 1.187 * 1.188 * 1.143  1.137 *
Renewable energy technologies -0.586  -0.195  -0.407  -0.299  -0.371  -0.289
R&D % 1.395  1.197  1.414  1.760 + 1.581  1.469
      
Constant -2.097  -1.194  -1.827  -2.502  -2.358  -1.717
      
Obs 48  48  48  48  48  48
Pseudo R2 0.413  0.262  0.241  0.248  0.279  0.234
Wald chi2 28.47 ** 12.17  12.71  11.29  17.72  10.89
 
+Significant at 10%;  *Significant at 5%;  **Significant at 1%.

Model:	 1	 2	 3	 4	 5	 6
Dependent:	 Revenue	growth	(bin)

Table 22 Probit regression for revenue growth
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ported.	The	coefficients	of	model	1	differ	from	zero	at	the	5%	level	of	significance,	and	the	pseu-
do	R2	value	is	0.434.	Furthermore,	increasing	relationship	activity	is	significant	and	positively	
connected	with	employment	growth	(β	=	2.294,	p	<	0.01).	However,	relationship	activity	is	sig-
nificant	and	negatively	connected	with	employment	growth	(β	=	-1.429,	p	<	0.05).	Hence,	the	
former	finding	supports	hypothesis	1b,	but	the	latter	finding	opposites	hypothesis	1a.	In	con-
clusion,	these	findings	are	consistent	with	the	results	of	the	OLS	regression	in	sub-section	6.2.2.	

In	model	2,	R&D	relationship	activity	is	negatively	connected	with	revenue	growth	(β	=	-0.508,	
p	<	0.05);	 this	result	also	contradicts	hypothesis	1a.	In	model	4,	marketing	and	distribution	
relationship	activity	is	negatively	connected	with	employment	growth	(β	=	-1.256,	p	<	0.05).	
These	two	findings	support	the	opposite	of	hypothesis	1a,	as	the	coefficients	in	both	models	
differ	from	zero	(at	the	10%	level	 in	model	2	and	at	the	5%	level	 in	model	4).	However,	 the	
pseudo	R2	value	is	low	(0.291)	in	the	case	of	model	4.	Model	5	provides	results	that	are	partially	
consistent	with	the	previous	models,	as	increasing	R&D	relationship	activity	is	positively	con-
nected	with	employment	growth	(β	=	1.466,	p	<	0.01),	and	R&D	relationship	activity	is	nega-
tively	connected	with	employment	growth	(β	=	-1.480,	p	<	0.01).	By	contrast,	manufacturing	
relationship	activity	 is	positively	connected	with	employment	growth	 (β	=	0.895,	p	<	0.05).	
Hence,	model	5	supports	hypothesis	1b,	whereas	hypothesis	1a	is	supported	by	manufacturing	
relationship	activity	but	not	supported	by	R&D	relationship	activity	opposites	it.

Active -1.492 *     
Incr. Active 2.294 **     
R&D Active   -1.458 *     -1.480 ** 
R&D Incr. Active   1.444 **     1.466 ** 
Manuf. Active     0.260    0.895 * 
Manuf. Incr. Active     0.192    0.390 
Market. & Distr. Active       -1.256 * -0.556 
Market. & Distr. Incr. Active       -0.270  0.075 
Age -0.040  -0.197  -0.190  -0.351  -0.222  -0.18
Employees 0.190  -0.095  0.011  0.048  -0.065  0.017
Bio -1.199 + -0.252  0.070  0.148  -0.597  0.141
Nano 1.389 * 1.451 * 0.566  0.871 * 1.412 * 0.609
Environmental technology 0.179  -0.717  -0.365  -0.085  -0.975 + -0.28
Renewable energy technologies 2.435 ** 2.707 ** 1.485 * 1.575 ** 2.617 ** 1.522 **
R&D % 1.184  0.279  0.599  0.724  0.264  0.678
      
Constant -3.594 ** -2.027  -1.500  -1.220  -2.110  -1.519
      
Obs 51  51  51  51  51  51
Pseudo R2 0.434  0.393  0.248  0.291  0.426  0.243
Wald chi2  17.71 * 17.44 + 13.53  18.28 * 22.88 * 13.53 *
 
+Significant at 10%;  *Significant at 5%;  **Significant at 1%.

Model:	 1	 2	 3	 4	 5	 6
Dependent:	 Employment	growth	(bin)

Table 23 Probit regression for employment growth
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In	model	1,	the	coefficients	of	three	control	variables	are	statistically	significant.	The	‘renew-
able	energy	technologies’	variable	is	positively	connected	with	revenue	growth	and	significant	
at	the	1%	level.	The	second	significant	control	variable	is	‘nano’,	which	is	positively	connected	
with	revenue	growth	and	significant	at	the	5%	level.	The	third	variable	is	‘bio’,	which	is	nega-
tively	connected	with	employment	growth	and	significant	at	the	10%	level.	These	results	indi-
cate	that	firms	that	specialise	in	nanotechnologies	or	renewable	energy	technologies	are	more	
likely	to	be	high-growth	firms	than	other	firms,	and	firms	that	specialise	in	biotechnologies	
are	less	likely	to	be	high-growth	firms.

In	comparisons	of	model	1	and	model	6	(which	includes	only	control	variables),	model	1	has	
a	higher	pseudo	R2	value,	and	 the	Wald	chi2	 test	value	 is	also	higher.	These	 factors	demon-
strate	that	the	independent	variables	(especially	those	in	model	1)	improve	the	regression	re-
sults	compared	with	model	6.	In	addition,	the	accuracy	of	the	models	was	tested	by	tabulating	
the	predicted	and	actual	values	for	employment	growth	and	thus	forming	a	classification	ma-
trix	(Hair	et	al.,	2006).

In	conclusion,	the	results	in	this	section	generally	support	the	findings	of	the	OLS	regression.	
Hypothesis	1b	is	widely	supported,	as	increasing	relationship	activity	was	positively	and	sig-
nificantly	connected	with	the	growth	measures	in	question.	However,	hypothesis	1a	was	op-
posed	when	the	dependent	variable	was	employment	related.	Hypotheses	2a	and	2b	could	not	
be	tested	with	the	probit	regression	model	because	the	results	were	not	statistically	significant	
with	any	of	the	tested	threshold	values.	This	finding	could	result	from	the	distribution	of	the	
share	of	exports	presented	in	Figure	14.	

6.5 Summary of the results
	
To	conclude	this	chapter,	Table	24	summarises	the	results	of	this	study.	The	results	are	formed	
by	combining	the	results	of	both	the	OLS	regression	and	the	probit	regressions.

Hypothesis

1a. Consistently high activity with network actors has a Unsupported Opposite 
 positive connection with the growth rate of the firm  supported 

1b. Increasingly high activity with network actors has a 
 positive connection the growth rate of the firm Supported Supported 

2a. Consistently high activity with network actors has a   Partially 
 positive connection with the internationalisation of the firm   supported

2b. Increasingly high activity with network actors has a 
 positive connection with the internationalisation of the firm   Unsupported

Table 24 Summary of the results

	 growth	 growth	 exports
	 Revenue	 Employment	 Share	of
	 	 Dependent	variable
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In	conclusion,	the	results	indicate	that	hypothesis	1b	is	the	only	fully	supported	hypothesis.	
In	contrast,	hypothesis	2a	is	partially	supported,	hypothesis	2b	is	unsupported,	and	the	results	
support	a	claim	that	is	the	opposite	of	hypothesis	1a.	

7 Discussion and conclusions

7.1 Discussion
	
The	 aim	 of	 this	 study	 was	 to	 investigate	 how	 network	 relationship	 activity	 influences	 the	
growth	and	internationalisation	of	technology-based	firms	in	emerging	technology	areas.	The	
study	 demonstrated	 a	 positive	 connection	 between	 the	 creation	 of	 new	 active	 relationships	
and	firm	growth.	This	result	confirms	the	findings	of	Coviello	(2006),	Jack	et	al.	(2008),	and	
Prashantham	and	Dhanaraj	(2010),	who	suggest	 that	there	 is	a	positive	connection	between	
the	development	of	new,	relevant	connections	and	firm	growth.

Moreover,	 the	 results	 indicate	 that	 the	 importance	 of	 an	 actor	 group	 depends	 on	 the	 rela-
tionship	type.	Large	customers	both	in	Finland	and	abroad	are	the	two	most	important	actor	
groups	in	R&D	relationships,	whereas	suppliers	are	the	most	important	actor	group	in	manu-
facturing	relationships,	and	distributors	are	the	most	prominent	actor	group	in	marketing	and	
distribution	 relationships.	 The	 surprising	 result	 is	 the	 relative	 unimportance	 of	 universities	
and	research	institutions	in	R&D	relationships,	especially	in	comparisons	of	the	importance	of	
Finnish	and	foreign	actor	groups	in	which	foreign	actors	have	considerably	lower	importance.	
These	findings	provoke	questions	because	the	firms	that	are	included	in	this	study	are	exploit-
ing	emerging	technologies	and	are	growth	oriented;	it	would	seem	logical	to	assume	that	these	
firms	are	cooperating	with	the	experts	in	their	field.	

In	addition,	the	current	study	found	support	for	the	hypothesis	that	the	creation	of	new	ac-
tive	relationships	is	positively	connected	with	firm	growth.	This	finding	is	consistent	with	that	
of	Watson	(2007),	who	observed	a	positive	connection	between	sales	growth	and	networking.	
Furthermore,	both	the	OLS	and	probit	regressions	indicate	that	increasing	R&D	relationship	
activity	and	employment	growth	rates	are	positively	connected.	Moreover,	the	analysis	in	sec-
tion	6.1	shows	that	customers	are	the	most	important	sources	of	information	during	the	last	
three	years	and	that	customers	both	in	Finland	and	abroad	are	the	most	beneficial	actor	group	
in	the	formation	of	new	relationships.	When	the	above	finding	is	linked	to	the	knowledge	that	
the	most	important	actor	groups	in	R&D	relationships	are	currently	large	customers	both	in	
Finland	 and	 abroad,	 the	 importance	 of	 good	 relationships	 with	 large	 customers	 is	 evident.	
This	finding	is	supported	by	earlier	studies,	such	as	those	of	von	Hippel	(1978)	and	Baldwin	
et	al.	(2006),	who	recognised	customers	as	the	central	sources	of	information	and	innovations.	

Another	 important	 finding	supports	 the	assumption	that	 the	 importance	of	a	network	rela-
tionship	is	connected	with	the	strength	of	the	tie.	Moreover,	the	study	recognises	customers	as	
the	most	important	sources	of	information	and	new	contacts.	The	above	result	and	the	knowl-
edge	that	large	customers	are	observed	to	be	the	most	important	actor	group	in	R&D	relation-
ships	addresses	the	connection	between	information	sharing	and	strong	ties.	

Nevertheless,	the	results	of	the	current	study	do	not	support	several	previous	findings	by	Cov-
iello	(2006).	In	her	study,	Coviello	(2006)	claims	that	strong-tie	relationships	maintain	their	
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importance	over	a	long	time	period.	This	study	does	not	support	the	claim	of	Coviello	(2006)	
when	the	connection	is	tested	against	the	revenue	growth	of	a	firm,	and	strong-tie	relation-
ships	show	a	negative	connection	when	the	dependent	variable	is	related	to	employment.	Fur-
ther	analysis	suggests	that	the	negative	connection	can	be	associated	with	R&D	relationships	
and	marketing	and	distribution	relationships.	Increasing	R&D	relationship	activity,	which	has	
a	significant	positive	connection	with	the	growth	rate,	renders	this	finding	interesting.

Contrary	to	the	findings	of	the	negative	connection	between	long-term	relationships	and	firm	
growth,	 this	 study	 found	 support	 for	 the	hypotheses	 that	 there	 is	 a	positive	 connection	be-
tween	these	relationships	and	the	share	of	exports.	In	particular,	the	connection	between	ac-
tive	R&D	relationships	and	the	share	of	exports	is	significantly	positive.	In	this	case,	the	im-
portance	of	foreign	actors	in	the	formation	of	new	foreign	relationships	additionally	supports	
the	hypothesis	that	existing	strong	ties	are	beneficial	in	the	internationalisation	of	operations.	
The	analysis	shows	that	the	importance	of	foreign	customers	and	foreign	distributors	and	re-
tailers	in	the	formation	of	new	co-operational	relationships	is	evident.	However,	the	study	did	
not	find	support	for	the	hypothesis	regarding	the	connection	between	increasing	relationship	
activity	and	the	share	of	exports.	The	reason	for	this	result	is	not	clear,	but	it	could	be	relat-
ed	to	the	measurement,	which	does	not	account	for	the	change	in	internationalisation;	on	the	
contrary,	the	instrument	measures	previous	success.

The	analysis	of	 the	 important	 information	sources	 found	that	public	research	 institutes	and	
universities	 are	 not	 among	 the	 most	 important	 actors,	 although	 pre-existing	 studies	 have	
claimed	their	importance	in	innovation	networks	(Pittaway	et	al.,	2004,	Ferrary	and	Granovet-
ter,	2009).	This	result	suggests	that	the	flow	of	information	between	these	organisations	and	
the	firms	is	not	at	an	optimal	level	and	that	the	findings	of	research	organisations	are	not	com-
mercialised	as	intended.	However,	scientific	journals	and	trade	or	technical	publications	are	
the	third	most	important	sources	of	information.	This	inconsistency	may	result	from	the	pri-
mary	interests	of	the	firms	in	results	and	less	interest	in	what	is	currently	occurring	in	their	
field	or	what	topics	leading	scholars	are	currently	researching.	

Finally,	one	implication	of	this	study	is	the	importance	of	customers	and	the	sources	within	
firms.	This	implication	suggests	that	internal	R&D	activities	are	at	a	high	level.	The	contrast	
between	the	importance	of	internal	and	external	R&D	sources	(e.g.,	universities	and	research	
institutions)	is	noteworthy.	The	findings	suggest	that	the	internal	research	of	several	firms	is	
isolated	from	external	research	operations.	

7.2 Limitations of the study
 
Generalisability

This	study	has	several	limitations	that	should	be	recognised;	thus,	this	section	discusses	gen-
eralisability,	methodology,	and	the	data.	Issues	regarding	the	generalisability	of	this	study	arise	
from	its	scope,	as	the	subjects	are	Finnish	or	originally	Finnish-owned	firms;	hence,	the	re-
view	is	geographically	limited.	This	limitation	may	influence	the	generalisability	of	the	results,	
as	 country-specific	 and	 cultural	 issues	 may	 affect	 networking	 activity	 with	 different	 actors.	
For	instance,	previous	studies	have	claimed	that	the	degree	of	reliance	on	strong-tie	relation-
ships	depends	on	the	cultural	context	(Bolton	et	al.,	1994,	Nooteboom,	2000).	
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The	scope	also	restricted	the	study	to	exploring	the	networks	of	firms	that	exploit	at	least	one	
of	 the	 three	 specific	 technologies.	 These	 technologies	 were	 nanotechnologies,	 environmen-
tal	technologies,	and	renewable	energy	technologies.	The	technology	limitations	of	this	study	
combined	with	the	country	limitation	limited	the	possible	sample	size	to	120	firms.	A	larger	
sample	size	would	have	enhanced	the	reliability	and	generalisability	of	the	statistical	analysis	
that	was	used	in	the	regression	analysis.	However,	the	response	rate	of	the	survey	was	43%,	and	
the	representativeness	of	this	study	is	thus	excellent.	Furthermore,	the	importance	of	and	in-
terest	in	these	technology	sectors	counterweight	the	possible	limitations	that	the	sample	size	
imposes	to	a	certain	degree.	

The	final	issue	is	a	possible	selection	bias	that	could	have	arisen	from	identifying	a	quite	large	
number	of	firms	that	operate	in	the	investigated	technology	sectors	because	firms	with	no	con-
nections	to	the	Finnish	Centre	of	Expertise	Programmes	(Oske)	or	to	the	Finnish	Funding	Agen-
cy	for	Technology	and	Innovation	(Tekes)	may	have	been	identified,	as	Oske	and	Tekes	were	the	
two	most	important	information	sources	when	the	potential	interviewees	were	recognised.

Methodology

This	research	used	various	methods	to	enhance	the	reliability	of	the	study.	Of	the	two	most	im-
portant	methods,	the	first	method	employed	both	revenue	and	employment	growth	to	meas-
ure	the	growth	rate	of	the	firms.	The	second	method	involved	performing	the	probit	regres-
sions	in	addition	to	the	OLS	regressions.

The	use	of	both	revenue	and	employment	is	justified,	as	the	revenue	growth	data	are	availa-
ble	from	only	48	of	53	firms,	and	the	employment	growth	data	from	only	52	of	53	firms.	Fur-
thermore,	 during	 2008	 and	 2009,	 the	 Finnish	 economy	 suffered	 a	 downturn,	 which	 affect-
ed	the	revenues	of	the	firms	than	more	adversely	employment	(Rautio	and	Kivimäki,	2010).	
This	effect	may	have	skewed	the	initial	state	of	the	analysis	when	only	the	revenue	growth	rate	
was	used.	In	addition,	during	the	data	collection,	it	was	noted	that	some	firms	had	not	added	
their	revenues	from	licenses	as	revenue	in	their	financial	statements;	this	omission	may	have	
skewed	the	revenue	growth	rates.	In	addition,	based	on	the	financial	reports,	some	firms	re-
port	only	their	gross	margins	and	do	not	report	their	revenues	at	all.	With	the	use	of	both	rev-
enue	and	employment	growth	measures	in	parallel,	the	credibility	of	the	study	increased.

The	control	variables,	which	were	created	 to	measure	 the	connection	between	a	 firm	and	a	
technology,	may	have	limitations	because	they	were	formed	based	on	the	personal	views	of	the	
interviewees.	Despite	the	possible	weaknesses	of	this	approach,	it	was	viewed	as	the	most	re-
liable	method	because	no	objective	measures	were	available.	Second,	these	control	variables	
measure	two	different	connections	between	firms	and	technologies.	These	variables	measure	
the	usage	of	a	technology	and	the	usage	of	a	firm’s	products	in	certain	technology	sectors.	For	
instance,	one	firm	can	use	nanotechnology	in	their	products,	whereas	another	firm	may	pro-
duce	state-of-the-art	components	that	are	used	exclusively	in	wind	turbines,	which	represent	
renewable	energy	technologies	in	this	study.	In	addition,	the	distinction	between	environmen-
tal	technologies	and	renewable	energy	technologies	is	unclear.	This	issue	was	perceived	when	
the	variables	were	formed;	hence,	the	variables	are	not	exclusionary.

Finally,	this	study	aspired	to	pre-empt	possible	causality	issues	by	concentrating	on	different	
actor	groups	to	create	the	activity	measures.	Consequently,	the	increasing	number	of	relation-
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ships	with	actors	within	the	same	group	does	not	affect	the	activity	measures	if	the	importance	
level	remains	stable.	Thus,	causality	concerns	are	reconciled	in	this	study.

Data

This	study	includes	data	from	two	sources.	First,	data	were	collected	from	the	survey;	second,	
financial	data	were	obtained	from	a	database	that	was	compiled	by	Suomen	Asiakastieto	Oy.	
However,	the	financial	data,	specifically	the	revenue	and	employee	information,	from	the	ex-
ternal	database	contained	gaps,	as	the	newest	data	were	not	available	in	the	database.	Hence,	
the	data	that	were	necessary	to	fill	the	gaps	were	collected	from	the	interviewees.	These	da-
ta	may	be	less	reliable	than	the	data	from	the	databases	because	the	interviewees	recalled	the	
data	 from	memory.	This	same	observation	 is	valid	 for	 the	share	of	exports	and	the	share	of	
R&D,	as	this	information	was	requested	in	the	survey.	The	compilation	of	two	data	sets	cre-
ated	the	potential	for	errors	and	mistakes,	which	were	minimised	by	cross-checking	the	com-
bined	data	set.

The	data	in	the	matrix,	which	was	created	to	analyse	the	networking	activity	of	the	firms,	are	
based	on	the	opinions	of	the	interviewees;	thus,	the	data	are	vulnerable	to	misinterpretation,	
as	different	interviewees	may	have	had	different	interpretations	of	the	scale	that	was	used	to	
measure	the	activity.	This	risk	is	minimised	by	using	only	the	highest	importance	level	in	the	
key	independent	variables,	‘active’	and	‘increasingly	active’.	The	bias	may	be	more	evident	in	
the	variables	that	study	particular	relationship	types,	as	the	second	highest	importance	level	is	
also	observed	in	these	variables.

Finally,	the	study	could	have	omitted	some	independent	and	control	variables.	For	instance,	
the	regression	analysis	considers	only	the	importance	of	the	relationships,	and	the	quantities	
are	not	observed;	thus,	this	possible	omission	could	have	biased	the	results.	Furthermore,	the	
number	of	different	actors	included	in	the	activity	measures	is	limited.	Adding	the	quantities	
into	the	model	would	have	provoked	causality	issues.	However,	the	models	were	created	to	be	
representative,	and	the	number	of	variables	was	minimised	to	decrease	multicollinearity.	The	
representative	nature	of	the	models	is	also	related	to	time	issues,	as	the	length	of	the	survey	
was	a	compromise	between	research	needs	and	the	willingness	of	the	interviewees	to	respond.

7.3 Implications and further research
 
Managerial implications

This	study	offers	perspectives	on	why	networking	is	essential	for	managers	in	general	and	par-
ticularly	for	managers	of	Finnish	firms	that	operate	in	emerging	technology	areas.	The	findings	
encourage	managers	to	engage	in	active	networking	with	different	actors	within	and	outside	of	
existing	networks	and	especially	with	those	who	are	relevant	to	the	business	in	which	a	manag-
er	and	a	firm	operate.	The	results	strongly	support	the	necessity	for	managers	to	create	new	ac-
tive	co-operational	relationships.	The	reason	for	this	recommendation	is	twofold.	First,	the	ev-
olution	of	a	firm	creates	the	need	for	new	contacts	and	ties.	This	need	corresponds	to	a	change	
in	the	situation	of	a	firm,	which	can	be	regarded	as,	for	instance,	a	need	for	new	contacts	in	a	
new	market	or	a	change	in	the	technology	that	is	exploited	by	the	firm.	Second,	managers	must	
create	new	social	capital	to	replace	the	natural	depreciation	of	the	existing	social	capital.
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However,	the	suggestion	to	actively	form	new	ties	does	not	indicate	that	managers	should	aim	
to	form	a	maximum	number	of	new	ties	without	any	direction.	Rather,	managers	should	focus	
their	networking	activity	on	actors	with	whom	relationships	can	be	mutually	beneficial.	Dis-
cussions	with	network	partners	to	form	a	vision	for	the	future	of	a	business	are	useful	strat-
egies	for	recognising	future	networking	needs.	Over	time,	a	relationship	can	deepen	and	be-
come	a	strong	tie.	Nevertheless,	managers	should	also	recognise	the	potential	complications	
of	an	over-embedded	network;	 therefore,	 finding	a	balance	between	strong	and	weak	ties	 is	
important.

The	 results	 show	 that	 customers,	 scientific	 journals	 and	 trade	 publications,	 and	 conferenc-
es	and	trade	 fairs	are	 the	most	 important	 information	sources.	However,	 the	 lack	of	 impor-
tance	of	research	institutes	and	universities	as	 information	sources	 is	concerning,	especially	
given	 that	access	 to	new	 information	 is	one	of	 the	key	benefits	of	network	relationships	 for	
managers.	Nevertheless,	 the	findings	of	 this	study	offer	an	interesting	contrast	 to	the	 litera-
ture,	which	suggests	that	firms	benefit	from	forming	new	and	stronger	ties	with	the	institu-
tions	mentioned	above.	

Additionally,	 managers	 who	 are	 spanning	 networks	 have	 an	 important	 role	 in	 information	
brokering	because	these	managers	can	access	otherwise	unavailable	information	by	bridging	
unconnected	networks	and	thus	providing	a	channel	for	information	flow,	which	is	then	con-
trolled	by	these	spanners.	Therefore,	according	to	this	study,	firms	that	work	closely	with	uni-
versities	and	research	institutes	may	be	in	a	better	position	than	their	counterparts,	particular-
ly	because	the	study	showed	that	relationships	with	these	actors	are	less	developed.

Research implications

The	findings	of	this	study	contribute	to	network	research	by	adding	a	new	approach	to	study-
ing	networks;	previous	studies	have	primarily	featured	case	studies	that	have	analysed	the	net-
works	of	two	to	five	firms	or	longitudinal	studies	that	have	utilised	external	data	sources,	such	
as	patent	and	acquisition	databases,	to	define	the	evolution	of	network	ties.	The	networks	in	
this	study	were	defined	by	the	firm	managers,	and	the	information	that	was	collected	regard-
ing	the	evolution	of	the	networks	was	then	connected	with	firm	performance.	This	new	ap-
proach	provided	interesting	results,	as	the	study	found	a	statistically	significant	positive	con-
nection	between	the	growth	rate	of	the	firms	and	the	creation	of	new	strong-tie	network	rela-
tionships.

The	connection	between	strong,	long-term	co-operational	relationships	and	firm	growth	rates	
was	found	to	be	negative	in	the	analysis	and	thus	contrasts	with	the	results	of	earlier	studies,	
such	as	the	work	of	Coviello	(2006).	This	finding	indicates	that	network	relationships	should	
evolve	in	connection	with	the	evolution	of	the	needs	of	a	firm.

The	results	also	indicate	a	low	level	of	high-importance	network	relationships	with	research	
organisations.	This	result	is	contrary	to	the	views	of	earlier	studies,	which	have	asserted	the	
importance	of	those	actors	(e.g.,	Powell	et	al.	(2005),	Ferrary	and	Granovetter	(2009).	How-
ever,	the	importance	of	R&D	relationships	with	customers	is	evident.	Furthermore,	customers	
are	the	most	important	information	source	and	the	most	important	actor	group	that	assists	in	
brokering	new	co-operational	relationships.	These	findings	suggest	that	the	interviewees	re-
gard	customer	relationships	as	important;	indeed,	these	firms	appear	to	be	highly	customer-
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oriented.	 Nonetheless,	 the	 results	 suggest	 that	 relationships	 with	 research	 organisations	 are	
unimportant	to	these	firms	and	that	such	ties	are	more	likely	to	be	arm’s-length	ties.	In	addi-
tion,	most	of	the	interviewees	appear	to	lack	channels	that	provide	access	to	the	results	of	the	
most	current	Finnish	scientific	research.

The	connection	between	the	internationalisation	of	firms	and	activity	in	co-operational	rela-
tionships	is	less	evident,	but	the	results	clearly	support	the	importance	of	network	ties.	How-
ever,	 the	 results	 also	 support	 the	 claim	 that	 foreign	 network	 connections	 are	 beneficial	 for	
forming	new	connections	and	that	customer,	distributor,	and	retailer	connections	have	partic-
ularly	benefitted	foreign	operations.

From	 a	 research	 perspective,	 the	 findings	 of	 this	 study	 support	 the	 view	 that	 network	 rela-
tionships	require	further	research.	In	particular,	the	connection	between	firm	performance	or	
firm	success	and	networking	would	be	an	important	and	interesting	research	topic.	This	study	
has	offered	statistical	evidence	of	a	positive	connection	in	the	studied	environment.	Howev-
er,	an	interesting	research	frame	would	be	a	larger	and	more	homogeneous	sample	combined	
with	a	more	extensive	actor	distribution	to	be	examined	over	a	longer	period	by	periodically	
studying	current	networks.

A	second	future	research	topic	is	the	relatively	low	importance	of	universities	and	especially	
research	institutions	in	research	and	development	relationships.	Furthermore,	these	organisa-
tions	serve	as	relatively	unimportant	sources	of	information	compared	with	clients	and	scien-
tific	journals	or	trade	publications.	Both	findings	create	new	questions	that	should	be	studied	
to	 identify	 the	 issues	 that	affect	 these	phenomena	and	the	consequences,	especially	because	
the	ability	of	the	Finnish	innovation	system	to	create	economic	activity	that	is	comparable	to	
investments	in	scientific	research	is	called	into	question	(Tahvanainen	and	Nikulainen,	2011).

In	conclusion,	this	study	has	produced	new	information	and	contributed	to	the	existing	body	
of	 literature	 by	 describing	 the	 connection	 between	 networking	 and	 firm	 performance.	 The	
positive	connection	that	was	found	to	exist	between	increasing	activity	in	co-operational	rela-
tionships	and	the	growth	rates	of	firms	supports	earlier	views	that	have	claimed	that	network-
ing	is	important	for	high-growth	firms.	However,	the	results	of	this	research	should	be	further	
studied	to	better	understand	the	forces	and	concepts	behind	this	phenomenon.
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Appendices 

Appendix A:  The survey 

Interviewer:      

      

   

Firm: 

Register number:     

       

Hello, my name is [interviewer] and I am calling from the Research Institute of 

Finnish Economy. Am I disturbing you? 

We are currently studying growing technology companies and their renewal and co-

operation patterns at ETLA. Related to the research we interview business executives 

in different areas of business as widely as possible. 

The interview lasts approximately 40 minutes. Is the interview convenient now or 

later?  

The answers are confidential and the collected information about companies or 

individuals will not be published in any form.  

Interviewee:  

Phone number:  

Switchboard: 

Date:  

Time: 
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1. The survey has three parts. At first we ask some basic 
information related to your firm.  

1.1. Which of the following is your main source of income?  

− From enterprises    [_ ]  
− From consumers    [_ ]  
− From public sector    [_ ]  
− DK     [_ ] 

1.2. What is the main position of your firm in the supply chain? 

− Subcontractor (Products / services into the customer's supply) [_ ] 
− System provider (Provides modules to main contractors)  [_ ] 
− Main contractor (Seller and  designer of the final product / service) [_ ] 
− DK      [_ ] 

1.3. Does the firm operate or has it operated in an incubator or in 
a science park?      

− Yes      [_ ] 
− Yes, before     [_ ] 
− No      [_ ] 

1.4. When the firm is established?  

− Year: ____ 

1.5. When did the firm sell its first product or service to a 
customer? 

− Year:____ 

1.6.  Next shortly about the establishment of the firm... 

Yes No 
− Is the firm a spinoff of other firm?   [_ ] [_ ] 
− Is the firm based on the research or operation of your previous firm? 

     [_ ] [_ ] 
− Is the firm based on the research or operation of other firm? 

     [_ ] [_ ] 
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1.7. Is the firm a part of an enterprise group?  

− Yes      [_ ] 
− No      [_ ] 
− DK      [_ ] 

1.8. If yes, where the parent is headquartered? 

− In Finland     [_ ] 
− Abroad, where:______________    [_ ] 
− DK      [_ ] 

1.9. Which of the following describes best the firm?  

− Operates only in Finnish market    [_ ]
 --> Jump to 1.10.  

− Finland based exporter    [_ ] 
− Multinational firm     [_ ] 

1.9.1. When did you start exporting?  

− Year: ____ 

1.9.2. When did you open your first office abroad?  

− Year: ____ 

1.9.3. How large part of the revenue comes from exports exported 
from Finland?  

− _____% 

1.9.4. What is the  proportion of services of your total exports?  

− _____%    

1.10. When discussing the role of services in the business. What 
proportion of the total revenue is related to the services?  

− _____% 
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1.11. Next, we ask about the business model. In your opinion do 
your firm have a number of different business models related 
to different products or services?  

− Yes      [_ ] 
− No      [_ ] 

How would you describe your (first / second ...) business model? 

 

1.12. Do you have a client which accounts for sales of more than a 
third? 

− Yes      [_ ] 
− No      [_ ] 
− DK       [_ ] 

If yes, is it a part of the same group?    

− Yes      [_ ] 

1.13. Do you have a subcontractor which is difficult to substitute 
and accounts for purchases of more than a third?  

− Yes     [_ ] 
− No     [_ ] 
− DK      [_ ] 

If yes, is it a part of the same group?    

− Yes     [_ ] 

 
 
 
 

How would you describe your (first / second ...) business model?

Business model For own needs As service Licensing to others Self Outsourced Self Outsourced Self Outsourced
1
2
3
4
5

Else? % of 
Revenue

What your company is doing by yourself
Research and development Manufacturing Reselling Marketing

Consulting
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2. Next, we cover the firm's interorganisational networks 

2.1. Next we will discuss how your interorganisational network is 
changed over time with different actors. Please, evaluate the 
significance of the following actors for the development of 
your business in three different areas using a four-value scale, 
where 1 - Not at all important and 4 - Very important 

Example: How important the R&D co-operation with the large customers is at the 
moment? 

  R&D 

  at the moment about 3 year ago after 3 years 

  Domestic Foreign Domestic Foreign Domestic Foreign 
Large customers. Employs 
over 50 people             

Small customers             

Competitors             

Distributors             

Suppliers             

Universities             

Research Institutes             

            

Example: How important the manufacturing co-operation with the large customers 
is at the moment? 

  manufacturing 

  at the moment about 3 year ago after 3 years 

  Domestic Foreign Domestic Foreign Domestic Foreign 
Large customers. Employs 
over 50 people             

Small customers             

Competitors             

Distributors             

Suppliers             

Universities             

Research Institutes             
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Example: How important the marketing and distribution co-operation with the 
large customers is at the moment? 

  marketing and distribution 

  at the moment about 3 year ago after 3 years 

  Domestic Foreign Domestic Foreign Domestic Foreign
Large customers. Employs 
over 50 people             

Small customers             

Competitors             

Distributors             

Suppliers             

Universities             

Research Institutes             
 
              

  
Could you give an assessment of the number of the above-mentioned 
actors? 

Example: How many big co-operational customers you have currently on the 
domestic market? 

  How many? 

  at the moment about 3 year ago after 3 years 

  Domestic Foreign
Domesti

c Foreign Domestic Foreign
Large customers. Employs 
over 50 people             

Small customers             

Competitors             

Distributors             

Suppliers             

Universities             

Research Institutes             
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2.2. Next, we enquire how you are creating new co-operation 
relationships    

2.2.1. During the last three years ... do you have benefited 
significantly from existing relationships with the following actors 
when creating new co-operational relationships? 

        
        Domestic  Foreign
Customers            
Competitors            
Distributors and retailers          
Suppliers            
Science Parks, Incubators and Centres of 
Collaboration      
Business networks and clusters        
Universities            
Public research institutions        
Consultants            
ELY/TE-centres      
Venture capitalists, angels and private equity investors      
Public funders          
Relatives and close friends        

 

2.2.2. Is the role of any of the above or any other actor's role 
especially emphasised when creating relationships? Which?  

 

2.2.3. When creating relationships with actors, is the importance of 
an actor or actors increased or decreased significantly over the 
last three years? Whose? 

 

2.2.4. Are you expecting that the importance of some of the above 
mentioned actors increasing or decreasing while creating new 
relationships over the next three years?  
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2.2.5. Has the importance of foreign actors being emphasised when 
creating new relationships during the last three years? 

− Yes    [_ ] 
− No    [_ ] 
− DK    [_ ] 

2.2.6. During the last three years how important the following sources 
of information have been when creating the big picture of future 
in your industry? 1 - Not at all important and 4 - Very important 

− Within your firm or enterprise group  [__] 
− Suppliers of equipment, materials, components, or software 

    [__] 
− Clients or customers   [__] 
− Competitors or other companies in your business [__] 
− Consultants, commercial labs, or private R&D institutes [__] 
− Universities or other higher education institutions [__] 
− Government or public research institutes [__] 
− Conferences, trade fairs, exhibitions  [__] 
− Scientific journals and trade/technical publications [__] 
− Professional and industry associations  [__] 

3. Next we would inquire more of your firm's innovation 
process 

3.1. First some background information 

3.1.1. Do you practice R&D?  

− Yes    [_ ] 
− Yes as service    [_ ] 
− No    [_ ] 

3.1.2. If yes, how much of the net sales the research and development 
spending accounted for in 2010? (%) 

___% 

3.1.3. If yes, the firm's research and development employees at the 
end of 2010?  
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___people 

3.1.4. If yes, how many of those worked abroad?  

___people  

3.1.5. If yes, how much of the research and development activities has 
been outsourced to universities or other research and development 
service providers 

___% 

3.2. During the last three years, did your firm introduce 

Yes No 
− New or significantly improved producing goods? [_ ] [_ ] 
− New or significantly improved services?  [_ ] [_ ] 

3.3. Were any of your innovations during the last three years...  

Yes No DK 
− A first in Finland [_ ] [_ ] [_ ] 
− A first in Europe [_ ] [_ ] [_ ] 
− A world first  [_ ] [_ ] [_ ] 

3.4. Cyclicality of technologies and innovations 

3.4.1. How long the average development time of emerging 
technologies is?  

___years 

3.4.2. How challenging is it to anticipate the technological 
advancements?  

1 - Very easy 2  3 4 - Very challenging 

[_ ]  [_ ] [_ ] [_ ] 
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4. The last section briefly discusses the firm's operating 
environment 

4.1. Home market: Can you assess how significant the domestic 
market is for your firm as a springboard for international 
expansion? On a scale of 1 - Not at all important and 4 - Very 
important, 0 – DK 

___ 

4.2. Do you think that there is enough supporting industry in 
Finland? 

− Yes 
− No 

If no, who could be? 

5. Is your firm's goal to grow more than 50% in terms of 
employees or turnover over the next two years?  

− Yes     [  ] 
− No    [  ] 
− DK    [  ]  

     

6. Finally, I ask you to assess the extent to which you are 
applying the following technologies? On a scale of 1 - 
none and 4 - extensively  

− Biotechnology    [__] 
− Nanotechnology    [__] 
− Environmental technology   [__] 
− Renewable energy technologies   [__] 

 
− If you do not apply any of the above-mentioned technologies, then what 

technologies are you applying in your opinion? 
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If environmental technology or alternatively renewable energy technologies 

are bigger than two (2) ask specifying questions:  

6.1. Subdivision  

Environmental technologies    Yes 
− Air pollution control   [_ ] 
− Water pollution control   [_ ] 
− Solid waste management   [_ ] 

Renewable energy technologies 
− Solar     [_ ] 
− Biomass    [_ ] 
− Wind     [_ ] 
− Ocean    [_ ] 
− Geothermal    [_ ] 
− Hydropower    [_ ] 
− Other?    [_ ] 

7. How do you see the future of your firm and industry and, 
furthermore, the most important challenges? 

 

Thank you for your co-operation. A study associated with the theme will be 

published by the end of the year.  We will gladly send you the report 

electronically if you wish.  

Email:  
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