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Abstract	

This	paper	investigates	listed	and	non-listed	Nordic	firms	with	the	goal	of	revealing	a	relationship	between	

their	capital	structure	and	performance.	Previous	studies	on	the	difference	between	the	two	company	types	

suggest	that	deviations	in	performance	primarily	stem	from	organizational	distinctions	in	the	separation	of	

ownership	and	control.	However,	in	this	thesis,	capital	structure	theory	is	used	to	argue	that	the	access	and	

strategic	choices	related	to	leverage-ratios	is	the	main	structural	difference	between	listed	and	non-listed	

firms	and	that	this	must	be	a	substantial	determinant	of	the	distinctions	in	performance.	By	analyzing	panel	

data	 from	24,784	Nordic	 companies	 collected	over	eleven	years	 (2006-2016)	using	pooled	ordinary	 least	

squares	(POLS),	this	notion	is	confirmed.	The	analysis	uses	eighteen	model	specifications	to	answer	twelve	

hypotheses	that	are	developed	based	on	literature	review	and	previous	empirical	findings.	The	results	of	the	

POLS	estimations	suggest	that	non-listed	firms	have	significantly	more	short-term	debt	and	significantly	less	

long-term	 debt	 than	 listed	 firms	 in	 the	 aftermath	 of	 the	 global	 financial	 crisis.	 Furthermore,	 the	 results	

indicate	that	short-term	debt	is	positively	related	to	performance	while	long-term	debt	is	negatively	related,	

implying	 that	non-listed	 firms	are	 superior	 in	performance	based	on	different	maturity	 structures.	 These	

results	are	supported	when	analyzing	the	differences	in	performance	with	and	without	leverage-ratios.	When	

debt	 is	 not	 controlled	 for,	 the	 non-listed	 firms	 significantly	 outperform	 listed	 firms	 on	 all	 performance	

measures,	which	 is	 in	 line	with	previous	research.	However,	when	debt	 is	 included	 in	the	regression,	 this	

performance	gap	is	narrowed	significantly,	suggesting	that	the	capital	structure	differences	are	explaining	

some	of	the	deviations	in	the	performance	of	listed	and	non-listed	firms,	as	proposed	initially.	
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1 Introduction	

In	 the	emergence	of	 Leverage	Buyouts	 (LBO)1	 in	 the	1980s,	 an	 increasing	number	of	 firms	 changed	 their	

capital	structure	by	substituting	public	equity	with	debt	(Jensen,	1989;	Capasso,	Rossi,	&	Simonetti,	2006).	

This	development	motivated	researchers	to	look	deeper	into	the	difference	between	listed	and	non-listed	

companies	(Mayers	&	Alexander,	1991;	Mikkelson,	Partch,	&	Shah,	1997;	Pagano,	Panetta,	&	Zingales,	1998;	

Claessens	&	Tzioumis,	2006).	Many	have	investigated	the	effects	of	separation	of	ownership	and	control	on	

the	difference	in	performance	between	listed	and	non-listed	companies		(Jensen,	1989;	Mayers	&	Alexander,	

1991;	Degeorge	&	 Zeckhauser,	 1993;	 Rondi,	 Sembenelli,	&	 Zanetti,	 1994;	 Rijken,	 Booij,	&	Buckley,	 1999;	

Kirchmaier	&	Grant,	2005;	Capasso,	Rossi,	&	Simonetti,	2006).	However,	so	far,	the	majority	of	studies	on	

listed	and	non-listed	companies	have	failed	to	find	the	sources	of	the	differences	in	performance	between	

the	two	firm	types.	This	lack	of	empirical	evidence	suggests	that	there	are	other	factors	causing	the	difference	

in	performance	of	listed	and	non-listed	companies.	To	look	at	the	situation	today,	recent	studies	have	shown	

that	the	number	of	IPO’s	in	the	Nordics	has	been	stable	the	last	years	(EY,	2018).	However,	 in	the	United	

States,	companies	that	traditionally	would	have	gone	public	are	staying	private.	According	to	CNBC,	listings	

in	the	U.S.	dropped	by	50%	from	1996	to	2016	(Rasmussen,	2017).	This	trend	implies	that	there	might	be	a	

connection	 between	 the	 firms’	 organizational	 form	 and	 performance,	 which	 serve	 as	 a	 motivation	 to	

investigate	the	deviations	between	listed	and	non-listed	firms.	

The	primary	financial	difference	between	listed	and	non-listed	firms	is	assumed	to	be	the	access	to	equity	

and	sensitivity	to	market	fluctuations.	Listed	firms	are	noted	on	a	stock	exchange,	which	enables	them	to	

issue	equity	in	the	capital	market,	implying	that	privately	held	companies	have	lower	access	to	equity	than	

public	companies.	On	the	other	hand,	the	equity	in	non-listed	firms	is	not	as	sensitive	to	market	fluctuations	

as	for	listed	companies.	Furthermore,	listed	firms	are	imposed	regulations,	listing	fees,	and	other	expenses	

associated	with	mandatory	disclosures.	These	differences	imply	deviations	in	the	capital	structure	of	listed	

and	non-listed	firms.	Further,	most	research	find	significant	evidence	that	non-listed	firms	perform	better	

than	 listed	 firms	 (Degeorge	 &	 Zeckhauser,	 1993;	 Jain	 &	 Kini,	 1994;	 Mikkelson,	 Partch,	 &	 Shah,	 1997).	

Combining	these	properties	lead	to	the	notion	that	deviations	in	performance	between	listed	and	non-listed	

companies	might	be	a	result	of	capital	structure	differences.	This	conception	is	what	motivates	this	paper.	

Although	 some	 researchers	 have	 investigated	 the	 difference	 in	 capital	 structure	 and	 the	 difference	 in	

performance	between	listed	and	non-listed	companies	separately,	few	have	looked	for	a	causal	relationship	

between	 capital	 structure	 and	 the	 difference	 in	 performance	 between	 the	 two	 firm	 types	 (Claessens	 &	

Tzioumis,	2006;	Hall	&	Joergensen,	2015).	
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There	exist	several	theories	on	how	capital	structure	relates	to	performance.	In	the	1950s,	when	Modigliani	

&	 Miller	 (1958)	 presented	 their	 irrelevance	 theorem,	 the	 research	 on	 capital	 structure	 intensified.	

Throughout	 the	 second	 half	 of	 the	 20th	 century	 and	 the	 beginning	 of	 the	 2000s,	 several	 theories	 have	

emerged	 from	 the	 capital	 structure	 discussion	 where	 the	 Trade-off	 Theory,	 the	 Pecking	 Order	

Theory,	the	Agency	Theory,	and	the	Market	Timing	Theory	have	proven	to	be	the	outmost	supported.	These	

theories	have	different	interpretations	of	how	the	firms'	capital	structure	is	determined	and	how	it	relates	

to	 performance.	 Despite	 their	 differences,	 they	 all	 agree	 that	 leverage	 has	 a	 significant	 impact	 on	

performance	in	the	real	world.	Empirical	findings	on	the	subject	have	been	widely	conflicting,	but	many	have	

succeeded	in	revealing	a	significant	relationship	between	the	firms’	leverage	and	performance	(Robichek	&	

Myers,	1966;	Shyam-Sunder	&	Myers,	1999;	Salim	&	Yadav,	2012).	The	differences	between	listed	and	non-

listed	firms	and	the	fact	that	there	is	a	significant	relation	between	leverage	and	performance,	motivates	the	

investigation	performed	in	this	paper.	Specifically,	the	paper	will	study	the	differences	in	performance	and	if	

these	 are	 caused	by	distinctions	 in	 capital	 structures.	 By	 empirically	 investigating	 the	 theories	 on	 capital	

structure,	it	might	be	possible	to	determine	if	and	to	what	degree	the	firms’	capital	structure	have	an	effect	

on	potential	differences	in	performance	of	listed	and	non-listed	companies.	

The	outcome	of	such	an	empirical	analysis	will	depend	on	the	period	of	study.	Previous	research	has	shown	

that	financial	downturns	create	a	valuable	basis	to	investigate	firm	data	because	it	magnifies	effects	and	that	

theories	often	fail	to	explain	the	dynamics	of	the	market	(Mitton,	2002;	Desender,	Cestona,	&	Cladera,	2008;	

Kashyap	&	Zingales,	2010;	Demirguc-Kunt,	Martinez-Peria,	&	Tressel,	2015).	A	financial	crisis	is	characterized	

by	 shortage	 of	 capital	 and	 increased	 risk	 in	 the	 market,	 forcing	 firms	 to	 critically	 consider	 their	 capital	

structure.	 By	 investigating	 listed	 and	 non-listed	 companies	 before,	 during,	 and	 after	 the	 global	 financial	

crisis	of	2008,	it	can	be	revealed	if	firms	change	their	capital	structures	towards	a	normalized	level	after	the	

crisis.	

To	 correctly	 estimate	 the	 casual	 relationship	 between	 capital	 structure	 of	 firms	 and	 their	 performance,	

various	other	factors	must	be	controlled	for.	Several	studies	have	pointed	out	the	importance	of	judicial	and	

banking	 systems,	 as	well	 as	 other	 geographical	 factors	 for	 the	 firms	 to	 be	 comparable	 (Porta,	 Lopez-De-

Silanes,	Shleifer,	&	Vishny,	1997;	Baker	&	Martin,	2011;	Fan,	Titman,	&	Twite,	2012;	Lepore,	Paolone,	Pisano,	

&	Alvino,	2017).		The	differences	between	countries	have	proven	to	be	especially	evident	between	Nordic	

and	non-Nordic	countries,	which	motivates	the	geographical	delimitation	of	this	paper	to	only	include	Nordic	

firms	(Bancel	&	Mittoo,	2004).	

	



The	Performance	and	Capital	Structure	of	Listed	and	Non-Listed	Companies	 	

7	
	

 Problem	Statement	

As	discussed	initially,	previous	researchers	have	argued	that	listed	and	non-listed	firms	differ	in	their	capital	

structures	 and	 performance.	 Capital	 structure	 theories	 suggest	 that	 a	 firm’s	 level	 of	 debt	 affects	 the	

performance	 which	 is	 supported	 by	 findings	 from	 several	 empirical	 studies.	 These	 findings	 motivate	 an	

investigation	of	causality	between	capital	structure	differences	of	listed	and	private	firms	and	their	difference	

in	performance.	This	paper	aims	to	examine	whether	this	causal	relationship	is	present	by	analyzing	Nordic	

firms	before,	during,	and	after	 the	global	 financial	 crisis	of	2008.	The	 issue	 is	 formalized	 in	 the	 following	

problem	statement:	

	

Does	performance	of	listed	and	non-listed	Nordic	firms	differ	due	to	distinctions	in	capital	structure?	

	

To	 answer	 the	 overall	 problem	 statement,	 several	 research	 questions	 will	 be	 investigated,	 enabling	 a	

comprehensive	evaluation	of	the	problem.	

	

 Research	Questions	

To	reveal	if	there	is	a	difference	in	performance	of	listed	and	non-listed	companies	and	if	these	differences	

are	caused	by	distinctions	in	capital	structures,	a	series	of	research	questions	will	be	analyzed.	The	paper	will	

start	out	by	investigating	if	the	financial	crisis	changed	the	leverage	of	listed	and	non-listed	firms	(RQ.1.A).	

By	 revealing	 a	 relationship	 between	 debt	 and	 the	 financial	 crisis,	 the	 period	 of	 study	 will	 be	 justified.	

Following	this,	a	review	of	their	capital	structures	will	be	performed	(RQ.1.B).	To	answer	if	the	difference	in	

performance	between	listed	and	non-listed	firms	is	due	to	distinctions	in	capital	structure,	it	must	first	be	

revealed	 if	 their	 capital	 structures	 are	 significantly	 different.	 Supported	 by	 the	 notions	 surrounding	 the	

financial	crisis,	this	investigation	will	focus	on	the	period	after	the	crisis.	Further,	it	will	be	analyzed	whether	

the	assumption	that	capital	structure	affects	the	performance	of	Nordic	firms	can	be	confirmed	(RQ.2.A).	

When	this	is	answered,	the	paper	will	investigate	if	this	effect	differs	based	on	company	type,	ensuring	that	

the	general	assessment	is	applicable	to	both	listed	and	non-listed	firms	(RQ.2.B).	Finally,	the	analysis	attempt	

to	reveal	if	the	performance	of	listed	and	non-listed	firms	is	significantly	different	and	thus	test	the	notion	

that	their	performance	deviate	due	to	capital	structure	differences	(RQ.2.C).		
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Investigating	these	aspects	in	the	following	order	will	enable	an	answer	to	the	overall	problem	statement:	

	

RQ.1.A Was	 capital	 structure	 in	Nordic	 firms	 significantly	 affected	 by	 the	 2008	 global	 financial	

crisis?	

RQ.1.B Is	there	a	significant	difference	in	the	capital	structure	of	listed	and	non-listed	firms	in	the	

aftermath	of	the	global	financial	crisis	of	2008?	

	

RQ.2.A Does	capital	structure	have	a	significant	effect	on	the	performance	of	Nordic	firms?	

RQ.2.B Is	the	effect	of	capital	structure	on	performance	significantly	different	for	listed	and	non-

listed	firms?	

RQ.2.C Is	there	a	significant	difference	in	the	performance	of	listed	and	non-listed	companies?	

	

These	questions	will	be	answered	through	empirical	analysis	of	the	24,784	Nordic	firms.	Research	question	

1.A	and	1.B	attempt	to	reveal	the	relationship	between	the	financial	crisis	of	2008	and	the	level	of	debt,	while	

research	 question	 2.A,	 2.B,	 and	 2.C	 investigate	 performance	 and	 its	 relation	 to	 capital	 structure	 and	

organizational	form.	The	analysis	will	have	a	deductive	approach	by	studying	a	number	of	hypotheses	derived	

from	a	literature	review	of	previous	research.	

	

 Delimitations	

Due	to	the	scope	of	this	paper,	a	number	of	delimitations	are	undertaken.	Overall,	 it	 is	assumed	that	the	

reader	has	a	certain	level	of	knowledge	within	the	fields	of	economics,	finance,	and	econometrics.	Further,	

there	are	delimitations	made	related	to	the	data	collection	and	the	scope	of	analysis.	These	delimitations	will	

be	discussed	in	the	following	section.	

Previous	studies	have	identified	several	geographical	factors	contributing	to	differences	in	capital	structure	

between	countries.	Factors	such	as	legal	and	banking	systems,	restrictions	on	bank	entry,	information	sharing	

mechanisms,	 investor	protection	 laws,	and	bankruptcy	 laws	are	 found	 to	be	 significantly	different	across	

countries	(Rajan	&	Zingales,	1995;	Demirguc-Kunt,	Martinez-Peria,	&	Tressel,	2015).	Fan,	Titman,	and	Twite	

(2012)	found	that	a	country’s	legal	system,	public	government,	the	level	of	corruption,	and	preferences	of	

capital	supplier	affect	a	firm’s	capital	structure	(Fan,	Titman,	&	Twite,	2012).	As	previous	studies	have	found	

significant	differences	in	capital	structures	between	countries,	this	study	will	limit	the	data	collection	to	an	

area	of	similar	political,	legal,	and	economical	systems.	Specifically,	the	thesis	will	cover	the	Nordic	countries,	
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including	Norway,	Denmark,	Sweden,	Finland,	and	Iceland.	This	delimitation	will	be	further	discussed	in	an	

investigation	of	the	macroeconomic	environments	in	section	5.2.	

The	period	of	this	analysis	covers	the	global	financial	crisis	to	see	the	effects	of	a	period	of	recession.	Our	

motivation	to	use	the	chosen	period	is	that	the	capital	structure	of	firms	after	the	financial	crisis	is	considered	

to	be	normalized,	as	firms	are	forced	to	critically	consider	their	capital	structures	as	a	reaction	to	the	financial	

crisis.	Therefore,	all	aspects	of	 the	 financial	crisis	deemed	non-relevant	 in	 this	study	are	not	discussed.	A	

detailed	description	and	discussion	about	the	term	defined	as	the	financial	crisis	can	be	found	in	section	5.1.	

Moreover,	some	specific	industries	are	left	out	of	the	dataset,	including	financial	and	insurance	companies.	

This	is	because	their	capital	structure	is	not	comparable	to	non-financial	firms	due	to	regulations	on	minimum	

capital	which	affects	the	capital	structure.	Besides,	tech-firms	are	avoided	as	these	firms	have	exceptionally	

high-growth	 opportunities,	 but	 also	 high	 risk	 due	 to	 the	 immature	 nature	 of	 the	 industry.	 Lastly,	 oil	

companies	are	not	included,	because	their	results	are	highly	sensitive	to	the	global	oil	prices,	which	is	not	

controlled	for	in	the	analysis.	

In	addition	to	the	limitations	on	the	companies	and	the	time	period,	restrictions	are	made	on	the	choice	of	

variables.	Debt	is	measured	by	non-current	liabilities,	which	include	long-term	debt	and	other	non-current	

liabilities,	 and	 current	 liabilities,	which	 covers	 loans,	 creditors,	 and	other	 current	 liabilities	 (Orbis,	 2018).	

Further,	 it	 is	 not	 distinguished	 between	 bank	 financing	 and	 bond	 financing	 or	 different	 types	 of	 funding	

classified	 as	 liabilities.	 This	 is	 because	 of	 limited	 access	 to	 data.	 The	 analysis	 is	 further	 limited	 to	 the	

performance	measures	ROA,	ROE,	and	ROCE,	which	is	discussed	in	section	7.	

Furthermore,	 differences	 in	 corporate	 governance	 between	 listed	 and	 non-listed	 companies	 are	 not	

discussed.	 Therefore,	 the	 analysis	 does	 not	 investigate	 the	 effect	 on	 the	 performance	 of	 any	 changes	 in	

corporate	governance	structure	or	ownership	structure	but	concentrates	on	the	relation	between	capital	

structure	and	performance	of	the	firms.		

Lastly,	there	are	some	limitations	made	to	the	relationships	investigated	in	this	paper.	Specifically,	as	this	

paper	 focus	on	 the	 relationship	between	capital	 structure	and	performance,	 there	 is	a	 limited	discussion	

regarding	determinants	of	capital	structure.	This	is	instead	proposed	as	an	area	of	future	research	in	section	

12.	In	addition	to	this,	the	investigation	of	the	effect	of	leverage	on	performance	is	limited	by	assuming	a	

linear	relationship.	Previous	studies	that	review	the	trade-off	theory	allow	for	non-linearity	to	check	if	there	

is	 a	 concave	 relationship	between	debt	 and	performance	 (as	will	 be	discussed	 in	 section	6.1.2).	 Such	 an	

investigation	will	 not	 take	place	 in	 this	paper	because	 it	 is	 attempted	 to	 reveal	 a	 source	of	difference	 in	

performance	of	listed	and	non-listed,	not	to	investigate	the	validness	of	the	theories.	
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2 Methodology	

 Research	Strategy	

This	 section	aims	 to	show	what	considerations	 that	have	been	made	 in	 the	process	of	 this	 research.	 It	 is	

discussed	 whether	 theory	 guides	 the	 research	 or	 if	 the	 theory	 is	 an	 outcome	 of	 the	 research.	 Further,	

epistemological	 and	 ontological	 considerations	 are	 discussed.	 Thereafter,	 it	 is	 concluded	 what	 type	 of	

research	strategy	that	is	most	suitable	for	this	study.	

		

Figure	1	-	Research	Strategy	–	Source:	Own	Contribution	(Bryman	&	Bell,	2011,	p.	29)	

	

2.1.1 Deductive	and	Inductive	View	

According	to	Bryman	and	Bell	(2011),	there	are	two	different	views	on	the	relationship	between	theory	and	

research,	namely	deductive	and	inductive	(Bryman	&	Bell,	2011).	This	thesis	is	based	on	empirical	financial	

data	from	Nordic	firms	and	aims	to	test	hypotheses	deduced	from	theoretical	considerations.	This	approach	

implies	that	the	thesis	takes	a	deductive	empirical	approach.	The	process	of	deduction	can	thus	be	summed	

up	in	the	following	figure:	

	

Figure	2	-	Deductive	Approach	-	Source:	Own	Contribution	(Bryman	&	Bell,	2011,	p.	11)	

	

2.1.2 Epistemological	Considerations	

Epistemological	considerations	regard	questions	of	what	is	acceptable	knowledge	(Bryman	&	Bell,	2011).	A	

central	 issue	 in	this	context	 is	how	the	social	world	can	be	studied.	According	to	Bryman	and	Bell	 (2011),	
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there	are	two	different	primary	stances.	The	first	one	is	positivism,	which	supports	the	application	of	natural	

sciences	to	studies	of	the	social	reality.	In	other	words,	positivism	emphasize	empirical	data	and	scientific	

methods	when	investigating	the	real	world,	meaning	that	the	researcher	can	deduce	knowledge	about	the	

real	world	by	observing	it.	

In	this	study,	the	theory	is	used	to	generate	hypotheses,	which	are	tested	with	the	collected	data,	followed	

by	an	assessment	of	empirical	findings.	Therefore,	the	epistemological	position	is	positivistic.	According	to	

Bryman	and	Bell,	a	deductive	approach	is	usually	associated	with	a	positivistic	epistemological	position.	The	

positivistic	position	is	justified	by	the	assumption	that	the	data	used	in	the	study	is	objective.	

	

2.1.3 Ontological	Considerations	

Ontological	 considerations	 questions	 whether	 social	 entities	 can	 be	 considered	 objective	 or	 as	 social	

constructions	built	from	the	perceptions	and	actions	of	internal	social	actors	(Bryman	&	Bell,	2011).	In	this	

case,	the	Nordic	companies	are	the	social	entities.	Bryman	and	Bell	(2011)	distinguish	between	two	distinct	

positions,	namely	objectivism	and	constructionism.	Objectivism	implies	that	the	firms	act	as	external	facts	

beyond	our	reach	or	influence	(Bryman	&	Bell,	2011).	Constructionism	is	an	ontological	position	suggesting	

that	 the	 firms	and	their	meanings	are	 in	a	constant	state	of	 revision.	This	means	that	 firms	are	a	socially	

constructed	product,	created	and	changed	by	the	internal	actors.	

This	study	has	an	objective	ontological	position,	as	it	 is	believed	that	the	firms,	the	management,	and	the	

employees	are	conforming	to	standardized	procedures,	rules,	and	regulations	that	can	be	viewed	as	tangible	

objects	independent	of	its	social	actors.	

	

2.1.4 Research	Strategy	

Bryman	 and	 Bell	 (2011)	 specify	 two	 different	 types	 of	 research:	 quantitative	 and	 qualitative	 research.	

Quantitative	research	 is	a	strategy	that	emphasizes	quantification	 in	the	data	collection	and	analysis.	The	

strategy	 is	 usually	 associated	 with	 a	 deductive	 approach,	 positivistic	 epistemological	 position,	 and	 an	

objective	 ontological	 position	 (Bryman	 &	 Bell,	 2011).	 By	 contrast,	 qualitative	 research	 strategy	 usually	

emphasizes	 words	 in	 the	 collection	 and	 analysis	 of	 data	 and	 is	 associated	 with	 an	 inductive	 approach,	

interpretivism,	and	a	constructive	ontological	position	(Bryman	&	Bell,	2011).	

In	this	study,	a	quantitative	research	strategy	is	considered	to	be	more	suitable	as	it	aims	to	investigate	a	

problem	that	relates	to	financial	data.	Further,	the	study	examines	the	relationship	between	theories	and	
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research,	in	which	testing	of	hypotheses	is	emphasized.	The	entities	in	the	study,	which	are	the	firms	that	are	

investigated,	 are	 viewed	 as	 independent	 of	 its	 social	 actors.	 According	 to	Bryman	and	Bell	 (2011),	 these	

factors	leans	toward	a	quantitative	approach.	

	

2.1.5 Summary	of	Business	Research	

To	sum	up,	the	thesis	takes	a	deductive	empirical	approach,	a	positivistic	epistemological	position,	and	the	

ontological	considerations	are	objective.	Based	on	these	considerations,	a	quantitative	research	strategy	is	

most	suitable.	An	overview	of	the	reviews	that	have	been	made	in	the	process	of	the	business	research	is	

presented	in	the	following	table:	

Theory	 à	 Deductive	

Epistemological	considerations	 à	 Positive	

Ontological	considerations	 à	 Objective	

Research	strategy	 à	 Quantitative	

Table	1-	Business	Research	Overview	–	Source:	Own	Contribution	

	

3 Thesis	Structure	

As	discovered	in	the	previous	section,	the	thesis	will	have	a	deductive	approach	to	theory.	This	implies	that	

the	analysis	will	use	existing	theory	and	previous	studies	to	develop	hypotheses.	The	paper	will	thus	start	by	

reviewing	background	information	in	section	5	and	continue	with	an	analysis	of	existing	literature	in	section	

6.	Following	the	literature	review,	an	analysis	of	the	variables	that	will	be	used	in	the	regression	analyses	will	

be	performed	in	section	7,	based	on	the	discoveries	of	the	foregoing	sections.	The	findings	from	sections	5,	

6,	and	7	will	be	used	to	develop	the	hypotheses	in	section	8.	The	thesis	has	a	quantitative	research	strategy,	

implying	that	the	hypotheses	will	be	answered	through	an	empirical	analysis.	To	ensure	that	the	empirical	

results	will	answer	the	hypotheses,	the	models	will	be	specified	based	on	a	review	of	econometric	theory	

and	statistical	tests	in	section	9.	The	results	from	these	models	will	then	be	presented	in	section	10,	together	

with	an	assessment	of	the	hypotheses.	The	robustness	of	these	results	will	then	be	tested	in	a	number	of	

checks	in	section	11.	Ultimately,	the	thesis	reaches	its	conclusion	in	section	12,	followed	by	suggestions	to	

future	research	in	section	13.		An	overview	of	the	thesis	structure	is	presented	in	figure	3.	
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Figure	3	-	Thesis	Structure	–	Source:	Own	Contribution	
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4 Data	Collection	

To	answer	the	research	questions	of	this	study,	quantitative	data	will	be	empirically	analyzed.	The	primary	

data	sources	of	this	study	are	Orbis	by	Bureau	van	Dijk,	Bloomberg,	and	the	Organization	for	Economic	Co-

operation	 and	 Development	 (OECD).	 The	 financial	 firm-specific	 data	 used	 in	 this	 study	 is	 collected	 from	

Bureau	van	Dijk	through	their	database	Orbis.	They	provide	financial	and	ownership	data	for	both	listed	and	

non-listed	companies	with	information	from	more	than	280	million	companies	on	a	global	level	(Orbis,	About	

Orbis,	 2018).	 Bloomberg	 delivers	 business	 and	 markets	 news,	 data,	 analysis,	 and	 videos.	 Bloomberg	

professional,	the	terminal	that	is	used	to	collect	macroeconomic	variables	to	this	study,	are	providing	market	

and	firm	data	and	analytics	on	a	global	level	(Bloomberg,	About	Bloomberg	Professional,	2018).	OECD	provide	

statistics	on	economic	 variables	 for	 countries	worldwide.	 The	organization	has	grown	 to	 consist	of	2,500	

people,	publishing	approximately	250	publications	every	year	(OECD,	About	OECD,	2018).	Bloomberg	and	

OECD	were	used	 to	gather	 country-specific	macroeconomic	data	 for	each	of	 the	Nordic	 countries.	 These	

macroeconomic	data	have	been	used	to	evaluate	the	economic	conditions	in	the	Nordic	countries.	

This	research	is	built	on	data	from	the	sources	above,	making	it	a	secondary	analysis,	meaning	that	it	is	an	

analysis	of	data	provided	by	people	who	have	not	been	involved	in	the	collection	of	the	specific	data	(Bryman	

&	Bell,	2011).	Advantages	of	secondary	data	are	first	of	all	that	it	is	time	and	cost	saving	as	the	data	is	already	

systematically	sorted.	However,	there	are	also	some	limitations	when	using	secondary	data,	such	as	lack	of	

familiarity	with	the	data,	the	complexity	of	the	data,	the	absence	of	critical	variables,	measurement	errors,	

and	less	control	over	the	quality	of	data	(Bryman	&	Bell,	2011).	The	databases	that	are	used	to	gather	data	

for	this	study	have	a	large	amount	of	data	available,	including	different	versions	of	the	same	variables	which	

can	complicate	the	collection.	Further,	specific	 important	variables	may	not	be	 included	 in	the	secondary	

data.	Despite	these	limitations,	the	data	is	considered	to	be	of	high	quality	and	from	reliable	providers,	as	

these	sources	are	being	frequently	used	by	researchers.	

All	the	firm-level	financial	variables	used	in	this	study	are	collected	from	Orbis.	The	data	was	collected	from	

two	 different	 databases	 due	 to	 the	 limited	 historical	 period	 of	 the	 online	 database,	 which	 had	 some	

implications	on	the	collection.	First	of	all,	the	most	recent	database	was	used	as	long	as	possible	and	the	data	

from	the	older	database	was	only	 collected	 if	necessary.	 Further,	 short-term	debt	was	not	available	as	a	

separate	accounting	number	in	both	databases,	which	is	one	reason	why	non-current	liabilities	and	current	

liabilities	are	used	as	measures	for	long-term	debt	and	short-term	debt,	respectively.	
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Several	 financial	numbers	are	gathered	 for	 companies	 in	 the	Nordic	 countries	 from	2006	 to	2016.	 In	 the	

selection	of	the	sample	of	firms,	the	following	criteria	were	imposed:	

- Only	active	companies.	

- Only	companies	in	the	Nordics,	including	Denmark,	Finland,	Iceland,	Norway	and	Sweden.	

- The	company	must	have	at	least	one	observation	of	operating	revenue,	total	assets,	long-term	debt,	

current	liabilities,	ROE,	ROA,	Intangible	Assets,	and	Tangible	Assets.	

- The	firm	is	medium,	large,	or	very	large	by	Orbis’	definition	(Orbis,	2018):	

o Very	large	companies:	

§ Operating	revenue	>=	100	EURm	(130	USDm)	

§ Total	assets	>=	200	EURm	(260	USDm)	

§ Employees	>=	1,000	

§ Listed	

o Large	companies:	

§ Operating	revenue	>=	10	EURm	(13	USDm)	

§ Total	assets	>=	20	EURm	(26	USDm)	

§ Employees	>=	150	

§ Not	very	large	

o Medium	sized	companies:	

§ Operating	revenue	>=	1	EURm	(1.3	USDm)	

§ Total	assets	>=	2	EURm	(2.6	USDm)	

§ Employees	>=	15	

§ Not	very	large	or	large	

- Companies	operating	within	the	industries	of	finance,	insurance,	oil	&	gas,	and	tech	are	excluded.	

With	these	criteria,	the	dataset	consists	of	24,784	companies	in	total.	Out	of	these,	40	are	Danish,	3,251	are	

Finnish,	850	are	Icelandic,	13,176	are	Norwegian,	and	7,468	are	Swedish.	A	total	of	246	companies	are	listed	

and	 24,539	 are	 non-listed.	 The	 dataset	 is	 unbalanced,	 as	 there	 are	 some	 missing	 observations	 in	 data	

collected	from	Orbis,	which	has	some	implications	that	are	discussed	further	in	section	9.	
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The	firms	are	distributed	across	industries	as	presented	in	table	2:	

	
Table	2	-	Overview	Industries	–	Source:	Own	Contribution	 	

In	 addition,	 some	 adjustments	 have	 been	 made	 due	 to	 what	 is	 concluded	 to	 be	 apparent	 data	 errors.	

Specifically,	the	following	variables	have	been	set	to	zero	if	negative:	

- Operating	revenue	

- Tangible	assets	

- Intangible	assets	

- Total	fixed	assets	

- Current	assets	

- Total	assets	

- Equity	

- Non-current	liabilities	

- Long-term	debt	

Industry	Code Industry	description Firms %
11 Agriculture,	Forestry,	Fishing	and	Hunting 807													 3.26%
21 Mining 185													 0.75%
22 Utilities 784													 3.16%
23 Construction 3,861										 15.58%
31-33 Manufacturing 4,479										 18.07%
42 Wholesale	Trade 4,233										 17.08%
44-45 Retail	Trade 1,933										 7.80%
48-49 Transportation	and	Warehousing 1,878										 7.58%
51 Information 729													 2.94%
52 Finance	and	Insurance -														 0.00%
53 Real	Estate	Rental	and	Leasing 637													 2.57%
54 Professional,	Scientific,	and	Technical	Services 1,169										 4.72%
55 Management	of	Companies	and	Enterprises 252													 1.02%
56 Administrative	and	Support	and	Waste	Management	and	Remediation	Services 919													 3.71%
61 Educational	Services 239													 0.96%
62 Healthcare	and	Social	Assistance 784													 3.16%
71 Arts,	Entertainment,	and	Recreation 421													 1.70%
72 Accommodation	and	Food	Services 712													 2.87%
81 Other	Services	(except	public	administration) 746													 3.01%
92 Public	Administration 16																 0.06%

24,784							 100.00%
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It	 was	 observed	 that	 some	 variables	 had	 large	 outliers.	 These	 have	 been	 removed	 by	Winsorizing1	 the	

variables,	using	the	tenth	and	the	ninetieth	percentile	as	cutoff:	

- ROA	

- ROE	

- ROCE	

- Sales	Growth	

After	these	above-mentioned	modifications	are	made	to	the	raw	dataset,	including	removal	of	apparent	data	

errors	and	outliers,	the	dataset	is	assumed	to	be	without	significant	errors.	

	

 Quality	Criteria	in	Business	Research	

As	this	paper	seeks	to	generate	knowledge	and	contribute	to	existing	literature,	it	is	important	to	assess	the	

quality	of	the	research.	To	assess	the	quality	of	the	research,	the	following	three	criteria	are	most	commonly	

used:	 reliability,	 replication,	 and	 validity	 (Bryman	&	Bell,	 2011).	 Validity	 is	 further	 separated	 into	 several	

criteria:	measurement	validity,	internal	validity,	external	validity,	and	ecological	validity.	

	

4.1.1 Reliability	and	Replication	

The	criteria	of	reliability	is	concerned	with	the	question	of	whether	the	results	of	the	study	are	repeatable,	

meaning	that	they	are	stable	(Bryman	&	Bell,	2011).	The	data	sources	used	in	this	thesis	are	considered	as	

reliable	because	they	are	all	being	used	by	companies	and	researchers	worldwide.	For	research	to	be	reliable,	

it	must	be	replicable.	Bloomberg	is	a	standard	market	data	provider	around	the	world.	It	can	be	concluded	

that	the	data	can	be	reached	by	other	researchers,	as	well	as	the	modifications	made	to	the	raw	data	in	this	

research	are	transparent,	meaning	that	other	researchers	will	be	able	to	get	the	same	results.	Therefore,	the	

study	is	considered	as	being	reliable	and	replicable.	However,	there	is	no	guaranty	that	the	data	from	Orbis	

is	accurate	for	all	data	points,	but	the	possible	errors	should	not	be	significant	to	the	overall	statistical	results.	

Also,	there	may	be	errors	because	the	data	are	collected	from	two	different	Orbis	databases.	Nevertheless,	

the	relatively	large	sample	size	of	this	study	helps	to	mitigate	the	issues	related	to	incorrect	observations.	

	

																																																													
1	Winsorizing:	”Clean	data	(...)	by	shrinking	outlying	observations	to	the	border	of	the	main	part	of	the	data”	
(RDocumentation,	2018)	
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4.1.2 Validity	

Validity	 considers	 the	 integrity	 of	 the	 results	 and	 the	 conclusions	 that	 are	 generated	 from	 the	 research	

(Bryman	 &	 Bell,	 2011).	 The	 validity	 is	 reviewed	 through	 several	 criteria:	 measurement	 validity,	 internal	

validity,	external	validity,	and	ecological	validity.		

Measurement	validity	considers	whether	a	measure	reflects	the	concept	that	it	is	supposed	to.	In	this	case,	

measurement	validity	covers	whether	the	chosen	regression	models	reflect	the	problem	defined	or	not.	This	

is	taken	into	consideration	when	specifying	the	models	in	section	9.	As	the	results	provide	answers	to	the	

research	questions,	the	measures	are	considered	as	being	valid.	

Internal	 validity	 considers	whether	 a	 conclusion	 that	 incorporates	 a	 causal	 relationship	 between	 several	

variables	 is	 valid	 (Bryman	 &	 Bell,	 2011).	 In	 this	 study,	 this	 criteria	 relates	 to	 the	 question	 if	 it	 is	 the	

independent	variable	that	is	responsible	for	the	variation	that	has	been	identified	in	the	dependent	variable.	

This	is	taken	care	of	by	performing	different	tests	and	including	different	control	variables,	specified	in	section	

7	and	section	9.	

External	validity	considers	whether	the	results	of	the	study	can	be	generalized	beyond	the	specific	research	

context,	which	is	why	it	is	crucial	for	researchers	to	generate	representative	samples	(Bryman	&	Bell,	2011).	

It	is	believed	that	the	sample	used	in	this	research	is	representative	beyond	the	specific	geographic	area.	The	

results	 should	 be	 valid	 for	 listed	 and	 non-listed	 firms	 in	 general,	 as	macroeconomic	 factors	 that	may	 be	

country-specific	is	controlled	for	with	the	dummy-variable	Country.	As	suggested	in	section	13,	an	analysis	of	

a	greater	geographical	area	can	confirm	or	reject	this	notion.	

Ecological	 validity	 regards	 the	 naturalness	 of	 the	 research	 approach	 as	 it	 regards	 whether	 or	 not	 social	

scientific	 findings	 are	 applicable	 to	natural	 social	 settings.	 In	 this	 case,	 it	 reflects	 if	 the	 firms	used	 in	 the	

analysis	provide	a	representative	picture	of	the	real	world.	Specifically,	ecological	validity	ensures	that	the	

research	produces	results	that	are	both	technically	valid	and	have	something	to	do	with	what	happens	in	

everyday	life	of	the	sample	(Bryman	&	Bell,	2011).	As	the	data	is	not	made	to	be	collected	for	this	research	

but	is	collected	from	the	financial	accounting	of	firms,	it	is	concluded	that	it	is	ecologically	valid.	On	the	other	

hand,	is	not	guaranteed	that	the	firms	have	not	adjusted	the	accountings	to	communicate	better	financial	

performance	to	the	market.	
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 Data	Analysis	

Following	the	data	collection	and	structuring	of	data,	the	analysis	 is	the	next	step	towards	answering	the	

research	questions.	This	 stage	 includes	 statistical	 analysis	of	 the	data.	 Several	 statistical	programs	where	

being	assessed	for	the	study.	The	open-source	program	R	Studio	was	chosen	based	on	the	features	of	the	

software.	R	Studio	is	used	throughout	the	entire	econometric	analysis	presented	in	section	9	and	10.	

	

5 Background	Information	

This	study	aims	to	 investigate	how	changes	 in	capital	structure	affect	the	performance	of	 listed	and	non-

listed	firms,	and	if	there	is	a	significant	difference	in	the	performance	between	them.	To	capture	changes	in	

capital	structure	in	Nordic	firms,	data	from	the	period	before,	during,	and	after	the	global	financial	crisis	of	

2008	is	used.	In	order	to	develop	the	hypotheses,	a	review	of	some	background	information	is	useful.	This	

section	will	 investigate	 the	 financial	 crisis	 through	 a	 discussion	of	macroeconomic	 changes	 in	 the	Nordic	

countries.	This	assessment	will	first	be	used	to	define	the	periods	before,	during,	and	after	the	crisis.	Further,	

the	analysis	will	be	used	to	discuss	the	geographical	delimitation	through	a	comparison	of	the	countries.	

	

 Definition	of	the	Financial	Crisis	Time	Period	

The	period	of	the	global	financial	crisis	is	defined	based	on	the	changes	in	the	growth	of	the	gross	domestic	

product	(GDP)	in	all	the	Nordic	countries.	GDP	is	a	measure	of	the	final	market	value	of	all	goods	and	services	

produced	in	a	country	and	is	the	most	frequently	used	indicator	of	economic	activity.	“Gross”	indicates	that	

no	deduction	has	been	made	for	the	depreciation	of	assets	used	in	production	(Lavin,	2017).	

Figure	4	shows	GDP	per	capita,	measured	in	US	dollars	at	current	prices	and	purchasing	power	parities	(OECD,	

Gross	Domestic	Product,	2018).	The	graphs	show	that	Norway	had	a	significantly	higher	 level	of	GDP	per	

capita	than	the	other	Nordic	countries	during	the	period.	Norway	had	a	steeper	decline	from	2008	to	2009,	

followed	 by	 a	 smooth	 concave	 pattern	 in	 the	 aftermath	 of	 the	 financial	 crisis	 until	 2016.	 The	 remaining	

countries	have	similar	levels	of	GDP	per	capita	and	are	following	a	comparable	pattern	throughout	the	period.	

Denmark,	Finland,	and	Sweden	experienced	a	slight	decline	in	GDP	per	capita	from	2008	to	2009,	and	after	

that,	an	upward	trend	from	2009.	Iceland	also	had	a	decline	in	GDP	per	capita	in	the	same	period,	but	the	

upward	trend	started	in	2010.	
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Figure	4	-	Gross	Domestic	Product,	USD	per	Capita	–	Source:	Own	Contribution	(OECD,	Gross	Domestic	Product,	2018)		

	

Figure	5	shows	real	GDP	growth	year-over-year	(%).2	All	five	countries	had	a	negative	GDP	growth	during	the	

financial	crisis	caused	by	the	sharp	decline	 in	2008.	Sweden,	Denmark,	and	Finland	recovered	faster	than	

Iceland	and	Norway.	Among	the	Nordic	countries,	Norway	had	the	least	fluctuating	GDP	growth,	due	to	its	

substantial	reserves	from	the	oil	sector	(Lin,	Edvinsson,	Chen,	&	Beding,	2014).	Despite	that,	real	GDP	growth	

was	 negative	 in	 Norway	 until	 2009.	 The	 graph	 shows	 that	 Sweden	was	 recovering	 the	 fastest	 after	 the	

financial	crisis.	Denmark	and	Finland	had	a	somewhat	similar	pattern	in	the	development	of	real	GDP	growth	

but	recovered	slightly	slower	than	Sweden.	The	average	of	all	the	countries	in	the	European	area	follow	the	

same	trends	throughout	the	period.	

																																																													
2	GDP	growth	year-over-year	calculation:	“It	is	calculated	without	making	deductions	for	depreciation	of	fabricated	
assets	or	for	depletion	and	degradation	of	natural	resources”	(Bloomberg,	2018)	
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Figure	5	-	Real	Gross	Domestic	Product	Growth	–	Source:	Own	Contribution	(Bloomberg,	2018)	

Based	on	the	observations	made,	the	financial	crisis	 is	defined	as	being	from	2008	to	2010	for	the	Nordic	

countries,	as	this	was	when	the	GDP	declined	and	when	the	GDP	growth	was	negative.	The	period	from	2006	

to	2007	and	2011	to	2016	is	defined	as	before	and	after	the	crisis,	respectively.	A	description	of	the	dummy	

variables	for	the	financial	crisis	used	in	the	analysis	is	provided	in	section	7.3.	

	

 Macroeconomic	Factors	in	the	Nordics	

To	get	an	overview	of	the	economic	condition	during	the	period	from	2006	to	2016,	the	following	section	will	

discuss	the	development	of	several	macroeconomic	factors	in	each	of	the	Nordic	countries.	As	discussed	in	

the	introduction	(section	1),	the	geographical	differences	in	the	firms’	country	of	origin	can	have	an	impact	

on	the	level	of	debt	and	performance.	More	specifically,	it	is	argued	that	the	legal	and	economic	environment	

of	the	country	of	operation	are	of	significant	 importance,	based	on	findings	from	previous	studies	 (Porta,	

Lopez-De-Silanes,	 Shleifer,	 &	 Vishny,	 1997;	 Baker	 &	 Martin,	 2011;	 Fan,	 Titman,	 &	 Twite,	 2012;	 Lepore,	

Paolone,	Pisano,	&	Alvino,	2017).	As	this	notion	motivates	the	geographical	delimitation	of	this	paper,	the	

following	 section	 will	 supply	 a	 comprehensive	 analysis	 of	 the	 macroeconomic	 situation	 in	 the	 Nordics	

throughout	 the	 period	 from	 2006	 to	 2016.	 The	 investigation	 of	 Nordic	 firms	 is	 expected	 to	 limit	 the	

geographical	differences,	which	will	be	explored	in	this	section.	The	macro	elements	taken	into	consideration	

are	house	price	growth,	consumer	price	index,	industrial	production	index,	unemployment	rate,	long-term	

interest	 rate,	 short-term	 interest	 rate,	 and	exchange	 rate.	 The	average	of	 the	European	countries	 is	 also	

included	 in	 the	 graphs	 (EUR),	 enabling	 a	 comparison	 of	 the	 Nordics	 and	 the	 overall	 European	 situation.	

Individual	graphs	for	all	the	countries	on	the	relevant	macro	measures	are	disclosed	in	Appendix	1.	
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5.2.1 House	Price	Growth	

The	house	price	growth	is	an	indicator	of	how	costly	it	is	to	live	in	the	Nordic	countries	and	thus	an	indicator	

of	the	general	economic	condition.	It	is	measured	by	changes	in	residential	property	prices	year-over-year,	

by	quarterly	data.	The	data	 is	provided	by	the	“House	Price	 Index”	by	Eurostat	and	 is	a	part	of	 the	Euro-

indicators.	

Figure	6	shows	that	Norway,	Finland,	and	Sweden	experienced	negative	house	price	growth	between	the	

second	half	of	2008	and	the	first	half	of	2009.	In	Denmark,	the	growth	rate	became	negative	already	in	Q4	

2007	and	recovered	to	a	positive	level	in	Q1	2010.	Denmark	had	the	most	negative	house	price	growth	among	

all	the	Nordic	countries,	reaching	its	lowest	point	in	the	first	half	of	2009.	The	house	price	growth	in	Iceland	

stayed	positive	until	Q4	2008	and	after	that	remained	negative	until	Q1	2011.	The	graphs	show	that	all	the	

Nordic	countries	reacted	to	the	financial	crisis	with	a	negative	house	price	growth,	indicating	a	bad	economic	

situation	in	general.	In	the	aftermath	of	the	financial	crisis,	Sweden	had	the	most	inflated	housing	market,	

followed	by	Iceland	and	Norway.	The	decline	in	house	prices	can	be	explained	by	the	changes	in	long-term	

and	short-term	interest	rates	that	affected	house-loans	during	the	financial	crisis,	which	will	be	discussed	

further	in	section	5.2.5	and	5.2.6.	

In	sum,	there	are	some	regional	differences	in	the	Nordics	when	looking	at	the	house	price	growth.	However,	

the	pattern	of	development	from	2007	to	2010	is	similar	and	there	is	currently	positive	house	price	growth	

in	all	countries.	The	average	of	the	European	area	follows	the	same	trends.	

	
Figure	6	-	House	Price	Growth	–	Source:	Own	Contribution	(Bloomberg,	2018)	
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5.2.2 Consumer	Price	Index	

Consumer	Price	Index	(CPI)	is	a	measure	of	inflation	and	is	given	by	the	change	in	prices	of	a	basket	of	goods	

and	 services	 that	are	 typically	purchased	by	 specific	 groups	of	households	 (OECD,	Consumer	Price	 Index,	

2018).	The	data	is	given	monthly	with	year-over-year	growth	and	indicates	the	living	standard	in	the	different	

Nordic	countries.	It	is	expected	that	the	financial	crisis	led	to	a	downward	pressure	on	inflation,	which	also	

affected	the	house	prices	as	observed	in	figure	6.	

Figure	7	shows	that	the	development	pattern	of	CPI	is	similar	for	all	the	Nordic	countries,	except	for	Iceland.	

Iceland	experienced	a	steep	increase	in	inflation	from	2007	to	2008,	in	line	with	the	increased	house	price	

growth.	After	2008,	Iceland	experienced	a	sharp	decline	towards	2010,	in	the	same	period	as	the	house	price	

growth	 fell	 significantly.	 The	 inflation	 in	 the	 remaining	 countries	 also	 declined	 from	 2008	 to	 2009.	 The	

deflation	was	remarkable	in	all	countries	indicating	that	all	the	Nordic	countries	suffered	from	the	effects	of	

the	financial	crisis.	

The	 differences	 in	 consumer	 price	 index	 is	 larger	 than	 the	 differences	 observed	 in	 house	 price	 growth.	

Specifically,	Iceland	had	a	remarkably	more	volatile	CPI	in	the	period	from	2006	to	2010.	However,	in	recent	

years,	the	CPI	year-on-year	growth	has	been	on	similar	levels,	implying	that	the	geographical	differences	are	

relatively	 small.	 The	 average	 of	 the	 countries	 in	 Europe	 follow	 the	 same	 trends	 and	 levels	 as	 Denmark,	

Finland,	Norway,	and	Sweden,	while	Iceland	is	an	exception	with	higher	inflation	most	of	the	period.	

	
Figure	7	-	Consumer	Price	Index	Growth	–	Source:	Own	Contribution	(Bloomberg,	2018)	
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5.2.3 Industrial	Production	Index	

The	industrial	production	index	measures	the	output	of	industrial	establishments	in	sectors	such	as	mining,	

manufacturing,	and	public	utilities	(electricity,	gas	and	water	supply)	(OECD,	Industrial	Production,	2018).	The	

graph	in	figure	8	shows	that	Iceland,	Finland,	and	Sweden	experienced	a	relatively	steep	decline	in	industrial	

production	in	2008,	while	Denmark	and	Norway	experienced	a	less	steep	decline.	After	the	crisis	Norway,	

Sweden,	and	Finland	follow	the	same	pattern	with	the	least	fluctuations	among	the	Nordic	countries.	Both	

Iceland	 and	 Denmark	 had	 higher	 levels	 during	 the	 aftermath.	 Iceland’s	 industrial	 production	 has	 been	

relatively	more	volatile	in	the	aftermath	of	the	crisis,	while	Denmark	experienced	a	more	stable	increase	in	

this	period.	

As	 for	 the	 consumer	 price	 index,	 Iceland	 is	 somewhat	 differentiated	 in	 the	 industrial	 production	 index	

development.	This	is	especially	evident	for	the	period	leading	up	to	the	financial	crisis.	In	recent	time,	the	

levels	of	all	 the	 five	countries	are	rather	similar,	which	 further	supports	 the	notion	that	 the	geographical	

differences	in	the	Nordic	countries	are	limited.	As	for	the	inflation,	the	average	of	the	European	countries	

follows	the	same	overall	trends	as	the	Nordic	countries,	except	from	Iceland.	

	
Figure	8	-	Industrial	Production	Index,	Seasonally	Adjusted	–	Source:	Own	Contribution	(Bloomberg,	2018)	

	

5.2.4 Unemployment	Rate	

The	unemployment	rate	measures	the	number	of	unemployed	people	as	a	percentage	of	the	labor	force.	

Unemployed	people	are	those	who	report	that	they	are	without	work	but	are	available	and	have	actively	

tried	to	find	a	job	in	the	last	month.	
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Looking	at	the	graph	in	figure	9,	the	unemployment	rate	 increased	remarkably	 in	all	the	Nordic	countries	

during	the	financial	crisis,	except	for	Norway.	Iceland	experienced	the	most	drastic	 increase	from	2008	to	

2009,	rising	from	0.8	to	9.3	percent.	Iceland	has	recovered	in	recent	years	and	had	the	lowest	unemployment	

rate	 among	 the	 Nordic	 countries	 from	 2014	 and	 onwards.	 Denmark	 started	 out	 with	 a	 lower	 rate	 than	

Sweden	and	Finland,	but	the	gap	narrowed	during	the	aftermath	of	the	financial	crisis.	The	unemployment	

rate	in	Norway	remained	stable	during	and	after	the	financial	crisis	but	increased	slightly	from	2014	to	2016.	

In	the	review	of	the	unemployment	rate,	Iceland	is	once	again	the	country	that	differentiate	itself	from	the	

rest	of	the	Nordics.	The	five	countries	vary	between	rates	from	2	to	9	percent	which	is	substantial.	From	this,	

it	is	concluded	that	the	Nordic	countries	somewhat	differs	in	the	level	of	employment.	However,	the	average	

unemployment	 rate	 for	 the	European	Area	 countries	 is	 higher	 than	 the	Nordic	 countries	 throughout	 the	

period,	with	a	small	exception	from	Q3	2015,	where	Finland	exceeds	EUR.	This	implies	that	all	five	countries	

are	in	the	lower	end	of	average.	

	
Figure	9	-	Unemployment	Rate	–	Source:	Own	Contribution	(Bloomberg,	2018)	

	

5.2.5 Short-Term	Interest	Rate	

The	short-term	interest	rates	are	based	on	three	months	money	market	rates	and	are	the	interest	rate	on	

fixed	income	assets	with	a	maturity	of	less	than	a	year	(OECD,	Short-Term	Interest	Rates,	2018).	The	graphs	

in	figure	10	shows	that	the	short-term	interest	rate	in	Denmark,	Finland,	Norway,	and	Sweden	followed	the	

same	pattern	and	the	same	level	during	the	period,	with	a	decline	from	2007	to	2009.	Iceland	had	a	higher	
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rate	in	all	years	and	experienced	a	steeper	decline	in	the	short-term	interest	rate	from	2008	to	2011.	The	

movements	of	interest	rates	in	the	Nordic	countries	are	in	line	with	the	insecurity	and	risk	the	financial	crisis	

brought	along.	

Like	all	the	previous	macroeconomic	measures,	Iceland	differs	in	short-term	interest	rate.	However,	in	this	

measure	 Denmark,	 Finland,	 Sweden,	 and	 Norway	 are	 developing	 equally	 and	 keep	 similar	 patterns	

throughout	the	period.	This	implies	small	geographical	deviations	when	excluding	Iceland.	

	
Figure	10	-	Short-Term	Interest	Rate	–	Source:	Own	Contribution	(OECD,	Short-Term	Interest	Rates,	2018)	

	

5.2.6 Long-Term	Interest	Rate	

Government	bonds	maturing	in	ten	years	are	used	as	proxies	for	the	long-term	interest	rates.	Low	long-term	

rates	encourage	firms	to	invest	in	new	equipment,	and	high	long-term	interest	rate	discourages	that	kind	of	

investments.	Therefore,	the	long-term	interest	rate	is	a	determinant	of	economic	growth.	A	vital	component	

of	the	long-term	interest	rate	is	the	average	of	expected	future	short-term	interest	rates,	as	well	as	the	term	

premium	 as	 compensation	 to	 investors	 for	 holding	 for	 a	 longer	 term	 (Bauer	 &	 Rudebusch,	 2016).	 By	

comparing	figure	10	and	figure	11,	 it	 is	revealed	that	the	short-term	interest	rates	are	usually	 lower	than	

long-term	interest	rates.	In	all	the	Nordic	countries,	the	short-term	interest	rate	was	higher	than	the	long-

term	interest	rate	in	2007	and	2008,	except	in	Sweden	where	the	rates	were	equal.	This	was	because	the	

short-term	interest	rates	 increased	more	than	the	long-term	interest	rates	and	following	decreased	more	

rapidly.	
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The	overall	conclusion	from	the	review	of	the	 long-term	interest	rates	 is	similar	to	that	of	the	short-term	

interest	rates:	Denmark,	Finland,	Sweden,	and	Norway	have	similar	levels	and	patterns	from	2006	to	2016,	

while	Iceland	has	a	significantly	higher	level.	

	

Figure	11	-	Long-Term	Interest	Rate	–	Source:	Own	Contribution	(OECD,	Long-Term	Interest	Rates,	2018)	

	

5.2.7 Exchange	Rate	

The	exchange	rate	 is	the	price	of	one	country’s	currency	in	relation	to	another	country’s	currency	(OECD,	

Exchange	Rates,	2018).	 Figure	12.1	 shows	yearly	exchange	 rates	 for	 the	national	 currency	of	each	of	 the	

Nordic	countries	per	one	USD.	It	shows	that	Iceland	has	a	significantly	cheaper	currency	compared	to	the	

other	Nordic	countries	before,	during,	and	after	the	financial	crisis.	The	graph	in	figure	12.1	shows	an	increase	

in	the	Icelandic	Krona	(ISK)	in	relation	to	USD	from	2007	to	2009,	meaning	that	the	ISK	depreciated	against	

USD	in	this	period,	as	seen	in	figure	12.2.	Thereafter,	the	ISK	appreciated	towards	2010,	and	continued	to	

appreciate	slightly	until	2011,	where	after	it	follows	the	same	patterns	as	the	other	Nordic	currencies.	The	

remaining	 exchange	 rates	 follow	 the	 same	pattern	but	 are	 slightly	 less	 volatile	 than	 Iceland’s	 during	 the	

period	2007	to	2016.	Figure	12.2	shows	that	the	currencies	of	Sweden,	Denmark,	and	Finland	experienced	a	

slight	depreciation	to	 the	dollar	 from	2008	to	2010,	 followed	by	an	appreciation	 in	2011.	The	Norwegian	

Krone	depreciated	in	2009,	but	appreciated	before	and	after	the	crisis.	Thereafter,	some	small	fluctuations	

are	observed	until	2014,	where	after	they	depreciated	relatively	steeply	until	2015,	and	then	appreciated	

again	towards	2016.	
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The	review	of	the	exchange	rates	leads	to	a	similar	conclusion	as	the	reviews	of	house	price	growth,	CPI,	and	

industrial	production.	Iceland’s	exchange	rate	growth	is	higher	than	the	other	countries	in	the	period	before	

and	during	the	crisis,	but	all	countries	are	at	similar	levels	in	the	aftermath.	

	
Figure	12.1	-	Exchange	Rates,	Nordic	Currencies	per	USD	–	Source:	Own	Contribution	(OECD,	Exchange	Rates,	2018)	

	

	
Figure	12.2	–	Growth	in	Exchange	Rates,	Nordic	Currencies	per	USD	–	Source:	Own	Contribution	(OECD,	Exchange	Rates,	2018)	

	

5.2.8 Country-Specific	Events	

From	the	discussions	in	the	previous	sections,	it	has	become	evident	that	Iceland	differentiates	themselves	

from	 the	 other	Nordic	 countries	 in	 several	macroeconomic	 factors	 during	 the	 financial	 crisis.	 They	were	
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stricken	 by	 the	 global	 crisis,	 leading	 to	 substantial	 devaluation	 of	 the	 Icelandic	 Krona	 (ISK),	 dramatically	

decreasing	interest	rates	and	GDP	growth,	increasing	unemployment	rate,	and	declining	housing	prices.	

In	 the	 time	before	 the	 financial	 crisis,	 Iceland	 expanded	 their	 three	 largest	 banks	 in	 foreign	markets,	 by	

substantial	 lending	 to	consumers	and	 investing	 in	 foreign	 firms,	 real	estate,	and	soccer	 teams,	 increasing	

their	 systematic	 risk.	 As	 the	 ISK	 became	 a	major	 trading	 currency	 due	 to	 high	 interest	 rates,	 the	 Krona	

appreciated.	The	increased	value	of	the	Krona	also	created	inflation,	and	the	housing	prices	rose.	Then	the	

global	financial	crisis	shut	down	bank	lending,	and	several	Icelandic	banks	went	bankrupt.	The	government	

did	not	have	the	money	to	bail	them	out	and	the	banks	had	become	too	big	to	save	(Pfanner,	2008;	Anderson,	

2015).	

The	government	of	Iceland	collapsed	in	January	2009	because	of	Iceland's	almost	bankrupt	economy,	leading	

to	an	increased	unemployment	rate	(Stringer,	2009).	During	this	period,	the	stock	market	collapsed,	and	80%	

of	the	stock	market	wiped	out	overnight,	leading	to	technical	bankruptcy	among	several	firms	(BBC,	2016).	

The	only	option	for	the	government	to	protect	domestic	deposits	and	keep	their	currency	from	devaluating	

more	was	to	be	bailed	out.	They	got	help	from	the	International	Monetary	Fund,	Norway,	and	Denmark,	and	

managed	to	recover	from	the	crisis	(O'Brien,	2015).	

Finland	had	deep	 involvement	 in	 Icelandic	banks	and	were	hence	affected	by	 the	collapse.	Furthermore,	

most	firms	in	Finland	was	multinational	larger	corporations	and	consequently	got	more	affected	by	the	global	

crisis.	

The	Norwegian	stock	market,	Oslo	Børs,	dropped	as	much	as	54	%	in	2008	(Kredittilsynet,	2009).	The	capital	

market	 in	 Norway	 recovered	 quickly	 and	 functioned	 better	 than	 expected	 during	 the	 spring	 of	 2009.	 A	

relatively	large	public	sector	contributed	to	the	stabilization	of	the	economy	during	the	financial	crisis.	The	

public	sector	employed	one-third	of	the	labor	force	in	Norway,	and	the	crisis	did	not	directly	threaten	these	

jobs	(Lin,	Edvinsson,	Chen,	&	Beding,	2014).	

		

 Summary	of	Background	Information	

Through	an	investigation	of	GDP	growth	in	the	Nordic	countries	from	2006	to	2016,	it	is	concluded	that	the	

period	from	2008	to	2010	is	defined	as	the	financial	crisis.	The	period	from	2006	through	2007	is	thus	

defined	as	before	the	crisis,	and	the	period	from	2011	to	2016	is	defined	as	after.	

To	confirm	the	limited	geographical	differences	in	the	Nordic	countries,	a	comprehensive	review	of	the	

macroeconomic	factors	in	the	entire	period	of	investigation	is	performed.	This	investigation	reveals	a	
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difference	in	the	economic	situations	in	Iceland	and	the	four	other	countries,	both	in	development	and	

general	level.	First,	Iceland	had	more	volatile	developments	before	and	during	the	financial	crisis	in	all	

measures.	This	is	particularly	evident	in	the	consumer	price	index,	which	is	aligned	with	the	generally	

higher	short-term	and	long-term	interest	rates	in	Iceland	compared	to	the	other	countries.	Furthermore,	

there	are	findings	implying	geographical	differences	between	all	the	countries.	For	example,	the	

unemployment	rates	deviating	throughout	the	entire	period.	In	sum,	the	macroeconomic	measures	are	

relatively	similar	in	the	Nordic	countries.	However,	the	investigation	reveals	some	differences	that	must	be	

controlled	for.	This	will	be	handled	by	including	a	dummy	for	each	country,	as	will	be	further	discussed	in	

section	7.4.	

	

6 Literature	Review	

As	described	in	section	2,	this	thesis	has	a	deductive	empirical	approach,	meaning	that	the	research	

questions	will	be	answered	through	hypotheses	developed	from	theories	and	previous	studies.	This	section	

will	serve	as	a	basis	for	the	development	of	these	hypotheses.	First,	section	6.1	will	review	the	five	most	

recognized	capital	structure	theories	and	how	they	predict	the	relation	between	leverage	and	performance.	

Second,	section	6.2	will	consider	how	the	financial	crisis	relates	to	capital	structure,	based	on	previous	

research.	Finally,	section	6.3	investigates	the	findings	of	previous	studies	that	have	focused	on	the	

difference	in	leverage	and	performance	between	listed	and	non-listed	firms.	

	

 Capital	Structure	Theory	

Capital	structure	theory	has	been	widely	discussed	ever	since	Modigliani	&	Miller	published	the	Irrelevance	

Theory	in	1958	(Modigliani	&	Miller,	1958).	Much	research	has	been	done	within	the	field	and	several	central	

theories	have	emerged	from	these	studies.	Among	the	theories	that	are	widely	discussed	and	have	proven	

their	 relevance	are	The	Trade-off	Theory,	The	Pecking	Order	Theory,	The	Agency	Theory,	and	The	Market	

Timing	Theory.	The	trade-off	theory	by	Robichek	&	Myers	(1966)	suggests	that	capital	structure	is	determined	

by	a	balance	between	advantages	and	disadvantages	of	debt	(Robichek	&	Myers,	1966).	As	an	opposing	view	

to	the	trade-off	theory,	the	pecking	order	theory	developed	by	Myers	&	Majluf	 in	1984	suggests	that	the	

level	of	debt	is	determined	by	the	firm’s	retained	earnings	(Myers	&	Majluf,	1984).	Another	perspective	was	

presented	in	the	agency	theory	of	capital	structure	developed	by	Jensen	&	Meckling	(1976)	who	argued	that	

the	optimal	debt	level	is	found	by	minimizing	the	agency	costs	related	to	financing	(Jensen	&	Meckling,	1976).	
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Finally	and	most	recently,	the	market	timing	theory	by	Baker	and	Wurgler	(2002)	dismisses	all	the	previous	

theories	 and	 implies	 that	 capital	 structure	 is	 aggregately	 determined	 by	 an	 inefficient	 market	 where	

managers	take	advantage	of	under-	and	overvalued	stock	prices	(Baker	&	Wurgler,	2002).	These	theories	will	

be	 presented	 in	 the	 following	 sections,	 together	 with	 a	 review	 of	 studies	 supporting	 and	 criticizing	 the	

theories’	predictions	and	assumptions.	

	

6.1.1 Modigliani	&	Miller	Irrelevance	Theory	

Modigliani	 &	Miller’s	 work	 from	 1958	 is	 often	 referred	 to	 as	 the	 beginning	 of	 the	 discussion	 on	 capital	

structure	theory.	They	presented	the	irrelevance	theorem,	which	suggests	that	the	cost	of	capital	and	the	

market	value	of	a	firm	is	constant	regardless	of	the	degree	of	leverage,	implying	that	the	financing	choice	of	

firms	is	irrelevant	(Modigliani	&	Miller,	1958).	This	theorem,	called	the	Modigliani	&	Miller	proposition	1	(MM	

I),	is	however	subject	to	a	number	of	restrictive	assumptions.	These	include	a	perfect	market	without	taxes,	

bankruptcy	costs,	asymmetric	information,	arbitrage	opportunities,	and	with	minimal	transaction	costs.	

In	the	same	paper,	Modigliani	&	Miller	relax	the	assumptions	and	introduces	the	effects	of	debt	risk.	They	

argue	that	an	increase	in	the	level	of	debt	will	increase	financial	risk,	and	thus	increase	the	cost	of	capital	and	

reduce	the	market	value	of	the	firm	(Modigliani	&	Miller,	1958).	In	1963,	the	authors	further	developed	their	

theorem	into	what	is	known	as	the	Modigliani	&	Miller	Proposition	2	(MM	II),	in	their	work	Corporate	Income	

Tax	and	the	Cost	of	Capital:	A	Correction.	In	this	new	paper,	Modigliani	&	Miller	argue	that	the	advantages	of	

debt	financing	are	more	significant	than	first	assumed	when	they	relax	the	assumption	of	no	taxes.	The	debt	

advantage	is	created	by	the	tax	deduction	possibility,	obtained	from	interest	payments,	called	the	tax	shield.	

More	specifically,	the	market	value	of	a	company	is	equal	to	the	non-corporate	debt,	plus	the	present	value	

of	 the	 tax	 shield	 from	 liability,	 less	 the	 present	 value	 of	 the	 costs	 related	 to	 potential	 financial	 distress	

(Modigliani	&	Miller,	1963).	To	sum	up,	 firms	have	an	 incentive	 to	 increase	 their	 leverage	as	 interest	are	

deductible	for	taxable	profit.	

It	is	widely	agreed	that	Modigliani	&	Miller	provided	a	major	stepping	stone	for	the	understanding	of	capital	

structure	 and	 that	 their	 suggestions	 have	 theoretical	 accuracy	 under	 the	 strict	 assumptions	 (Brigham	&	

Gapenski,	 1996;	 Ebaid,	 2009).	 However,	 the	 propositions	 have	 been	 criticized	 and	 further	 developed	 by	

numerous	 of	 capital	 structure	 researchers.	 Among	 these	 are	 Fan,	 Titman,	 &	 Twite	 (2012),	 who	 found	

evidence	that	a	country’s	taxation	system,	level	of	corruption,	and	preferences	of	capital	suppliers	have	a	

significant	explanatory	power	of	the	capital	choice	of	firms.	However,	their	results	point	in	the	same	direction	
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as	MM	II.	When	the	tax	gain	from	leverage	is	positive,	firms	tend	to	have	higher	levels	of	debt	(Fan,	Titman,	

&	Twite,	2012).	

Other	critics	focus	on	the	how	realistic	the	assumptions	of	the	MM	I	and	MM	II	are.	Among	these	are	Keshyap	

&	Zingales	(2010)	who	discusses	the	impact	of	the	financial	crisis	of	2008	and	what	corporate	finance	can	

learn	from	the	observations	made.	They	argue	that	the	crisis	showed	the	invalidity	of	the	assumptions,	by	

proving	the	importance	of	capital	structure	choices	(Kashyap	&	Zingales,	2010).	Further,	Modigliani	&	Miller	

is	famously	criticized	in	Robicheck	&	Myers'	(1966)	paper	on	Problems	in	the	Theory	of	Capital	Structure.	They	

argue	that	the	MM	propositions	do	not	hold	in	a	real-world	situation	and	propose	a	new	model	with	fewer	

restrictions	imposed,	later	known	as	the	trade-off	model.	They	argue	that	optimal	leverage	is	at	the	point	

where	the	present	value	of	the	tax	shield	associated	with	a	marginal	increase	in	debt	is	equal	to	the	present	

value	of	the	marginal	cost	of	the	disadvantages	of	leverage	(Robichek	&	Myers,	1966).	

	

6.1.2 Trade-off	Theory	

Robicheck	and	Myers	(1996)	use	MM	I	as	a	point	of	reference	when	discovering	the	shortcomings	of	capital	

structure	theory.	They	argue	that	it	is	necessary	to	undertake	three	additional	assumptions	for	the	theory	to	

hold:	 (1)	 there	 are	 no	 direct	 or	 indirect	 costs	 associated	with	 bankruptcy,	 (2)	 possible	 changes	 in	 future	

financing	due	to	leverage	do	not	affect	the	present	value	of	the	firm	to	investors,	and	(3)	a	firm’s	investment	

is	unaffected	by	leverage	(Robichek	&	Myers,	1966).	By	relaxing	the	assumptions	of	the	MM	I,	Robicheck	&	

Myers	discover	that	when	corporate	income	tax	and	bankruptcy	costs	are	present,	there	is	an	optimal	level	

of	debt.	The	market	value	of	a	firm	is	increasing	with	leverage	due	to	the	interest	tax	shield	but	negatively	

correlated	with	leverage	when	isolating	the	financial	risk	caused	by	high	levels	of	debt	and	bankruptcy	costs.	

Thus,	the	optimal	level	of	debt	is	determined	by	the	apex	of	a	curve,	made	up	by	the	marginal	benefit	from	

the	interest	tax	shield	and	the	marginal	cost	of	the	disadvantages	of	leverage	(Robichek	&	Myers,	1966).	

Although	Robichek	&	Myers	(1966)	are	recognized	as	the	origin	of	the	trade-off	theory,	Kraus	&	Litzenberger	

(1973)	are	known	for	formalizing	the	theory	 in	their	paper	A	State-preference	Model	of	Optimal	Financial	

Leverage.	By	formally	introducing	corporate	taxes	and	bankruptcy	costs	into	a	valuation	model	in	a	perfect	

capital	market,	they	discover	that	the	market	value	of	the	levered	firm	is	equal	to	the	unlevered	market	value,	

plus	the	tax	rate	times	the	market	value	of	debt,	less	the	corporate	tax	rate	multiplied	by	the	present	value	

of	bankruptcy	costs	(Kraus	&	Litzenberger,	1973).	Their	model	continues	to	be	a	trade-off	model	between	

the	 advantages	 and	disadvantages	 of	 leverage,	 but	 in	 contrast	 to	Robichek	&	Myers	 (1966),	 their	model	

provides	proof	on	a	non-concave	relationship	by	calculating	the	firm	value	at	different	debt	levels.	
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The	trade-off	theory	has	proved	to	be	one	of	the	most	recognized	capital	structure	theories.	In	the	time	after	

Robicheck	&	Myers’	(1966)	and	Kraus	&	Litzenberger’s	(1973)	publications,	several	researchers	attempted	to	

find	evidence	of	an	optimal	level	of	debt	as	a	way	to	investigate	the	presence	of	a	central	element	in	the	

trade-off	theory.	Several	researchers	have	documented	what	they	interpret	as	evidence	for	optimal	debt-

equity	 ratios,	 such	 as	 Schwartz	 &	 Aronson	 (1967).	 Furthermore,	 researchers	 from	 the	 1970s	 and	 1980s	

provided	evidence	that	firms	act	on	the	notion	of	an	optimal	degree	of	leverage	and	that	firms	adjust	their	

capital	 structure	 towards	a	debt	 target	 (Taggart,	1977;	Marsh,	1982;	 Jalilvand	&	 	Harris,	1984;	Auerbach,	

1985).	In	a	review	of	the	existing	literature,	Bradley,	Jarrell,	&	Kim	(1984)	conclude	that	most	research	from	

that	period	support	the	presence	of	trade-off	in	capital	structure	decisions	(Bradley,	Jarrell,	&		Kim,	1984).	

More	recent	research	also	supports	this	view.	Brigham	&	Gapenski	(1996)	concluded	that	managers	can	be	

able	to	minimize	the	cost	of	capital	and	thus	maximize	the	firm’s	performance	by	recognizing	the	optimal	

capital	structure	and	keeping	this	structure	over	an	extended	period.	It	is	argued	that	this	is	possible	due	to	

the	 presence	 of	 bankruptcy	 costs	 and	 benefits	 from	 tax	 sheltering	 provided	 by	 an	 increase	 in	 leverage	

(Brigham	&	Gapenski,	 1996).	 Fama	 and	 French	 (2002)	 also	 offered	 evidence	 that	 supports	 the	 trade-off	

theory	partially.	They	found	that	more	profitable	firms	with	fewer	investments	have	higher	dividend	payouts	

and	that	firms	with	more	investments	have	less	market	leverage	(Fama	&	French,	2002).	

Furthermore,	several	survey-based	research	from	the	2000’s	found	evidence	that	managers	act	in	line	with	

the	trade-off	theory.	Among	these	were	Graham	&	Harvey	(2001)	who	support	the	trade-off	theory	based	

on	a	survey	performed	on	392	CFOs	in	The	United	States	about	the	cost	of	capital,	capital	budgeting,	and	

capital	 structure	 (Graham	&	Harvey,	2001).	An	 international	 survey	among	313	CFOs	on	capital	 structure	

choice	with	results	collected	from	the	United	Kingdom,	the	Netherlands,	Germany,	and	France,	confirm	the	

results	of	Graham	&	Harvey	(Brounen,	Jong,	&	Koedijk,	2006).	The	researchers	conclude	that	the	static	trade-

off	theory	is	confirmed	by	the	importance	of	an	optimal	degree	of	leverage	as	well	as	the	specific	tax	and	

bankruptcy	effects.	Bancel	&	Mittoo	(2004)	found	similar	results	when	surveying	managers	in	16	European	

countries	on	the	determinants	of	capital	structure.	The	results	support	the	notion	that	managers	adjust	the	

leverage-ratio	as	a	 result	of	a	 trade-off	between	 factors	 such	as	 interest	 tax	 shield	and	bankruptcy	 costs	

(Bancel	&	Mittoo,	2004).	However,	the	findings	from	these	studies	are	not	exclusively	supportive	of	the	trade-

off	theory	and	there	are	many	examples	of	research	that	find	evidence	against	the	theory.	

One	 of	 these	 critics	 is	 Merton	 Miller	 (1977)	 with	 his	 publication	 Debt	 and	 Taxes.	 He	 raises	 questions	

surrounding	the	propositions	from	his	collaboration	with	Franco	Modigliani	(1958)	and	the	newly	developed	

trade-off	theory.	Miller	argues	that	the	bankruptcy	costs	in	the	trade-off	theory	are	minimal	and	insignificant	

compared	to	the	savings	from	the	tax	shield.	Further,	Miller	concludes	that	regardless	of	the	capital	structure,	
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the	firm	will	ultimately	bear	all	of	the	taxes,	either	directly	or	indirectly	through	higher	required	return	on	

securities	(Miller,	1977).	Furthermore,	DeAngelo	and	Masulis	(1980)	argue	that	non-debt	tax	shields	are	tax	

substitutes	 for	 debt	 interest	 deductions	 and	 thus	 may	 moderate	 the	 tax	 benefits	 of	 debt	 (DeAngelo	 &	

Masulis,	1980).	These	critics	are	supported	by	empirical	findings	from	several	researchers	(Shyam-Sunder	&	

Myers,	1999).	Among	the	research	posing	evidence	against	the	trade-off	theory	are	those	that	found	only	

mixed	evidence	for	the	role	of	the	factor	predictions,	such	as	a	strong	negative	relationship	between	debt	

ratios	and	profitability	 (Kester,	1986;	Titman	&	Wessels,	1988;	Rajan	&	Zingales,	1995).	Although	Fama	&	

French	(2002)	found	some	evidence	for	the	trade-off	model,	they	also	found	evidence	leading	in	the	opposite	

direction.	Their	results	suggested	that	the	optimal	leverage	is	independent	of	profitability,	contradicting	the	

relationship	found	in	earlier	research	(Fama	&	French,	2002).	

The	critics	of	the	trade-off	theory	often	find	evidence	of	one	of	the	other	theories	in	capital	structure,	such	

as	the	pecking	order	theory.	An	early	version	of	the	theory	was	developed	in	1961	by	Donaldson.	However,	

it	was	Myers	&	Majluf	(1984)	who	presented	empirical	evidence	that	challenged	the	notion	that	firms	behave	

in	accordance	with	the	predictions	of	the	static	trade-off	theory	and	thus	made	the	pecking	order	theory	a	

scorching	topic	of	discussion	(Donaldson,	1961;	Myers	&	Majluf,	1984).	

	

6.1.3 Pecking	order	Theory	

The	publication	of	Myers	&	Majluf	 (1984)	 introduced	asymmetric	 information	to	the	discussion	of	capital	

structure	choices	and	investment	decisions.	Their	model	assumes	that	a	firm’s	manager	has	knowledge	about	

the	company	that	extends	beyond	that	of	the	investors,	and	that	the	managers	act	in	accordance	to	protect	

the	existing	investors.	These	assumptions	may	lead	to	a	situation	where	the	management	may	refuse	to	issue	

stock	to	protect	its	investors	from	dilution	and	thus	pass	up	on	positive	net	present	value	investments	(Myers	

&	Majluf,	 1984).	 This	 notion	 contradicts	 the	 trade-off	 theory	 because	 the	 firms'	management	 no	 longer	

strives	to	obtain	an	optimal	level	of	debt.	The	properties	of	the	Myers	&	Majluf’s	(1984)	model	is	ultimately	

the	 following:	 (1)	 it	 is	 generally	 better	 to	 issue	 safe	 than	 risky	 securities;	 (2)	 firms	may	pass	 up	 valuable	

investment	opportunities	due	to	lack	of	ability	to	render	low-risk	debt;	(3)	firms	can	build	up	financial	slack	

(retained	earnings	and/or	ability	 to	 issue	 low-risk	debt)	by	 restricting	dividends;	 (4)	 firms	 should	not	pay	

dividend	if	it	leads	to	issuing	of	stocks	or	other	risky	securities;	and	(5)	when	managers	have	more	information	

than	 investors,	other	things	equal,	a	stock	 issue	will	 reduce	the	stock	price	(Myers	&	Majluf,	1984).	From	

these	properties,	it	can	thus	be	read	that	firms	have	a	pecking	order	of	financing	choices	where	they	prefer	

retained	 earnings,	 followed	 by	 low-risk	 debt	 and	 high-risk	 debt	 issuance.	 Finally,	 firms	 should	 only	 issue	

equity	if	truly	necessary.	
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Stewart	Myers	(1984)	further	supported	the	pecking	order	theory	in	his	publication	released	the	same	year,	

in	what	he	refers	to	as	a	“one-on-one	competition	of	the	static	trade-off	and	pecking	order	theories”	(Myers,	

1984,	p.	4).	The	results	suggest	that	the	static	trade-off	theory	works	to	some	extent,	but	that	the	explanatory	

power	(measured	by	R2)	of	the	model	 is	unacceptably	 low.	Ultimately,	Miller	presents	a	modified	pecking	

order	model	where	(1)	firms	avoid	issuing	common	stock	or	other	risky	securities	to	finance	real	investments,	

(2)	firms	set	dividends	so	that	normal	rates	of	investment	can	be	covered	by	retained	earnings,	(3)	firms	may	

plan	with	investment	covering	by	debt	issuing,	however	low-risk,	and	(4)	sticky	dividend	payouts	can	lead	to	

exhaustion	of	firms’	ability	to	issue	safe	debt	due	to	fluctuating	investment	opportunities	and	performance.	

After	 the	 development	 of	 the	 pecking	 order	 theory,	many	 authors	 have	 attempted	 to	 do	 a	 comparative	

analysis	of	the	validity	of	this	model	and	the	trade-off	theory.	Several	of	the	publications	from	this	wave	of	

research	 found	evidence	supporting	 the	pecking	order	 theory.	Pinagar	&	Wilbricht	 (1989)	present	 results	

from	 The	 United	 States	 that	 are	 consistent	 with	 the	 pecking	 order	 hypothesis.	 The	 same	 hypothesis	 is	

supported	 by	 findings	 implying	 that	 differences	 between	 small	 and	 large	 firms	may	 be	 attributed	 to	 the	

constrained	pecking	order	under	which	small	firms	operate	(Holmes	&	Kent,	1991).	

Other	researchers	found	that	the	pecking	order	theory	has	a	higher	explanatory	power	than	the	trade-off	

theory.	Among	 these	are	Shyam-Sunder	&	Myers	 (1999)	who	 found	 that	 the	 trade-off	 theory	 is	effective	

when	 tested	 individually,	 but	 that	 pecking	 order	 theory	 performs	 significantly	 better	 when	 tested	

simultaneously.	The	paper	concludes	that	the	strong	performance	of	the	model	is	not	just	based	on	the	fact	

that	firms	fund	with	debt	when	unanticipated	liquidity	issues	arise	but	also	plan	to	cover	deficits	and	poor	

performance	 by	 issuing	 low-risk	 debt	 (Shyam-Sunder	&	Myers,	 1999).	 This	 finding	 is	 in	 line	with	Myers’	

model’s	property	(3)	that	firms	plan	investment	covering	with	low-risk	debt	issuing.	Fama	&	French’s	(2002)	

publication	is	another	example	of	research	providing	evidence	for	both	the	trade-off	and	the	pecking	order	

theory,	but	ultimately	find	more	results	consistent	with	the	latter.	As	mentioned	previously,	the	results	of	

their	research	found	evidence	supporting	both	theories,	including	the	fact	that	more	profitable	firms	and	low	

investment	 firms	have	higher	dividend	payouts,	and	 that	 firms	with	higher	 investments	have	 less	market	

leverage.	However,	the	result	implying	that	more	profitable	firms	are	less	levered	makes	one	theory	superior,	

as	it	contradicts	the	trade-off	theory	and	supports	the	pecking	order	theory.	Corresponding	results	have	been	

proven	 in	 emerging	markets.	 An	 investigation	 of	 the	 capital	 structure	 determinants	 in	 Polish	 companies	

supported	the	pecking	order	theory,	posing	as	an	example	for	the	emerging	markets	(Kazmierska-Jozwiak,	

Marszałek,	&	Sekuł,	2015).	

Swinnen,	Voordeckers,	&	Vandemaele	 (2005)	 strengthens	 the	position	of	 the	pecking	order	 theory	when	

testing	its	performance,	together	with	the	trade-off	theory,	up	against	a	behavioral	principle	that	firms	aim	
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at	average	industry	leverage	in	small	and	medium-sized	enterprises	(SMEs).	The	results	suggest	that	the	static	

trade-off	theory	does	not	outperform	that	of	behavioral	principle,	but	that	the	regression	results	support	

predictions	in	the	pecking	order	theory.	More	specifically,	they	find	that	firms	adjust	their	degree	of	debt	to	

the	availability	of	internal	funds	(Swinnen,	Voordeckers,	&	Vandemaele,	2005).	

Likewise,	recent	studies	have	aimed	at	confirming	the	pecking	order	theory	by	investigating	the	adjustment	

of	 leverage	 in	 economic	 expansion,	 and	 thus	 higher	 availability	 of	 retained	 earnings.	 Several	 of	 these	

publications	 support	 the	 predictions	 through	 empirical	 results	 that	 point	 towards	 deleveraging	 in	 an	

economic	expansion	(Hackbarth,	Miao,	&	Morellec,	2006;	Cook	&	Tang,	2010;	Kim,	Sohn,	&	Seo,	2015).	

In	recent	years,	survey-based	research	on	the	determinants	of	capital	structure	have	emerged.	As	discussed,	

several	of	the	studies	found	evidence	for	trade-off	practices,	but	also	evidence	for	pecking	order	behavior.	

This	includes	evidence	from	The	United	States	and	significant	economies	in	Europe	(Graham	&	Harvey,	2001;	

Brounen,	Jong,	&	Koedijk,	2006).	However,	the	pecking	order	behavior	found	in	Europe	is	concluded	not	to	

stem	from	asymmetric	information	as	proposed	by	Myers	&	Majluf	(1984)	(Brounen,	Jong,	&	Koedijk,	2006).	

Although	the	pecking	order	theory	is	widely	supported,	Jensen	and	Meckling	(1976)	provided	an	alternative	

explanation	 for	 capital	 structure	 decisions	 based	 on	 principle-agent	 theory	 and	 argued	 that	 the	 optimal	

degree	of	 leverage	 is	where	the	marginal	agency	cost	of	debt	equals	the	marginal	agency	cost	of	outside	

equity	(Jensen	&	Meckling,	1976).	

	

6.1.4 Agency	Theory	

Berle	&	Means	(1932)	is	seen	as	the	origin	of	the	general	agency	theory,	as	they	discussed	the	separation	of	

ownership	and	control	in	the	modern	corporation	(Berle	&	Means,	1932).	Jensen	&	Meckling	(1976)	applied	

the	same	concepts	in	the	development	of	their	model	on	capital	structure	decisions.	They	define	agency	costs	

as	costs	related	to	issues	in	an	agency	relationship.3	Their	paper	integrates	elements	from	agency	theory,	

theory	of	property	rights,	and	financial	theory	to	develop	a	new	theoretical	angle	on	the	ownership	structure	

of	companies.	The	authors	argue	that	as	long	as	rational	expectations	characterize	capital	markets,	the	prices	

of	assets	will	reflect	unbiased	estimates	of	the	agency	costs	related	to	monitoring	and	redistribution,	and	

that	these	costs	will	accrue	to	the	firm	(Jensen	&	Meckling,	1976).	Based	on	this	notion,	the	firm’s	optimal	

																																																													
3	Agency	relationship:	“An	agency	relationship	[is]	a	contract	under	which	one	or	more	persons	(the	principal(s))	
engage	another	person	(the	agent)	to	perform	some	service	on	their	behalf	which	involves	delegating	some	decision	
making	authority	to	the	agent.	If	both	parties	to	the	relationship	are	utility	maximizers,	there	is	a	good	reason	to	
believe	that	the	agent	will	not	always	act	in	the	best	interests	of	the	principal"	(Jensen	&	Meckling,	1976,	p.	308).	
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choice	of	leverage	is	where	the	total	of	agency	costs	are	minimized,	defined	as	the	sum	of	monitoring	costs4	

by	the	principal,	bonding	costs5	by	the	agent,	and	residual	 loss6	(Jensen	&	Meckling,	1976).	The	minimum	

total	agency	costs	is	reached	by	balancing	the	agency	costs	associated	with	outside	equity	(e.g.	monitoring	

costs,	 residual	 loss	 etc.)	 and	 the	 agency	 costs	 associated	with	debt	 (opportunity	wealth	 loss,	 bankruptcy	

costs,	bonding	expenditures	etc.),	to	a	level	where	the	marginal	cost	of	the	two	is	equal	(Jensen	&	Meckling,	

1976).	 In	general,	 Jensen	&	Meckling	 (1976),	present	a	new	 theory	on	 the	optimal	 choice	of	 leverage	by	

introducing	agency	costs	as	the	primary	determinant,	and	thus	support	the	notion	of	an	optimal	debt	level	

(as	in	trade-off	theory).	However,	they	argue	that	this	level	is	determined	by	costs	not	investigated	earlier.	

Jensen	contributed	to	agency	theory	in	1986	with	his	free	cash-flow	theory.	In	this	theory,	Jensen	explained	

the	disciplinary	role	of	debt	suggesting	that	firms	with	higher	level	of	debt	have	less	agency	costs.	He	calls	

the	effect	for	control	hypothesis,	saying	that	leveraging	the	firm	commits	the	management	to	pay	out	cash,	

which	is	reducing	the	agency	costs	(Jensen	M.	C.,	1986).	This	because	the	debt	commits	the	firm	to	pay	out	

cash,	which	reduces	the	amount	of	free	cash	available	for	managers	to	use	in	their	favor.	Hence,	there	is	a	

positive	relationship	between	debt	and	performance	in	the	free	cash-flow	theory.	

Jensen	further	used	the	agency	theory	on	capital	structure	in	his	publication	on	the	emergence	of	Leverage	

Buyouts	(LBOs):	Eclipse	of	Public	Corporation	(Jensen,	1989).	Jensen	argued	that	“these	new	organizations”	

were	outperforming	the	public	corporations	because	they	were	able	to	improve	efficiency,	productivity,	and	

shareholder	value	by	resolving	the	conflict	between	investors	and	managers.	Further,	Jensen	claimed	that	

the	 concerns	 for	 the	 "leveraging	 of	 corporate	 America"	 were	 based	 on	 misinterpretations	 of	 the	

characteristics	of	the	arising	debt.	More	specifically	he	posed	three	points	the	critics	often	missed.	First,	the	

rapid	 increase	 in	 the	market	 value	 of	 public	 firms	 demanded	 an	 increase	 in	 debt	 to	 avoid	 deleveraging.	

Second,	the	debt	issuing	increased	the	free	cash	flow	available	for	payout	and	thus	increased	shareholder	

value.	 And	 third,	 overleveraging	 can	 be	 economically	 beneficial	 when	 a	 company	 is	 going	 through	 a	

reorganization	process	 (Jensen,	 1989).	 In	 sum,	 the	publication	 showed	how	 the	 emergence	of	 leveraged	

companies	in	The	United	States	could	be	beneficial	because	leverage	can	mitigate	extensive	agency	costs	in	

public	companies	with	a	sub-optimal	debt-equity	ratio.	

																																																													
4	Monitoring	costs:	“The	principal	can	limit	divergences	from	his	interest	by	establishing	appropriate	incentives	for	the	
agent	and	by	incurring	monitoring	costs	designed	to	limit	the	aberrant	activities,	of	the	agent”	(Jensen	&	Meckling,	
1976,	p.	308).	
5	Bonding	costs:	“In	addition	in	some	situations	it	will	pay	the	agent	to	expend	resources	(bonding	costs)	to	guarantee	
that	he	will	not	take	certain	actions	which	would	harm	the	principal	or	to	ensure	that	the	principal	will	be	
compensated	if	he	does	take	such	actions”	(Jensen	&	Meckling,	1976,	p.	308).	
6	Residual	loss:	“The	dollar	equivalent	of	the	reduction	in	welfare	experienced	by	the	principal	due	to	[divergence	
between	the	agent’s	decisions	and	those	decisions	which	would	maximize	the	welfare	of	the	principal]	is	also	a	cost	of	
the	agency	relationship,	and	we	refer	to	this	latter	cost	as	the	residual	loss”	(Jensen	&	Meckling,	1976,	p.	308).	
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Although	agency	theory	is	widely	discussed	and	supported,	especially	in	the	field	of	corporate	governance,	

research	on	capital	structure	determinants	struggle	to	find	evidence	for	the	practice	of	Jensen	&	Meckling’s	

(1976)	 theory.	As	discussed	previously,	 several	 survey	 results	have	 found	evidence	both	 for	 the	 trade-off	

theory	and	 the	pecking	order	 theory	 (Graham	&	Harvey,	2001;	Bancel	&	Mittoo,	2004;	Brounen,	 Jong,	&	

Koedijk,	2006;	Drobetz,	Gounopoulos,	Merikas,	&	Schrøder,	2013).	However,	the	same	studies	were	not	able	

to	 find	 evidence	 of	 agency	 costs	 being	 a	 determinant	 applied	 by	managers.	 For	 example,	 there	was	 no	

evidence	of	agency	cost	considerations	in	Graham	and	Harvey	(2001)	survey	on	The	United	States	market	

(Graham	&	Harvey,	2001).	Brounen	et	al.	(2006)	followed	up	with	a	similar	study	in	Europe	and	ended	up	

with	the	same	conclusion:	“we	do	not	find	convincing	evidence	[…]	for	agency	problems”	(Brounen,	Jong,	&	

Koedijk,	2006,	p.	1411).	

From	these	results,	it	can	be	concluded	that	the	agency	theory	provides	some	theoretical	interpretation	of	

capital	 structure	 choices.	 However,	 the	 lack	 of	 practical	 application	 of	 the	 capital	 structure	 theory	 was	

attempted	solved	by	Baker	&	Wurgler	(2002)	 in	the	development	of	their	recent	theory	based	on	market	

timing	(Baker	&	Wurgler,	2002).	

	

6.1.5 Market	Timing	

Baker	&	Wurgler	(2002)	argue	that	the	capital	structure	of	firms	is	not	determined	by	an	attempt	to	reach	an	

optimal	level,	nor	determined	by	the	availability	of	retained	earnings	and	low-risk	securities.	In	their	paper,	

Market	Timing	and	Capital	Structure,	they	argue	that	the	leverage	of	a	firm	is	an	aggregated	result	of	equity	

market	timing7	(Baker	&	Wurgler,	2002).	In	other	words,	by	issuing	shares	when	the	stock	price	is	high	and	

repurchase	shares	when	the	management	believes	the	firm	is	undervalued,	the	capital	structure	develops	

continuously	over	the	lifetime.	This	argument	assumes	an	inefficient	market	and	would	benefit	the	ongoing	

shareholders	at	the	cost	of	entering	or	exiting	investors	if	practiced	correctly	(Baker	&	Wurgler,	2002).	This	

result	supports	the	notion	of	managers	acting	in	the	best	interest	of	the	existing	shareholders,	as	argued	by	

Myers	&	Majluf	(1984),	among	others.	Note	that	this	theory	is	most	relevant	for	listed	firms	as	they	issue	

equity	more	frequently,	however,	it	is	also	applicable	to	non-listed	firms.	

The	market	 timing	behavior	 is	explained	 in	 two	ways.	The	 first	 is	a	dynamic	version	of	 the	pecking	order	

theory	with	rational	management	and	investors,	where	adverse	selection	varies	across	firms	and	time,	and	

																																																													
7	Equity	market	timing:	“Equity	market	timing	refers	to	the	practice	of	issuing	shares	at	high	prices	and	repurchasing	at	
low	prices”	(Baker	&	Wurgler,	2002,	p.	1)	
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is	 inversely	 related	 to	 the	 market-to-book	 ratio.	 The	 second	 explains	 market	 timing	 by	 managers’	

expectations	of	irrational	market	behavior	and	thus	issue	equity	at	high	price	levels.	The	results	of	the	paper	

do	not	differentiate	between	the	two	but	point	out	that	the	latter	is	more	in	line	with	empirical	findings	of	

previous	studies	(Baker	&	Wurgler,	2002).	

The	market	timing	theory	on	capital	structure	 is	not	as	widely	discussed	as	the	other	presented	theories,	

partly	 because	 of	 its	 recent	 development.	 However,	 several	 authors	 have	 been	 able	 to	 find	 empirical	

evidence	of	the	practice	of	equity	market	timing.	 In	Graham	&	Harvey’s	(2001)	survey	of	392	CFOs	in	the	

United	 States,	 more	 than	 two-thirds	 replied	 “yes”	 to	 whether	 “the	 amount	 by	 which	 [their]	 stock	 is	

undervalued	or	overvalued	by	the	market”	has	been	seriously	considered	in	issuing	common	stock	(Graham	

&	Harvey,	2001,	p.	216).	Furthermore,	European	studies	have	concluded	that	more	than	half	of	European	

CFOs	share	the	same	view	as	their	American	counterparts	(Bancel	&	Mittoo,	2004;	Brounen,	Jong,	&	Koedijk,	

2006).	 The	evidence	 is	 further	 supported	by	 the	 findings	 from	numerous	 recent	publications	 (Hackbarth,	

Miao,	&	Morellec,	2006;	Cook	&	Tang,	2010;	Drobetz,	Gounopoulos,	Merikas,	&	Schrøder,	2013;	Kim,	Sohn,	

&	Seo,	2015).	

	

6.1.6 Summary	of	Capital	Structure	Theory	

A	review	of	the	most	influential	theories	of	capital	structure;	the	Modigliani	&	Miller	irrelevance	theory,	the	

trade-off	 theory,	 the	pecking	order	 theory,	 the	agency	theory	of	capital	structure,	and	the	market	 timing	

theory;	 provides	 insight	 into	 the	 discussion	 of	 determinants	 and	 importance	 of	 firms’	 capital	 structure	

strategies.	Although	 several	 theories	have	emerged	 from	 the	 late	1950s,	 there	does	not	 seem	 to	be	any	

consensus	 regarding	which	 theory	 that	 best	 explains	what	 is	 observed	 in	 the	 real	world.	 Therefore,	 it	 is	

reasonable	 to	 assume	 that	 no	 single	 existing	 theory	 explains	 the	 capital	 structure	 decisions	 and	

consequences,	but	by	combining	these,	valuable	insights	into	theoretical	effects	and	practice	may	be	drawn.	

This	review	is	thus	valuable	in	the	development	of	the	hypotheses	in	section	8.	

	

 The	Financial	Crisis	and	its	Impact	on	Capital	Structure	

The	period	of	analysis	is	including	the	financial	crisis	of	2008	because	it	is	assumed	that	the	crisis	will	affect	

firms’	capital	structure.	A	comparison	of	the	level	of	debt	of	listed	and	non-listed	firms	after	the	crisis	will	be	

performed	because	leverage	is	expected	to	be	normalized	in	this	period.	Previous	studies	have	looked	at	the	

capital	structure	of	companies	in	the	same	period	as	this	study	in	attempt	to	reveal	how	financial	distress	
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affects	the	level	of	debt.	The	following	section	consists	of	a	review	of	these	studies	to	create	a	basis	for	the	

hypotheses.	

The	 financial	 crisis	 forced	 firms	 to	 critically	 consider	 their	 capital	 structure,	 as	 firms	 faced	problems	 that	

stemmed	from	their	 financial	policies	due	to	a	shortage	of	capital	and	 increased	risk	 in	 the	market.	Both	

lenders	 and	 borrowers,	 or	 capital	 suppliers	 and	 firms,	 got	 reluctant	 to	 lock	 in	 the	 capital	 in	 long-term	

investments	during	periods	of	recession.	The	reason	for	this	was	the	increasing	uncertainty	and	risk,	as	well	

as	declines	 in	expected	returns.	From	a	 lenders	perspective,	default	probabilities	 increased	and	 the	 term	

premium8	 at	 which	 they	 were	 willing	 to	 lend	 increased	 significantly	 during	 the	 financial	 crisis.	 From	 a	

borrower’s	perspective,	increased	uncertainty	and	risk	may	make	firms	unable	to	commit	to	long	maturity.	

Hence,	it	is	assumed	that	they	were	reducing	their	debt	maturity,	lowering	the	level	of	long-term	debt	and	

raising	the	level	of	short-term	debt.	Following	the	results	from	previous	research,	it	is	further	assumed	that	

the	total	level	of	debt	was	reduced	as	firms	took	on	less	debt	in	general	(Demirguc-Kunt,	Martinez-Peria,	&	

Tressel,	2015;	Gürkaynak	&	Wright,	2012;	Dick,	Schmeling,	&	Schrimpf,	2013).	

Another	example	of	why	and	how	firms	change	capital	structure	during	a	financial	crisis	is	explained	by	the	

capital	structure	model	by	Brunnermeier	and	Oehmke	(2013).	It	shows	that	a	firm’s	incentive	to	shorten	the	

maturity	of	debt	is	increased	during	times	of	high	volatility,	even	though	they	are	exposed	to	higher	rollover	

costs9	associated	with	short-term	debt	(Brunnermeier	&	Oahmke,	2013).	They	conclude	that	during	periods	

of	economic	 crisis,	 new	 issuance	of	 long-term	debt	will	 decline,	 and	 the	new	 issuances	will	 have	 shorter	

maturities	(Brunnermeier	&	Oahmke,	2013).	

Demirguc-Kunt,	Martinez-Peria,	and	Tressel	(2015)	show	in	their	study	that	during	the	global	financial	crisis	

in	2008,	firm	leverage,	the	use	of	long-term	debt,	and	debt	maturity	all	declined	among	firms	that	used	long-

term	debt	before	the	crisis.	The	evidence	of	these	declines	was	stronger	for	privately	held	firms,	and	weaker	

for	 listed	 firms,	 which	 they	 explained	 by	 the	 fact	 that	 public	 firms	 are	 typically	 much	 larger,	 and	 have	

significantly	easier	access	to	capital	market	financing	(Demirguc-Kunt,	Martinez-Peria,	&	Tressel,	2015).	

	

																																																													
8	Term	Premium:	The	difference	between	the	interest	rate	for	locking	up	your	money	for	an	extended	period	and	what	
you	would	get	if	you	kept	rolling	over	short-term	instruments	for	the	same	amount	of	time.	Term	premium	includes	
compensations	to	investors	for	the	higher	risk	of	holding	long-term	bonds	(McCormick,	2017).	
9	Rollover	risk:	A	risk	associated	with	the	refinancing	of	debt,	which	is	when	debt	is	rolled	over	into	new	debt	
(Investopedia,	Rollover	Risk,	2018).	
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 Listed	vs.	Non-Listed	Firms	

As	mentioned	in	the	introduction,	the	main	financial	difference	between	listed	and	non-listed	firms	is	the	

access	to	equity.	Listed	firms	are	noted	on	a	stock	exchange,	which	enables	them	to	issue	equity	in	the	public	

capital	market.	On	the	other	hand,	along	with	an	IPO	comes	regulations	and	required	filings	such	as	earnings	

reports	and	notices	of	events,	making	the	firm	more	transparent	for	the	public	and	more	exposed	to	market	

fluctuations.	

Firms	have	various	reasons	for	being	private	or	listed	on	an	exchange.	As	privately	held	firms,	and	especially	

the	Leveraged	Buyouts	(LBOs),	emerged	 in	the	1980s,	the	discussion	regarding	 listed	and	non-listed	firms	

arose.	 Before	 the	 development	 of	 empirical	 studies	 on	 the	 difference	 in	 performance	 between	 the	 two	

company	types,	Jensen	(1989)	published	an	article	claiming	that	private	companies	were	superior	of	public	

companies	 in	performance,	due	 to	 lower	agency	 costs	 (Jensen,	1989).	 In	 the	 same	article,	 Jensen	 (1989)	

claimed	 that	 this	 superiority	 in	performance	was	despite	a	higher	 level	of	debt.	Without	providing	much	

empirical	evidence	to	his	claims,	the	article	created	a	basis	for	the	research	to	come,	as	the	difference	 in	

performance	and	 leverage	are	the	two	most	 frequently	 researched	topics	when	comparing	 listed	to	non-

listed	companies.	

	

6.3.1 Performance	of	Listed	and	Non-Listed	Firms	

In	 the	 time	 following	 the	 LBO	 boom,	 several	 researchers	 attempted	 to	 find	 empirical	 evidence	 of	 the	

difference	in	performance	between	listed	and	non-listed	companies.	Mayers	&	Alexander	performed	one	of	

the	 first	practical	 studies	 in	1991.	By	 investigating	a	dataset	 consisting	of	544	British	public	 firms	and	56	

private	firms,	they	found	evidence	that	listed	companies	outperformed	the	non-listed	companies,	measured	

by	profits	(Mayers	&	Alexander,	1991).	In	addition	to	performance,	the	listed	firms	had	significantly	higher	

levels	of	investment	and	higher	growth	rates.	

Research	following	Mayers	&	Alexander	have	mostly	been	investigating	the	difference	in	the	performance	of	

companies	before	and	after	going	public,	either	through	Initial	Public	Offering	(IPO)10	or	reverse	LBOs11.	One	

of	these	studies	were	performed	by	Degeorge	&	Zeckhauser	(1993)	who	studied	62	reverse	LBOs	from	1983	

to	1987.	They	found	evidence	opposing	Mayers	&	Alexander	(1991).	In	their	study,	the	empirical	evidence	

implied	that	companies'	performance	decreased	following	a	reverse	LBO,	which	later	proved	to	be	consistent	

																																																													
10	Initial	Public	Offering	(IPO):	“The	process	of	selling	stock	to	the	public	for	the	first	time”	(Berk	&	DeMarzo,	2014,	p.	
1055)	
11	Reverse	LBO:	“LBOs	[that]	go	public	again”	(Degeorge	&	Zeckhauser,	1993,	p.	1323)	
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with	the	findings	of	a	significant	proportion	of	studies	(Degeorge	&	Zeckhauser,	1993).	A	similar	study	of	IPOs	

from	1976	to	1988	supported	the	evidence	of	Degeorge	&	Zeckhauser	(1993).	They	found	that	before	the	

firms	went	public,	they	had	superior	performance	measured	by	both	Return	of	Assets	(ROA)	and	operating	

cash	flow	divided	by	total	assets,	 in	addition	to	observing	a	 fall	 in	 the	price	 following	an	 IPO	(Jain	&	Kini,	

1994).	With	a	sample	of	more	than	200	IPOs	in	the	United	States	from	1980	to	1983,	Mikkelson	et	al.	(1997)	

were	able	to	further	support	the	evidence	that	non-listed	companies	were	outperforming	listed	companies	

(Mikkelson,	Partch,	&	Shah,	1997).	By	comparing	Return	on	Assets	(ROA)	before	and	after	the	IPO	they	found	

that	the	performance	of	the	firms	in	their	sample	declined	significantly	following	a	public	offering.	Pagano	et	

al.	 (1998)	 found	evidence	supporting	the	results	of	Mikkelson	et	al.	 in	a	study	of	 Italian	companies	going	

public.	Using	ROA	as	the	performance	measure,	they	found	evidence	that	companies	outperform	themselves	

prior	to	an	IPO.	

Although	most	studies	have	focused	on	the	change	in	performance	from	before	an	IPO	to	the	period	after,	

some	studies	have	performed	panel	data	analysis	to	answer	the	same	question.	In	an	investigation	of	Italian	

listed	and	non-listed	firms	from	1994,	Rondi	et	al.	found	evidence	supporting	the	majority	of	the	previous	

research.	Their	analysis	led	to	the	conclusion	that	non-listed	firms	outperform	listed	firms,	similar	to	what	

Pagano	et	al.	(1998)	found	by	examining	firms	from	the	same	country	(Rondi,	Sembenelli,	&	Zanetti,	1994).	

Capasso,	Rossi,	and	Simonetti	(2006)	provide	a	more	recent	panel	data	study,	performed	on	30	listed	and	30	

non-listed	companies	in	Europe.	Their	results	are	also	supporting	the	bulk	of	the	research,	by	concluding	that	

non-listed	 firms	 have	 higher	 Return	 on	 Equity	 (ROE)	 than	 listed	 companies	 while	 controlling	 for	 several	

independent	 factors	 (Capasso,	Rossi,	&	Simonetti,	2006).	However,	by	 including	growth	as	a	part	of	 their	

analysis,	Capasso	et	al.	(2006)	conclude	that	listed	firms	have	higher	growth	than	non-listed	firms,	despite	

the	difference	in	performance.	A	study	by	Claessens	&	Tzioumis	of	listed	and	non-listed	firms	in	Europe	from	

the	same	year,	also	reveal	an	interesting	observation.	When	measuring	performance	by	ROA	and	Return	on	

Sales	(ROS)12,	the	study	supports	the	outperformance	by	non-listed	firms.	On	the	other	hand,	when	using	

Earnings	before	Interest	and	Taxes	(EBIT)	as	dependent	variables,	the	relationship	is	opposite	(Claessens	&	

Tzioumis,	2006).	Their	conclusion	was	that	non-listed	firms	seemed	to	have	better	performance	than	listed	

firms,	but	that	the	margins	of	listed	firms	are	higher.	Because	these	findings	are	somewhat	conflicting,	their	

results	are	inconclusive	in	terms	of	determining	if	one	organizational	form	outperforms	the	other.	

	

																																																													
12	Return-on-Shareholders’	Equity	(ROS):	“Measures	the	rates	of	return	on	shareholders’	investment”	(Claessens	&	
Tzioumis,	2006,	p.	268)	
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6.3.2 Leverage	of	Listed	and	Non-Listed	Firms	

As	argued	 in	 the	 introduction,	 listed	and	non-listed	 firms	are	expected	 to	have	deviating	 leverage-ratios,	

which	motivates	a	review	of	how	these	differences	affect	how	firms	perform.	As	Jensen	(1989)	pointed	out	

after	the	private	firm	emerged	in	the	United	States,	there	were	many	critics	of	LBOs	due	to	the	high	levels	of	

leverage	(Jensen,	Eclipse	of	Public	Corporation,	1989).	LBOs	increased	firms’	the	level	of	debt	as	they	went	

from	being	public	to	private	because	the	equity	holders	were	being	bought	out	by	debt	primarily.	However,	

the	 question	 whether	 private	 firms	 were	 more	 leveraged	 than	 public	 firms,	 in	 general,	 was	 yet	 to	 be	

answered.	 Although	 few	 have	 discussed	 how	 the	 differences	 in	 leverage	 are	 directly	 connected	 to	 the	

performance	of	listed	and	non-listed	firms,	several	researchers	have	attempted	to	find	evidence	of	significant	

differences	between	 the	 levels	of	debt.	 In	addition	 to	concluding	 that	non-listed	 firms	outperform	 listed,	

Rondi	et	al.	 (1994)	concluded	in	a	separate	analysis	that	non-listed	firms	have	higher	 leverage	than	listed	

firms	 (Rondi,	 Sembenelli,	 &	 Zanetti,	 1994).	 A	 similar	 conclusion	was	 drawn	 from	Mull	&	Winters’	 article	

published	 in	 1997.	 In	 an	 investigation	 of	 firms	 that	 moved	 from	 private	 to	 public	 through	 IPOs,	 it	 was	

concluded	that	the	level	of	debt	decreased	as	the	firms	went	public	(Mull	&	Winters,	1997).	Similar	to	the	

conclusions	of	Rondi	et	al.	(1994),	the	Pagano	et	al.	(1998)	study	draw	conclusions	on	the	level	of	leverage	in	

addition	to	differences	in	performance.	The	results	of	their	analysis	suggest	that	not	only	do	non-listed	firms	

have	 higher	 leverage,	 but	 also	 higher	 investments	 (Pagano,	 Panetta,	 &	 Zingales,	 1998).	 The	 results	 on	

leverage	are	further	supported	by	a	panel	data	study	of	listed	and	non-listed	Belgian	firms.	After	controlling	

for	a	number	of	other	determinants	of	capital	structure,	the	empirical	analysis	finds	that	listed	firms	are	less	

leveraged	 than	 non-listed	 firms	 and	 that	 the	 determinants	 of	 capital	 structure	 are	 somewhat	 different	

between	 the	 two	 (Schoubben	 &	 Hulle,	 2004).	More	 recent	 studies	 are	 also	 supporting	 the	 results	 from	

previous	research	by	panel	data	analysis	of	listed	and	non-listed	companies,	as	in	the	study	by	Schoubben	&	

Hulle	(2004)	(Capasso,	Rossi,	&	Simonetti,	2006;	Hall	&	Joergensen,	2015).	However,	the	study	by	Claessens	

&	Tzioumis	(2006)	did	not	only	discover	interesting	findings	in	performance	differences	of	listed	and	non-

listed	 firms	 but	 also	 in	 terms	 of	 leverage.	 The	 analysis	 provides	 no	 significant	 difference	 in	 leverage	 nor	

ownership	concentration,	contradicting	many	of	the	previous	studies.	None	of	these	studies	discuss	short-

term	and	long-term	debt	specifically,	nor	how	the	maturity	differ	between	listed	and	non-listed	companies.	

However,	 the	 suggestions	 of	 capital	 structure	 theory,	 presented	 in	 section	 6.1,	 will	 be	 used	 in	 the	

development	of	the	hypotheses	in	section	8	to	distinguish	between	the	total,	short-term,	and	long-term	debt.	
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6.3.3 Summary	of	Research	on	Listed	and	Non-Listed	Firms	

The	differences	in	capital	structure	and	performance	between	listed	and	non-listed	companies	is	not	a	highly	

researched	topic,	but	there	is	a	rather	large	consensus	in	the	results.	However,	the	majority	of	the	findings	

from	empirical	research	conclude	that	the	performance	measures	of	non-listed	firms	are	higher	than	those	

of	 the	 listed.	 In	addition	 to	 the	conclusion	on	performance,	a	 substantial	proportion	of	 researchers	have	

found	evidence	that	non-listed	firms	have	higher	levels	of	debt	than	listed	firms.	Some	authors	argue	that	

ownership	 structure	 and	 agency	 cost	 matters	 for	 the	 performance	 of	 a	 firm	 (Jensen,	 Eclipse	 of	 Public	

Corporation,	 1989;	 Rijken,	 Booij,	 &	 Buckley,	 1999;	 Kirchmaier	 &	 Grant,	 2005).	 However,	 others	 provide	

empirical	evidence	 that	 the	ownership	 structure	 is	not	of	 significance	 (Mikkelson,	Partch,	&	Shah,	1997).	

Although	 agency	 costs	 are	 logical,	 the	 lacking	 empirical	 evidence	makes	 the	 research	 on	 the	 sources	 of	

performance	differences	inconclusive.	

	

7 Dependent	and	Independent	Variables	

To	further	develop	the	basis	for	the	hypotheses,	this	section	investigates	the	different	variables	used	in	this	

study.	 Specifically,	 the	 following	 sections	 define	 each	 dependent	 and	 independent	 variable,	 as	well	 as	 it	

provides	a	discussion	of	why	they	are	used	and	how	they	are	expected	to	act	in	accordance	to	the	various	

theories	presented	 in	 the	previous	section.	The	variables	are	divided	 into	 three	categories:	performance,	

capital	structure,	and	control	variables.	First,	the	capital	structure	theories	presented	in	section	6.1	are	used	

to	discuss	how	the	firm-specific	variables	are	expected	to	affect	a	firm's	level	of	debt.	Thereafter,	it	will	be	

discussed	how	the	leverage	variables	are	expected	to	 impact	performance	based	on	the	same	theoretical	

basis.	Further,	financial	theory	is	used	to	consider	how	the	firm-specific	variables	will	affect	the	performance	

of	the	firm.	Table	3	provides	an	overview	of	the	dependent	and	independent	variables.	
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Table	3	-	Definition	of	Variables	–	Source:	Own	Contribution	

	

 Performance	Variables	

To	measure	the	performance	of	the	listed	and	unlisted	firms	in	our	sample,	Return	on	Assets	(ROA),	Return	

on	Equity	(ROE),	and	Return	on	Capital	Employed	(ROCE)	 is	used.	They	are	all	accounting-based	measures	

calculated	from	the	firm's	financial	statements.	

	

7.1.1 Return	on	Assets	

ROA	is	the	first	of	the	three	performance	measures	used	in	this	paper:	

𝑅𝑒𝑡𝑢𝑟𝑛	𝑜𝑛	𝐴𝑠𝑠𝑒𝑡𝑠 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒

𝐵𝑜𝑜𝑘	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝐴𝑠𝑠𝑒𝑡𝑠
1 13	

ROA	reflects	how	efficient	the	companies'	management	use	available	assets	to	generate	profit.	The	assets	in	

the	denominator	have	been	financed	by	both	debt	and	equity	investors	and	are	therefore	unaffected	by	the	

firms'	choice	of	capital	structure.	However,	the	net	income	is	affected	by	the	firm's	leverage,	as	the	interest	

payments	are	deducted	before	taxation.	The	higher	ROA,	the	better	the	management	is	at	generating	profits	

from	their	available	assets.	

ROA	 has	 been	 used	 in	many	 studies	 as	 a	measure	 of	 performance	when	 analyzing	 the	 effect	 of	 capital	

structure,	 ownership	 structure,	 or	 corporate	 governance	 on	 firm	 performance	 (Gutiérrez	 &	 Tribó,	 2004;	

																																																													
13	(Berk	&	DeMarzo,	2014,	p.	43)	

Variable Measure Unit Short	name Definition

Performance Return	on	Assets % ROA Sum	of	net	income	divided	by		book	value	of	total	assets
Return	on	Equity % ROE Net	income	divided	by	book	value	of	equity
Return	on	Capital	Employed % ROCE Earnings	before	interest	and	tax	divided	by	capital	employed	

(shareholders	equity	+	debt	liabilities)

Capital	structure Total	debt % TD Total	liabilities	divided	by	total	assets
Long	term	debt % LTD Non-current	liabilites	divided	by	total	assets
Short	term	debt % SDT Current	liabilites	divided	by	total	assets

Control Size USDt TotAss Total	Assets
Age ln lnAge 2018	subtracted	by	year	of	incorporation
Tangibility % TanRat Tangible	assets	divided	by	total	assets
Growth % SalesGrowth Growth	YoY%	in	operating	revenue

Dummies Industry NAICS	Code NAICS To	account	for	differences	across	industries
Financial	crisis Years Crisis Before	crisis,	during	crisis	and	after	crisis
Listed	/	non-listed Listed/Unlisted 1	stands	for	listed	company,	0	stands	for	non-listed
Country Name Country DK,	ICE,	FIN,	NOR,	SWE
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Claessens	&	Tzioumis,	2006;	Demirguc-Kunt,	Martinez-Peria,	&	Tressel,	2015;	Ebaid,	2009;	Salim	&	Yadav,	

2012;	 Kazmierska-Jozwiak,	 Marszałek,	 &	 Sekuł,	 2015;	 Lepore,	 Paolone,	 Pisano,	 &	 Alvino,	 2017).	 This	 is	

contributing	to	the	choice	of	this	particular	measure.	

	

7.1.2 Return	on	Equity	

ROE	is	used	as	a	second	measure	of	performance.	

𝑅𝑒𝑡𝑢𝑟𝑛	𝑜𝑛	𝐸𝑞𝑢𝑖𝑡𝑦 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒

𝐵𝑜𝑜𝑘	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝐸𝑞𝑢𝑖𝑡𝑦
2 14	

ROE	reflects	how	much	profit	a	firm	has	generated	from	its	shareholders'	equity.	A	high	ROE	may	indicate	

that	the	firm	can	find	investment	opportunities	that	are	very	profitable.	The	measure	has	been	used	in	several	

studies	 as	 a	 measure	 of	 performance	 when	 analyzing	 the	 effect	 of	 either	 capital	 structure,	 ownership	

structure,	or	corporate	governance	on	firm	performance	(Abor,	2005;	Ebaid,	2009;	Salim	&	Yadav,	2012).	

The	main	difference	between	ROA	and	ROE	is	the	financial	debt,	which	is	included	in	ROA,	but	not	in	ROE.	

Therefore,	ROE	can	be	a	misleading	measure	as	a	firm	can	get	a	high	ROE	without	being	more	efficient	at	

generating	profit	from	shareholders	equity.	A	firm	may	have	a	high	ROE	if	shareholders'	equity	makes	out	a	

smaller	portion	of	the	capital	structure,	but	at	the	same	time	have	a	low	ROA	as	financial	debt	makes	out	a	

larger	proportion.	

	

7.1.3 Return	on	Capital	Employed	

As	a	last	measure	of	performance,	we	use	ROCE,	which	measures	the	firm's	profitability	and	the	efficiency	at	

which	its	capital	is	employed.	

𝑅𝑒𝑡𝑢𝑟𝑛	𝑜𝑛	𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑚𝑝𝑙𝑜𝑦𝑒𝑑 =
𝐸𝐵𝐼𝑇

𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑚𝑝𝑙𝑜𝑦𝑒𝑑
3 15	

EBIT	is	the	firm's	earnings	before	interest	and	tax,	also	called	operating	income.	This	financial	ratio	shows	

how	much	the	firm	earns	from	its	operations	without	taking	interest	or	taxes	into	account.	Capital	employed	

																																																													
14	(Berk	&	DeMarzo,	2014,	p.	42)	
15	(Investopedia,	Return	on	Capital	Employed,	2018)	
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is	defined	as	the	total	amount	of	financing	that	the	firm	has	used	to	generate	profits,	calculated	as	the	sum	

of	shareholders	equity	and	debt	liabilities16.	

Compared	to	ROE,	it	can	be	argued	that	ROCE	is	a	better	measure	of	performance	as	it	includes	both	equity	

and	debt.	All	the	three	ratios	ROA,	ROE	and	ROCE	measure	performance,	but	with	different	perspectives.	

Together,	they	provide	a	clearer	picture	of	managers	effectiveness	and	hence	the	firm's	performance.	

To	sum	up	this	section,	several	financial	metrics	can	be	used	to	assess	a	firm's	profitability.	Based	on	available	

data,	previous	research,	and	a	subjective	assessment,	ROA,	ROE,	and	ROCE	are	used	in	the	research.	By	using	

three	different	measures	in	the	analyses,	the	results	are	more	robust.	

	

 Capital	Structure	Variables	

Three	different	ratios	are	used	to	measure	the	capital	structure	of	the	firms;	total	debt	ratio,	short-term	debt	

ratio,	and	long-term	debt	ratio.	They	are	all	accounting-based	measures	calculated	from	the	firm's	balance	

sheet	and	are	widely	used	among	previous	studies	within	the	same	field	(Wald,	1999;	Deesomak,	Paudyal,	&	

Pescetto,	2004;	Abor,	2005;	Ebaid,	2009;	Drobetz	W.	,	Gounopoulos,	Merikas,	&	Schrøder,	2013;	Demirguc-

Kunt,	Martinez-Peria,	&	Tressel,	2015).	

Total	debt	ratio	 (TD)	 is	calculated	as	total	 liabilities	over	total	assets.	Short-term	debt	 is	any	 loan	or	debt	

obligation	where	all	repayments	will	occur	within	the	next	year	(Berk	&	DeMarzo,	2014).	Short-term	debt	

ratio	(STD)	is	calculated	as	current	liabilities	to	total	assets,	where	current	liabilities	include	loans,	creditors	

and	 other	 current	 liabilities	 (Orbis,	 Orbis,	 2018).	 Long-term	 debt	 ratio	 (LTD)	 is	 calculated	 as	 non-current	

liabilities	 over	 total	 assets,	 where	 non-current	 liabilities	 include	 long-term	 debt	 and	 other	 non-current	

liabilities.	LTD	contains	loans	and	financial	obligations	lasting	more	than	one	year	(Berk	&	DeMarzo,	2014).	

LTD	provides	a	stable	measure	of	 the	 firm's	capital	 structure,	as	 it	 is	 infrequently	 issued.	Long-term	debt	

generally	 carries	a	higher	 interest	 rate,	as	 lenders	demand	a	higher	 return	 in	exchange	 for	 taking	on	 the	

higher	risk	of	lending	money	for	a	longer	period	of	time.	In	contrast,	short-term	debt	carries	a	relatively	low	

interest	rate	as	it	is	less	risky,	seen	from	a	lender’s	perspective.	

From	a	trade-off	theory	perspective,	expected	bankruptcy	costs	rise	when	profitability	declines.	The	threat	

of	 bankruptcy	 costs	 pushes	 less	 profitable	 firms	 toward	 lower	 debt	 targets.	 The	 theory	 suggests	 that	

profitable	firms	tend	to	have	higher	levels	of	debt,	as	they	can	more	effectively	use	the	tax	shields	on	interest.	

Higher	 operating	 profits	 also	 imply	 lower	 probability	 of	 financial	 distress	 and	 lower	 bankruptcy	 costs.	

																																																													
16	𝑆ℎ𝑎𝑟𝑒ℎ𝑜𝑙𝑑𝑒𝑟𝑠	𝑒𝑞𝑢𝑖𝑡𝑦	 + 	𝑑𝑒𝑏𝑡	𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠	 = 	𝑇𝑜𝑡𝑎𝑙	𝐴𝑠𝑠𝑒𝑡𝑠	– 	𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠	
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Therefore,	trade-off	theory	suggests	a	positive	relationship	between	profitability	and	level	of	debt	(Fama	&	

French,	2002;	Drobetz	W.	,	Gounopoulos,	Merikas,	&	Schrøder,	2013).	

In	contrast,	the	pecking	order	theory	suggests	that	firms	with	higher	profitability	have	a	lower	target	level	of	

debt.	 This	 is	 because	 internal	 funds	 are	 preferred	 over	 external	 financial	 debt	 to	 avoid	 costs	 related	 to	

asymmetric	information	(Rajan	&	Zingales,	1995;	Myers	&	Majluf,	1984).	The	higher	profitability,	the	more	

internal	 fund	 is	 available,	which	 implies	 an	 inverse	 relationship	 between	performance	 and	 level	 of	 debt.	

However,	the	pecking	order	theory	prefers	short-term	debt	to	long-term	debt	in	the	hierarchy	as	the	theory	

states	that	firms	prefer	to	issue	debt	with	as	low	risk	as	possible.	Following	that	notion,	the	pecking	order	

suggests	a	positive	relation	between	short-term	debt	and	performance,	relative	to	long-term	debt.	

According	to	Berk	&	DeMarzo	(2014),	agency	costs	are	smaller	for	short-term	debt	than	long-term	debt.	This	

is	because	with	long-term	debt,	shareholders	are	more	likely	to	profit	at	the	debt	holders’	expense	before	

the	 debt	 matures,	 leading	 to	 higher	 agency	 costs	 (Berk	 &	 DeMarzo,	 2014).	 Jensen	 (1986)	 refer	 to	 the	

disciplining	role	of	debt	in	his	free	cash-flow	theory,	suggesting	that	firms	with	higher	level	of	debt	have	fewer	

agency	 costs.	 He	 calls	 the	 effect	 for	 "control	 hypothesis",	 saying	 that	 leveraging	 the	 firm	 forces	 the	

management	to	pay	out	cash,	which	is	reducing	the	overinvestment	problem	and	agency	costs	(Jensen	M.	

C.,	1986).	This	implies	a	positive	relationship	between	debt	and	performance.	

Most	research	support	a	negative	relationship	between	debt	and	performance,	backed	up	by	the	pecking	

order	theory	and	the	market	timing	theory	(Kester,	1986;	Titman	&	Wessels,	1988;	Rajan	&	Zingales,	1995;	

Fama	&	French,	2002;	Pinagar	&	Wilbricht,	1989;	Wald,	1999;	Friend	&	Lang,	1988;	Abor,	2005;	Fan,	Titman,	

&	 Twite,	 2012;	 Demirguc-Kunt,	Martinez-Peria,	 &	 Tressel,	 2015).	 Other	 research	 found	 evidence	 for	 the	

opposite	relation,	which	is	supported	by	the	trade-off	theory	and	agency	theory,	but	this	was	not	significant	

(Long	 &	 Malitz,	 1985).	 Studies	 that	 distinguish	 between	 total,	 short-term,	 and	 long-term	 debt	 are	

contradicting	in	their	findings.	Many	find	an	equally	signed	relationship	between	the	three	types	of	debt	and	

performance.	However,	among	those	who	find	differing	results,	several	supports	the	notion	that	short-term	

is	more	positively	related	to	performance	than	long-term	debt	(Abor,	2005;	Arbabiyan	&	Safari,	2009).	

	

 Control	Variables	

To	capture	other	factors	that	affect	performance	and	that	are	correlated	with	the	level	of	debt,	a	set	of	firm-

specific	variables	are	included	in	the	regression	analyses.	These	control	variables	are	correlated	with	both	

the	 dependent	 and	 independent	 variables,	 and	 thus	 eliminate	 omitted	 variable	 bias	 issues	 (Wooldridge,	

2016).	The	firm-specific	variables	that	are	used	in	this	study	are	firm	size,	firm	age,	tangibility	of	assets,	and	
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growth.	The	decision	of	which	variables	to	use	is	based	on	several	previous	studies,	such	as	Harris	and	Raviv	

in	1991,	where	they	test	the	determinants	of	debt	(Harris	&	Raviv,	1991).	This	study	was	backed	up	by	later	

studies	within	the	same	field	(Long	&	Malitz,	1985;	Rajan	&	Zingales,	1995;	Wald,	1999;	Mitton,	2002;	Abor,	

2005;	Fan,	Titman,	&	Twite,	2012).	Further,	the	significance	of	the	variables	and	multicollinearity	was	tested	

to	decide	what	control	variables	to	include	and	exclude	(see	section	9).	 In	the	following	section	there	are	

descriptions	of	each	variable,	as	well	as	discussions	relating	the	variables	to	the	theory.	

	

7.3.1 Size	

Firm	size	is	measured	by	total	assets	and	affects	the	level	of	debt	in	a	number	of	ways.	Debt	can	be	secured	

with	the	firm's	assets	in	case	of	default,	indicating	that	larger	firms	have	better	possibilities	of	obtaining	debt	

from	creditors.	Because	of	this,	more	assets	imply	lower	risk	for	the	creditors,	which	enables	larger	firms	to	

reduce	 costs	 associated	 with	 long-term	 debt.	 Smaller	 firms'	 access	 to	 external	 finance	 is	 more	 likely	 to	

depend	on	the	specific	company's	relationship	to	the	bank.	Further,	smaller	firms	may	prefer	to	borrow	short-

term	rather	than	long-term,	to	reduce	issuance	costs	(Demirguc-Kunt,	Martinez-Peria,	&	Tressel,	2015).	It	is	

assumed	that	larger	firms	can	afford	the	higher	costs	of	issuing	long-term	debt,	indicating	that	larger	firms	

take	on	relatively	more	long-term	debt	and	smaller	firms	take	on	more	short-term	debt.	Further,	larger	firms	

are	more	 likely	 to	 obtain	 economies	 of	 scale	 and	 lower	 its	 average	 cost	 of	 production.	 This	 makes	 the	

operational	activities	more	efficient,	which	in	turn	will	generate	higher	ROA,	ROE,	and	ROCE.	

Trade-off	theory	suggests	that	large	firms	tend	to	be	more	diversified	and	exhibit	lower	probability	of	default	

(Drobetz	W.	,	Gounopoulos,	Merikas,	&	Schrøder,	2013;	Rajan	&	Zingales,	1995).	Lower	probability	of	default	

is	 implying	 an	 inverse	 relationship	 between	 size	 and	 the	 expected	 bankruptcy	 costs,	 which	 is	 further	

indicating	a	positive	correlation	between	size	and	level	of	debt	(Deesomak,	Paudyal,	&	Pescetto,	2004).	A	

higher	level	of	debt	is	also	required	for	larger	firms	to	benefit	from	the	tax	shield	fully.	

The	pecking	order	 theory	 suggests	 a	 positive	 correlation	between	 size	 and	debt.	 Size	 can	be	 a	proxy	 for	

information	 asymmetry	 between	 insiders	 and	 outsiders,	 assuming	 that	 the	 larger	 the	 firm,	 the	 more	

information	is	provided	to	outside	investors.	Therefore,	there	is	less	information	asymmetry	in	larger	firms.	

This	 indicates	 that	 larger	 firms	have	easier	access	 to	debt	 finance,	and	cost	of	debt	decreases	 relative	 to	

internally	generated	funds	which	make	debt	financing	more	attractive.	Therefore,	it	can	be	argued	that	the	

pecking	order	theory	predicts	a	positive	relationship	between	size	and	level	of	debt	financing.	

Jensen's	free	cash	flow	theory	suggests	that	larger	firms	have	lower	agency	costs	of	debt	(Jensen	M.	C.,	1986).	

This	implies	a	positive	relationship	between	the	size	of	the	firm	and	level	of	debt.	Rajan	&	Zingales	(1995)	
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writes	that	an	argument	for	firm	size	is	that	larger	firms	have	less	information	asymmetries	between	insiders	

in	the	firm	and	the	capital	markets	(Rajan	&	Zingales,	1995).	Therefore,	large	firms	should	be	more	capable	

of	issuing	equity,	and	should	thus	have	a	lower	level	of	debt.	Lower	information	asymmetry	also	suggests	less	

need	for	debt	as	a	disciplining	device,	indicating	a	reverse	relation	between	size	and	debt.	

The	market	timing	theory	 is	not	as	dependent	on	size	as	the	other	theories	because	the	capital	structure	

depends	on	their	market	valuations,	which	can	vary	independently	of	the	size	of	the	firm.	On	the	other	hand,	

size	may	increase	debt	as	large	firms	are	less	likely	to	enter	financial	distress,	indicating	a	positive	relationship	

between	size	and	debt	(Baker	&	Wurgler,	2002).	Baker	and	Wurgler	(2002)	also	found	that	large	firms	issue	

less	equity	as	a	percentage	of	assets	and	that	the	reduction	in	debt	that	occurs	at	the	IPO	is	much	smaller	for	

large	firms	(Baker	&	Wurgler,	2002).	

In	sum,	the	capital	structure	theories	suggest	a	significant	relationship	between	the	firm	size,	the	level	of	

debt,	and	performance.	This	justifies	the	inclusion	of	this	variable	in	the	analysis.		

	

7.3.2 Age	

The	age	of	the	firm	is	estimated	as	2018	subtracted	by	the	year	of	incorporation.	The	age	variable	used	in	the	

regression	is	the	natural	logarithm	of	age,	as	this	is	expected	to	have	a	non-linear	relation	to	capital	structure	

and	performance	(Wooldridge,	2016).	

The	age	of	the	firm	is	likely	to	affect	the	firm's	access	to	capital,	due	to	the	difference	in	risk	for	the	creditor.	

Younger	firms	may	have	more	significant	growth	opportunities,	which	is	a	determinant	for	shareholders	to	

invest	in	the	firm.	On	the	other	hand,	less	mature	firms	do	not	have	an	established	track	record	and	are	likely	

to	find	it	more	difficult	to	obtain	long-term	financing	from	external	sources.	Young	firms	are	also	more	likely	

to	choose	riskier	projects	before	they	switch	over	to	safer	investments	as	they	mature.	The	older	and	more	

established	the	firm	is,	with	a	longer	history	of	repaying	debt,	the	better	the	credit	rating.	The	better	the	

credit	rating,	the	more	likely	the	firm	is	to	obtain	long-term	finance	with	lower	borrowing	costs,	as	well	as	

long-term	funding	through	other	sources	than	banks	(Harris	&	Raviv,	1991).	In	general,	younger	firms	with	

limited	 history	 is	 in	 general	 expected	 to	 have	 a	 higher	 cost	 of	 capital	 than	more	 established	 companies	

because	lenders	and	investors	will	demand	a	premium	for	the	higher	risk	associated	with	newer	firms.	

Chibber	 and	 Majumdar	 (1999)	 argued	 that	 older	 companies	 are	 more	 experienced,	 but	 they	 found	 a	

significant	 negative	 relationship	 between	 age	 and	 performance	 in	 their	 empirical	 study	 (Chibber	 &	

Majumdar,	1999).	 In	contrast,	researchers	have	also	found	a	significant	positive	relationship	between	age	

and	performance	(Kuntluru,	Muppani,	&	Khan,	2008).	The	relationship	between	age	and	performance	is	thus	
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inconclusive,	 but	 the	 previous	 findings	 suggest	 that	 the	 variable	 should	 be	 included	 as	 it	 might	 have	

significant	correlation	to	the	dependent	and	independent	variables.	

	

7.3.3 Tangibility	of	Assets	

The	firm's	tangibility	of	assets	is	measured	by	fixed	assets	as	a	proportion	of	total	assets	and	represents	the	

collateral	value	of	assets.	According	 to	 the	 trade-off	 theory,	a	 firm	with	a	higher	 ratio	of	 fixed	assets	are	

subject	 to	 lower	 costs	 of	 financial	 distress	 because	 tangible	 assets	 decrease	 less	 in	 value	 in	 case	 of	

bankruptcy.	Besides,	tangible	assets	are	more	straightforward	to	evaluate	for	outsiders.	This	implies	lower	

information	asymmetry	and	 lower	agency	 costs	of	debt.	Therefore,	 the	 trade-off	 theory	and	agency	cost	

theory	suggest	a	positive	relation	between	tangible	assets	and	the	firms'	level	of	debt.	

Pecking	 order	 theory	 suggests	 that	 firms	 with	 more	 tangible	 assets	 are	 less	 subject	 to	 information	

asymmetries,	 which	 makes	 equity	 issuance	 less	 costly	 (Harris	 &	 Raviv,	 1991).	 This	 implies	 a	 negative	

relationship	between	tangible	assets	and	level	of	debt.	On	the	other	hand,	the	collateral	value	of	assets	can	

also	reduce	the	cost	of	debt,	by	issuing	a	secured	version	of	the	financing.	The	pecking	order	theory	implies	

that	debt	becomes	more	attractive	when	the	cost	is	reduced,	and	therefore	suggest	a	positive	relationship	

between	tangible	assets	and	level	of	debt.	

The	 estimated	 relationships	 between	 tangibility	 of	 assets	 and	 leverage	 from	 capital	 structure	 theory	 are	

opposing	but	they	all	suggest	a	significant	relationship.	Hence,	the	tangibility	should	be	controlled	for	in	the	

regression	analyses.	

	

7.3.4 Growth	

Another	 control	 variable	 used	 in	 the	 regression	 analysis	 is	 growth,	measured	 by	 the	 annual	 percentage	

change	in	operating	revenue.	The	historical	growth	is	used	as	an	indication	of	the	firms’	growth	opportunities.	

Previous	studies	have	also	used	market-to-book	value	and	Tobin’s	Q	as	a	measure	of	a	firm's	growth	(Rajan	

&	Zingales,	1995;	Drobetz	W.	,	Gounopoulos,	Merikas,	&	Schrøder,	2013;	Kim,	Sohn,	&	Seo,	2015).	Because	

the	sample	includes	unlisted	firms,	these	variables	are	not	used	in	this	study.	

Trade-off	theory	suggests	that	growing	firms	should	use	less	debt.	This	is	because	growth	opportunities	are	

intangible	 assets	 that	 cannot	be	used	as	 collateral	 in	 the	event	of	 bankruptcy.	Growth	opportunities	 are	

therefore	more	 likely	 to	 lose	 value	 in	 financial	 distress,	 and	 the	 trade-off	 theory	 thus	 implies	 a	 negative	

relationship	between	growth	opportunities	and	level	of	debt.	
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In	the	context	of	what	is	stated	by	the	trade-off	theory,	the	growth	opportunities	are	subject	to	higher	agency	

costs	due	to	difficulties	of	valuing	the	growth	opportunities	(Myers,	1984),	implying	a	negative	relationship	

between	growth	and	level	of	debt.	Jensen	&	Meckling	(1976)	concludes	that	higher	growth	increases	agency	

costs	because	debt	holders	may	fear	that	growing	firms	will	invest	in	riskier	projects.	Therefore,	agency	cost	

theory	also	suggests	a	negative	relationship	between	growth	and	level	of	debt.	

From	a	pecking-order	perspective,	the	relation	will	be	opposite.	Higher	growth	implies	higher	investments,	

and	when	 investment	 exceeds	 retained	 earnings,	 debt	 is	 expected	 to	 increase.	 Therefore,	 pecking-order	

theory	 suggests	 a	 positive	 relationship	 between	 growth	 and	 level	 of	 debt.	 However,	 when	 the	 growth	

opportunities	 lead	 to	 higher	 retained	 earnings	without	 investments	 exceeding	 this	 level,	 there	will	 be	 a	

negative	relation	between	growth	opportunities	and	level	of	debt.	

According	 to	market	 timing	 theory,	 there	should	be	a	negative	 relationship	between	growth	and	 level	of	

debt.	This	is	because	firms	prefer	to	issue	equity	when	the	stocks	are	overvalued,	which	means	that	a	higher	

market-to-book	 ratio	 will	 reduce	 the	 level	 of	 debt	 for	 listed	 firms	 (Antoniou,	 Guney,	 &	 Paudyal,	 2002).	

However,	 it	 is	 not	 ascertained	 that	 it	 the	 stocks	 are	 overvalued	 even	 though	market-to-book	 increases.	

Looking	at	 it	from	another	view,	 if	the	firm	has	growth	opportunities	the	public	are	not	familiar	with,	the	

management	may	look	at	the	share	as	undervalued,	as	they	know	that	it	will	be	worth	more,	based	on	the	

growth	opportunities	they	know	about.	Then,	the	firm	will	prefer	to	repurchase	stocks,	implying	an	increased	

level	of	debt.	

In	sum,	growth	is	a	measure	of	a	company’s	well-being.	Dependent	on	what	theory	you	follow,	this	measure	

is	expected	to	either	increase	or	decrease	the	level	of	debt.	Furthermore,	growth	is	often	positively	related	

to	performance.	This	suggests	that	growth	is	a	measure	that	should	be	included	as	a	control	variable	in	the	

analysis.	

	

7.3.5 Industry	

The	performance	and	leverage	of	a	firm	is	highly	influenced	by	the	industry	of	operation.	One	example	is	that	

specific	industries,	such	as	shipping,	oil	and	gas,	and	construction,	are	more	asset-intensive	than	others	and	

require	 a	 substantial	 initial	 investment.	 The	 formula	 for	 ROA	 has	 the	 firm's	 book	 value	 of	 assets	 as	 the	

denominator,	and	ROE	has	the	book	value	of	equity,	hence	they	are	dependent	on	industry	(see	section	7.1).		

Previous	studies	have	also	shown	that	different	industries	have	various	levels	of	debt.	For	example,	Harris	

and	Raviv	(1991)	found	that	service	companies	have	higher	debt	than	manufacturing	firms	(Harris	&	Raviv,	

1991).	As	 there	 are	many	 substantial	 differences,	 industry	dummies	 are	used	 to	 control	 for	 these	 in	our	
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regression	analysis.	The	industries	used	in	this	thesis	are	sorted	by	The	North	American	Industry	Classification	

System	(NAICS)	(United	States	Cencus	Bureau,	2018).	

	

7.3.6 Crisis	

To	investigate	if	the	financial	crisis	affected	firms'	capital	structure,	dummy	variables	for	the	financial	crisis	is	

included.	The	dummy	variables	also	correct	for	any	time-varying	effects,	as	will	be	discussed	in	section	9.	The	

financial	crisis	is	defined	as	the	period	from	2008	to	2010.	The	period	from	2006	to	2007	is	defined	as	before	

the	crisis,	and	2011	to	2016	is	defined	as	the	aftermath	of	the	crisis.	The	reason	for	this	definition	of	the	

financial	crisis	is	elaborated	in	section	5.	

	

7.3.7 Listed	Dummy	

To	 compare	 listed	 and	 non-listed	 companies,	 the	 analysis	 will	 include	 a	 dummy	 variable	 to	 define	 each	

company	type.	This	is	named	Listed	and	is	taking	a	value	of	1	if	the	company	is	listed	and	0	otherwise.	

As	discussed	in	section	6.3,	most	of	empirical	evidence	suggests	that	non-listed	firms	are	more	leveraged	and	

perform	 better	 than	 listed	 firms.	 However,	 there	 are	 two	 contradicting	 arguments	 when	 discussing	 the	

reasons	why	listed	or	non-listed	may	have	more	or	less	leverage.	It	can	be	argued	that	listed	firms	are	more	

leveraged	as	they	can	borrow	more	from	banks.	This	is	justified	by	the	fact	that	they	gain	bargaining	power	

towards	financial	institutions,	and	they	provide	better	quality	information,	which	increases	access	to	external	

financing.	A	contradicting	argument	is	that	non-listed	firms	have	higher	levels	of	debt	than	listed	firms	as	the	

cost	of	issuing	new	equity	is	relatively	higher,	and	listed	firms	have	easier	access	to	capital.	

Trade-off	theory	suggests	that	the	increased	transparency	and	quality	of	information	for	a	listed	firm	(due	to	

regulations)	reduces	expected	bankruptcy	costs.	Further,	listed	firms	have	more	financing	alternatives,	and	

thus	gain	higher	bargaining	power	towards	financial	 institutions.	This	 indicates	that	 listed	firms	should	be	

more	leveraged	than	non-listed	firms.	

	

 Country-Specific	Variables	

As	 discussed	 in	 section	 5,	 different	 macroeconomic	 factors	 are	 expected	 to	 have	 an	 impact	 on	 firms'	

performance.	The	effect	of	house	price	growth,	 industrial	production,	corporate	tax	rate,	consumer	price	

index,	 unemployment	 rate,	 long-term	 interest	 rate,	 and	 short-term	 interest	 rate	 on	 performance	 are	
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controlled	for	in	the	regression	models	by	the	dummy	variable	Country,	which	controls	for	all	country-specific	

differences.	

	

 Overview	of	Variables	
Table	4	displays	an	overview	of	the	dependent	and	independent	variables.	Column	two	to	five	displays	the	

relationship	between	the	variables	in	column	one	and	performance	as	suggested	by	capital	structure	

theories.	The	last	two	columns	display	the	studies	that	suggest	a	positive	and	negative	relationship	to	

performance,	respectively.	

	
Table	4	-	Overview	Variables,	Theory	and	Empirical	Evidence	–	Source:	Own	Contribution	

Expected	relation	between	the	variable	and	performance

Variable Trade-off Pecking	
Order

Agency	
Cost

Market	
Timing

Empirical	Tests	(+) Empirical	Tests	(-)

Level	of	Debt +/-* - + - Long	&	Malitz	(1985) Kester	(1986)	Titman	&	Wessels	(1988)	
Friend	&	Lang	(1988)	Pinegar	&	Wilbricht	
(1989)	Wald	(1999)	Rajan	&	Zingales	(1995)	
Fama	&	French	(2002)	Abor	(2005)	Fan,	
Titman,	&	Twite	(2012)	Drobetz,	
Gounopoulos,	Merikas,	&	Schrøder	(2013)	
Demirguc-Kunt,	Martinez-Peria,	&	Tressel	
(2015)

*	Changes	during	a	financial	crisis *	Long	&	Malitz:	Profitability	as	performance	
(Not	significant)

*	Abor:	+	for	STD,	-	for	LTD,	-	for	TD;	Drobetz	
et.al.:	Profitability	as	performance;	Kester:	
Profitability	as	performance

Control	variables'	effect	on	level	of	debt

Size + + +/- + Friend	&	Lang	(1988)	Rajan	&	Zingales	
(1995)	Titman	&	Wessels	(1988)	Wald	
(1999)	Deesomak,	Paudyal	&	Pescetto	
(2004)

Kester	(1986),	Kim	&	Sorensen	(1986)	
Nunkoo	&	Boateng	(2209)

*	Friend	&	Lang:	Negative	relation	for	pre-
crisis,	but	not	significant

Tangibility + - + n/a Jensen	&	Meckling	(1976)	Titman	&	
Wessels	(1988)	Rajan	&	Zingales	(1995)	
Deesomak,	Paudyal	&	Pescetto	(2004)	
Nunkoo	&	Boateng	(2009)

Growth - +/- - +/- Titman	&	Wessels	(1988)	Wald	(1999) Long	&	Malitz	(1985)	Kester	(1986)	Kim	&	
Sorensen	(1986)	Rajan	&	Zingale	(1995)	
Wald	(1999)	Deesomak,	Paudyal	&	
Pescetto	(2004)	Drobetz,	Gounpoulos,	
Merikas,	&	Schrøder	(2013)
*	Wald:	negative	for	all	countries	except	US

Listed + - + n/a Schoubben	&	Hulle	(2004)

Control	variables'	effect	on	performance

Size + + + + Sheikh	&	Wang	(2013),	Hall	&	Weiss	
(1967)

Age n/a n/a n/a n/a Kuntluru,	Muppani	and	Khan	(2008)	 Chibber	and	Majumdar	(1999)	
Tangibility + + + n/a Sheikh	&	Wang	(2013)

Growth n/a n/a n/a +/- Sheikh	&	Wang	(2013)
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 Descriptive	Statistics	

Table	5	presents	the	summary	statistics	of	the	performance	variables,	the	capital	structure	variables,	and	the	

control	variables.	This	includes	their	mean,	median,	standard	deviation,	and	minimum	and	maximum	values.	

The	results	show	that	the	performance	measures	ROA,	ROE,	and	ROCE	have	a	means	of	0.071,	0.216	and	

0.209,	respectively.	The	maximum	and	minimum	values	are	relatively	lower	for	ROA	and	ROCE	than	for	ROE,	

which	is	explained	by	the	fact	that	ROA	and	ROCE	have	larger	denominators	than	ROE.	Looking	at	the	results	

of	the	leverage	ratios,	STD	and	LTD	sum	up	to	TD.	On	average,	Nordic	firms	have	less	long-term	debt	than	

short-term	debt,	and	higher	percentage	of	debt	than	equity.	

	
Table	5	-	Descriptive	Statistics	–	Source:	Own	Contribution	

	

8 Hypotheses	

To	 answer	 the	 research	 questions,	 several	 hypotheses	 are	 developed.	 This	 business	 research	 follows	 a	

deductive	approach,	meaning	that	the	hypotheses	are	generated	based	on	theories	and	previous	findings	

which	have	been	presented	and	discussed	so	far	in	this	paper.	If	there	are	contradicting	theories	and	results,	

a	 subjective	 assessment	 of	 which	 arguments	 weigh	 the	 most	 lead	 to	 the	 hypotheses.	 It	 is	 developed	
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hypotheses	 to	 answer	 each	 of	 the	 research	 questions	 stated	 in	 the	 introduction.	 Only	 the	 theories	 and	

previous	findings	considered	most	important	and	relevant	to	establish	the	hypotheses	are	emphasized	in	the	

following	section.	

	

 Hypotheses	1.A	

Was	capital	structure	in	Nordic	firms	significantly	affected	by	the	2008	global	financial	crisis?	

As	discussed	in	section	5,	previous	studies	found	that	global	financial	crisis	in	2008	had	a	significant	effect	on	

the	capital	structure	of	firms.	It	has	been	argued	that	the	financial	crisis	led	to	a	shortage	of	capital	in	the	

market	 and	 increased	 risk,	 forcing	 firms	 to	 consider	 and	 adjust	 their	 capital	 structure	 considerably.	 As	

discussed	 in	 section	 6.1,	 the	 trade-off	 theory	 suggests	 that	 in	 times	 characterized	 by	 increased	 risk	 and	

shortage	in	the	capital	market,	debt	becomes	costlier,	implying	that	the	optimal	capital	structure	changes.	

This	means	that	firms	should	change	their	level	of	debt	during	a	financial	crisis	towards	the	optimal	capital	

structure,	 given	 the	 market	 conditions.	 It	 is	 assumed	 that	 during	 a	 financial	 crisis,	 shares	 are	 generally	

undervalued	due	to	shortage	in	capital	in	the	market.	Market	timing	theory	suggests	that	when	firm’s	stocks	

are	undervalued,	they	will	 increase	debt.	Therefore,	the	market	timing	theory	suggests	that	firms’	capital	

structure	should	change	during	the	financial	crisis.	These	theories	and	previous	research	suggest	that	capital	

structure	in	Nordic	firms	was	significantly	affected	by	the	global	financial	crisis	in	2008.	

Further,	the	leverage	measures	are	divided	into	short-term	debt,	long-term	debt,	and	total	debt.	Based	on	

the	discussion	in	section	6.2,	it	is	believed	that	the	increased	uncertainty	and	risk	in	the	market,	leading	to	

higher	volatility	and	increased	probability	of	default,	made	firms	unable	to	sustain	their	maturity	structure	

and	therefore	reduced	their	debt	maturity.	Thus,	 long-term	debt	got	less	attractive	than	short-term	debt,	

suggesting	 that	 long-term	debt	 decreased,	 and	 short-term	debt	 increased.	 However,	 total	 debt	may	 not	

change	 as	 the	 two	 effects	 are	 likely	 to	 offset	 each	 other.	 Shorter	 maturity	 helps	 the	 underinvestment	

problem17	in	times	of	increased	uncertainty	and	therefore	becomes	more	attractive	to	the	firms	as	the	value	

of	short-term	debt	is	less	sensitive	to	future	investment	opportunities	relative	to	long-term	debt.		

Based	on	 the	 theory	mentioned	above	and	previous	 research,	 the	 following	hypotheses	will	be	 tested.	 If	

these	 hypotheses	 are	 confirmed,	 the	 firms	 changed	 their	 capital	 structure	 during	 the	 financial	 crisis,	

																																																													
17	Underinvestment	problem:	When	a	firm	forgoes	valuable	investment	opportunities	because	the	managers	believe	
that	creditors	would	benefit	more	than	owners.	When	cash	flow	from	an	investment	goes	to	creditors,	there	would	be	
no	incentive	for	equity	holders	to	proceed	with	the	project	(Berk	&	DeMarzo,	2014).	
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supporting	the	notion	that	they	reach	a	normalized	level	of	debt	and	equity	in	the	aftermath	of	the	financial	

crisis.	

	

H.1.A.1 The	total	level	of	debt	decreased	during	the	financial	crisis.	

H.1.A.2 The	level	of	short-term	debt	increased	during	the	financial	crisis.	

H.1.A.3 The	level	of	long-term	debt	decreased	during	the	financial	crisis.	

	

 Hypotheses	1.B	

Is	there	a	significant	difference	in	the	capital	structure	of	listed	and	non-listed	firms	in	the	aftermath	of	the	

global	financial	crisis	of	2008?	

Studies	suggest	that	the	financial	crisis	forced	firms	to	consider	their	capital	structures	critically,	as	argued	

for	in	hypothesis	1.A.	As	discussed	in	section	6.3,	previous	research	found	evidence	that	total	debt	declined	

significantly	more	for	non-listed	firms	relative	to	listed	firms	during	the	financial	crisis,	in	both	high-income	

countries	 and	 upper-middle-income	 countries	 (Demirguc-Kunt,	 Martinez-Peria,	 &	 Tressel,	 2015).	 These	

results	were	backed	up	by	the	fact	that	listed	firms	are	typically	larger	than	non-listed	firms	and	that	they	

have	easier	access	to	capital	market	financing.	In	this	research,	the	size	is	controlled	for,	so	any	significant	

differences	are	not	due	to	the	size	of	the	firm.	

Levine,	Lin,	and	Xie	(2015)	suggest	that	listed	firms	have	an	advantage	during	periods	when	the	functioning	

of	the	banking	systems	are	reduced,	as	during	the	global	financial	crisis,	as	they	have	an	alternative	source	

of	 external	 finance	 and	 can	 thus	 substitute	 equity	 issuances	 for	 bank	 loans	 during	 a	 financial	 downturn	

(Levine,	 Lin,	&	 Xie,	 2015).	 Consequently,	 a	 banking	 crisis	will	 have	 a	 less	 harmful	 impact	 on	 listed	 firms,	

indicating	that	the	financial	crisis	has	a	significantly	different	effect	on	the	capital	structure	of	listed	and	non-

listed	firms.	Even	though	non-listed	firms	do	not	have	access	to	the	public	markets	for	financing,	they	also	

have	 shareholders.	 As	 the	 shareholders	 in	 non-listed	 firms	 often	 are	 few,	 and	 typically	 includes	 the	

companies’	founders	and	initial	investors,	the	shares	in	non-listed	firms	are	traded	less	frequently,	which	is	

why	they	do	not	have	the	same	possibility	to	issue	new	equity	as	listed	firms.	It	is	therefore	believed	that	

non-listed	firms	hold	more	debt	than	listed	firms	in	total,	as	well	as	they	hold	more	short-term	debt,	as	this	

was	substituting	long-term	debt	during	the	financial	crisis.	



The	Performance	and	Capital	Structure	of	Listed	and	Non-Listed	Companies	 	

58	
	

An	important	difference	between	long-term	and	short-term	debt	is	that	the	latter	is	less	costly	because	there	

is	more	risk	related	to	long-term	debt	for	the	lender.	As	mentioned,	listed	firms	have	higher	bargaining	power	

as	they	are	more	transparent,	making	lenders	more	willing	to	give	long-term	debt	to	listed	firms	than	non-

listed	 firms.	 An	 advantage	 by	 holding	 long-term	 debt	 is	 that	 it	 allows	 for	 expansion	without	 immediate	

revenue	obligations,	in	contrast	to	short-term	debt,	where	the	repayments	are	more	frequent.	In	addition,	

with	higher	interest	payments	follow	more	deduction	before	tax	payments.	This	is	a	reason	why	firms	might	

prefer	 long-term	debt	 despite	 its	 higher	 cost.	 Because	 listed	 firms	 are	 generally	 considered	 to	 get	 lower	

interest	on	long-term	debt,	it	is	argued	that	listed	firms	are	expected	to	have	a	larger	proportion	of	long-term	

debt	and	less	short-term	debt,	compared	to	non-listed	firms.	In	sum,	this	discussion	leads	to	the	following	

three	hypotheses.	

	

If	 these	 hypotheses	 are	 confirmed,	 listed	 and	 non-listed	 Nordic	 firms	 have	 significantly	 different	 capital	

structure,	which	 is	necessary	 for	 the	capital	 structure	 to	be	a	determinant	 for	 the	different	performance	

between	listed	and	non-listed	firms.	

	

 Hypotheses	2.A	

Does	capital	structure	have	a	significant	effect	on	the	performance	of	Nordic	firms?	

In	hypotheses	1.B	it	will	be	revealed	if	the	capital	structure	is	significantly	different	between	listed	and	non-

listed	firms.	To	approach	a	conclusion	to	the	problem	statement	it	is	tested	if	the	capital	structure	have	a	

significant	effect	on	Nordic	firms’	performance	in	general.	

As	discussed	in	section	6.1,	several	researchers	have	found	that	capital	structure	has	a	significant	effect	on	

the	performance	of	the	firm.	However,	the	findings	are	inconclusive	as	there	have	been	found	evidence	for	

both	positive	and	negative	relations	between	capital	structure	and	performance.	According	to	the	theory	

H.1.B.1 Non-listed	firms	have	significantly	more	total	debt	than	listed	firms.	

	

H.1.B.2 Non-listed	firms	have	significantly	more	short-term	debt	than	listed	firms.	

	

H.1.B.3 Listed	firms	have	significantly	more	long-term	debt	than	non-listed	firms.	
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discussed	 in	 section	 6.1,	 the	 trade-off	 theory	 suggests	 a	 positive	 relation	 between	 the	 level	 of	 debt	 and	

performance,	together	with	agency	cost	theory.	In	contrast,	both	the	pecking	order	theory	and	market	timing	

theory	 implies	 a	 negative	 relationship	 between	 the	 level	 of	 debt	 and	 performance.	 The	 contradicting	

empirical	findings	on	the	relationship	give	no	reason	to	expect	a	significant	causal	relationship	between	total	

debt	 and	 performance.	 However,	 a	 division	 of	 short-term	 and	 long-term	 debt	 might	 provide	 stronger	

indications.	

According	to	the	pecking-order	theory,	companies	prefer	to	cover	their	investments	with	retained	earnings.	

If	this	is	not	possible,	the	second-best	financing	option	is	low-cost	debt.	As	discussed	in	section	7.2,	long-term	

debt	carries	higher	risk	and	the	firm	commits	to	pay	higher	interest	each	month.	Following	that	notion,	a	firm	

prefers	to	cover	investments	with	short-term	debt	as	opposed	to	long-term.	As	a	result,	the	pecking-order	

theory	suggests	that	short-term	debt	is	positively	correlated	with	investment	opportunities	that	provide	a	

positive	return.	In	other	words,	short-term	debt	is	positively	correlated	to	performance,	while	long-term	debt	

is	only	undertaken	if	necessary.	Note	that	this	theory	only	provides	suggestions	about	the	correlation,	and	

not	a	causal	effect	of	the	level	of	debt	on	performance.	

Similarly,	 the	 market	 timing	 theory	 suggests	 a	 positive	 relationship	 between	 short-term	 debt	 and	

performance.	The	theory	implies	that	a	firm	repurchase	shares	when	they	believe	their	stock	is	undervalued	

and	issue	stocks	when	the	stock	is	considered	as	overvalued.	When	a	firm	is	looking	for	new	financing,	and	

they	choose	issuance	of	debt,	they	signal	that	the	stock	is	undervalued.	That	goes	for	both	long-term	and	

short-term	debt.	However,	when	issuing	short-term	debt,	the	firm	might	signal	that	they	expect	the	stock	

price	to	rise	within	a	short	period	so	that	future	financing	should	be	done	through	stocks.	To	conclude,	the	

market	timing	theory	suggests	that	funding	by	short-term	debt	implies	that	the	management	of	the	firms	

expects	better	performance	than	the	investors	in	the	nearest	future.	As	for	the	pecking-order	theory,	this	

relationship	is	only	suggesting	correlation	between	the	variables	and	not	a	causal	relationship.	

Theoretically,	with	long-term	debt	the	firm	will	have	to	repay	the	debt	for	a	longer	time,	as	well	as	the	interest	

payment	 is	higher	than	for	short-term	debt.	That	sum	of	money	could	have	been	profitably	 invested	 in	a	

project	 or	 business,	 implying	 a	 negative	 causal	 relationship	 between	 long-term	 debt	 and	 performance	

compared	 to	 short-term	 debt.	 Furthermore,	 short-term	 debt	 gives	 quick	 access	 to	 capital	 and	 requires	

immediate	revenue	obligations	in	order	to	repay	more	frequently.	Such	obligations	might	force	firms	to	cut	

costs	 and	 improve	 efficiency	 in	 order	 to	 avoid	 financial	 distress.	 This	 notion	 implies	 a	 positive	 causal	

relationship	between	short-term	debt	and	performance.	
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As	discovered	in	section	7.2,	most	studies	that	distinguish	between	total,	short-term,	and	long-term	debt	find	

evidence	that	short-term	debt	is	more	positively	related	to	performance	than	long-term	debt.	Furthermore,	

previous	studies	found	that	non-listed	firms	are	more	leveraged	and	perform	better	relative	to	listed	firms.	

This	indicates	that	there	might	be	a	positive	relation	between	the	higher	level	of	debt	and	performance.	The	

question	is	whether	differences	in	capital	structure	cause	the	difference	in	performance.	Some	researchers	

argue	that	ownership	structure	and	agency	cost	matters	and	others	show	that	the	ownership	structure	and	

agency	cost	is	not	of	significance.	This	lacking	empirical	evidence	indicates	that	there	is	another	reason	for	

the	difference	in	performance,	and	the	capital	structure	is	a	logical	suggestion.	

The	capital	structure	theories	and	empirical	findings	display	opposing	relationships	between	performance	

and	total	debt,	and	the	effect	of	total	debt	is	thus	expected	to	be	ambiguous.	Nevertheless,	because	most	

research	find	some	significant	relationship	between	debt	and	performance,	this	is	expected	to	be	found	when	

comparing	 short-term	 and	 long-term	 debt.	 The	 theories	 only	 suggest	 correlation	 between	 performance,	

short-term	debt,	and	long-term	debt.	However,	following	economic	intuition	and	previous	findings,	short-

term	debt	is	expected	to	display	a	positive	relationship	to	performance	compared	to	long-term	debt.	This	

leads	to	the	following	hypotheses.	

	

H.2.A.1 The	relationship	between	total	debt	and	performance	in	Nordic	firms	is	

insignificant.	

H.2.A.2 There	is	a	positive	relationship	between	short-term	debt	and	performance	in	

Nordic	firms.	

H.2.A.3 There	is	a	negative	relationship	between	long-term	debt	and	performance	in	

Nordic	firms.	

	

 Hypotheses	2.B	

Is	the	effect	of	capital	structure	on	performance	significantly	different	for	listed	and	non-listed	firms?	

From	hypotheses	2.A.2	and	2.A.3,	it	is	suggested	that	there	is	a	significant	relationship	between	the	level	of	

short-term	debt,	long-term	debt,	and	the	performance	of	firms,	independent	of	firm-type.	However,	these	

hypotheses	do	not	control	for	potential	differences	in	the	effect	of	debt	on	performance	between	listed	and	
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non-listed	companies.	To	ensure	that	the	relationship	between	debt	and	performance	are	of	equal	sign	and	

significance	for	the	two	firm	types,	an	investigation	of	deviating	effects	is	in	its	place.	None	of	the	existing	

literature	on	listed	and	non-listed	firms	that	was	found	for	the	literature	review	has	assessed	this	specific	

research	question,	and	it	is	therefore	not	expected	any	difference	in	the	effect.	

	

	

 Hypotheses	2.C	

Is	there	a	significant	difference	in	the	performance	of	listed	and	non-listed	companies?	

The	last	two	hypotheses	test	if	there	is	a	significant	different	in	performance	between	listed	and	non-listed	

firms.	As	mentioned	in	section	6.3,	the	difference	in	performance	of	listed	and	non-listed	firms	is	not	highly	

researched,	 but	 the	 consensus	 of	 the	 findings	 from	 existing	 studies	 is	 that	 non-listed	 firms	 perform	

significantly	better	than	listed	firms.	Based	on	this	research,	the	non-listed	firms	are	expected	to	outperform	

the	listed	firms	when	the	regression	do	not	control	for	levels	of	debt.	Because	non-listed	firms	are	expected	

to	outperform	listed	firms	due	to	capital	structure	differences,	the	deviation	in	performance	between	the	

two	company-types	 is	expected	 to	diminish	 to	 some	degree	when	debt	 is	 controlled	 for.	Based	on	 these	

notions,	the	following	hypotheses	will	be	tested.	

	

If	all	the	hypotheses	are	confirmed,	it	implies	that	there	is	a	difference	in	performance	between	listed	and	

non-listed	firms	and	that	some	of	this	difference	is	explained	by	deviations	in	capital	structure.		

	

	

H.2.B The	effect	of	capital	structure	on	performance	is	not	significantly	different	

between	listed	and	non-listed	firms.	

	

H.2.C.1 Non-listed	firms	outperform	listed	firms	when	leverage	is	not	controlled	for.	

	

H.2.C.2 The	difference	between	the	performance	of	listed	and	non-listed	firms	is	smaller	

when	controlling	for	debt.	
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9 Model	Specification	

To	obtain	consistent,	unbiased,	and	efficient	estimates,	careful	considerations	regarding	the	model	selection	

is	required.	In	this	paper,	data	from	24,785	firms	from	the	Nordic	countries	in	the	time	period	2006	through	

2016	is	investigated.	As	the	data	is	missing	some	observations	from	firms	in	specific	time	periods,	the	data	is	

an	 unbalanced	 panel	 data,18	 which	 has	 implications	 on	 the	 choice	 of	 econometric	 estimation	 approach,	

further	discussed	in	the	review	of	the	individual	panel	data	methods	(Wooldridge,	2016).	

In	a	panel	data,	 there	are	observations	made	on	several	entities	over	multiple	periods	of	 time,	 that	 is,	 a	

repeated	 cross-section.	 By	 pooling	 random	 samples	 drawn	 from	 the	 same	 population	 at	 multiple	 time	

periods,	the	larger	sample	size	makes	it	possible	to	test	statistics	with	higher	power	and	achieve	more	precise	

estimators.	Further,	it	is	possible	to	observe	changes	over	time.	Despite	that	there	are	several	advantages	of	

analyzing	panel	data,	 it	 requires	additional	care	 in	 the	data	handling.	To	take	advantage	of	 the	 increased	

power	 of	 the	 panel	 data,	 the	 time	 variation	must	 be	 taken	 into	 account,	 as	 the	 observations	 cannot	 be	

assumed	to	be	independently	distributed	over	time.	

In	 this	 paper,	 18	 different	models	 will	 be	 estimated	 by	 panel	 data	 approaches	 to	 confirm	 or	 reject	 the	

hypotheses.	Model	1	through	9	will	be	used	to	answer	hypotheses	from	research	question	1.A	and	1.B,	with	

leverage	measures	as	dependent	variables.	These	models	will	from	now	on	be	called	the	debt	models.	Model	

10	through	18,	called	the	performance	models,	will	answer	the	hypotheses	connected	to	research	question	

2.A,	2.B,	and	2.C	with	the	performance	measures	as	dependent	variables.	The	debt	and	performance	models	

will	sum	up	to	nine	models	each,	in	total	18	models,	because	they	are	made	up	of	all	the	combinations	of	the	

three	performance	measures	(ROE,	ROA,	and	ROCE)	and	the	three	leverage	measures	(TD,	STD,	and	LTD).	

The	time	effects	in	these	models,	together	with	unobserved	entity	fixed	effects,	will	be	mitigated	through	

different	 approaches,	 discussed	 in	 the	 following	 sections.	 Section	 9.1	 reviews	 the	Pooled	Ordinary	 Least	

Squares	(POLS),	section	9.2	the	Fixed	Effects	(FE),	section	9.3	the	Random	Effects	(RE),	and	finally,	section	9.4	

looks	at	the	First-Differencing	(FD)	approach.	

	

																																																													
18	Panel	Data:	"[Panel	data,	also	called	longitudinal	data,	is]	a	dataset	constructed	from	repeated	cross-sections	over	
time.	In	a	balanced	panel,	the	same	units	appear	in	each	time	period.	With	an	unbalanced	panel,	some	units	do	not	
appear	in	each	time	period…”	(Wooldridge,	2016,	p.	765).	
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 Pooled	Ordinary	Least	Squares	(POLS)	

For	the	assessment	of	panel	data	estimation	approaches,	the	Pooled	Ordinary	Least	Squares	(POLS)	model	

poses	as	a	basis.	This	model	is	an	extension	of	a	widely	adopted	cross-sectional	model:	the	simple	Ordinary	

Least	Squares	(OLS)	model.	The	regression	analysis	in	OLS	finds	the	best	linear	line	of	fit	of	the	dependent	

variable,	𝑦,	on	a	𝑘	number	of	regressors.	With	panel	data	at	hand,	the	simple	OLS	model	is	not	sufficient,	due	

to	the	missing	inclusion	of	time	specific	effects.	

The	Pooled	OLS	model,	however,	mitigates	this	issue	by	including	time	dummies	to	the	estimated	regression.	

By	adding	a	dummy	for	each	year	or	time	period,	the	time	effects	are	observed	and	accounted	for	 in	the	

estimation	results.	In	this	study,	the	time	dummies	in	the	POLS	model	are	defined	as	before,	during,	and	after	

the	financial	crisis,	as	the	inclusion	of	these	gives	valuable	insights	into	the	significance	of	the	time	periods.	

The	period	which	is	set	as	the	baseline	will	vary	for	the	debt	and	the	performance	models	in	accordance	to	

which	research	question	the	models	attempt	to	answer.	

In	addition,	to	include	time	dummies	separately,	these	will	be	interacted	with	explanatory	variables,	making	

it	possible	to	estimate	the	difference	in	the	effect	of	a	variable	from	one	period	to	another.	This	interaction	

term19	is	created	by	multiplying	the	explanatory	variable	by	the	time	dummy.	In	the	debt	models,	the	time	

dummies	will	be	interacted	with	the	dummy	for	whether	a	firm	is	 listed	or	not,	enabling	a	comparison	of	

leverage	in	multiple	periods	of	time.	In	the	performance	models,	there	will	be	included	an	interaction	term	

between	the	 listed	dummy	and	the	 leverage	measures	 to	explain	 the	difference	 in	effects	of	 leverage	on	

performance	in	the	two	types	of	firms.	

Serving	as	a	baseline	for	the	other	estimation	approaches,	all	18	POLS	models	are	specified	in	table	6	(debt	

models)	and	table	7	(performance	models).	

	

	

	

	

																																																													
19	Interaction	term:	“An	independent	variable	in	a	regression	model	that	is	the	product	of	two	explanatory	variables”	
(Wooldridge,	2016,	p.	762).	
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Debt	Models	

Model	1	 𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐴JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	2	 𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐸JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	3	 𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐶𝐸JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	4		 𝑆𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐴JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	5	 𝑆𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐸JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	6	 𝑆𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐶𝐸JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	7	 𝐿𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐴JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	8	 𝐿𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐸JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	9	 𝐿𝑇𝐷JK = 𝛽M + 𝛽N𝑅𝑂𝐶𝐸JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	
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Performance	Models	

Model	10	 𝑅𝑂𝐴JK = 𝛽M + 𝛽N𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	11		 𝑅𝑂𝐸JK = 𝛽M + 𝛽N𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	12		 𝑅𝑂𝐶𝐸JK = 𝛽M + 𝛽N𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	13	 𝑅𝑂𝐴JK = 𝛽M + 𝛽N𝑆𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	14:	 𝑅𝑂𝐸JK = 𝛽M + 𝛽N𝑆𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	15	 𝑅𝑂𝐶𝐸JK = 𝛽M + 𝛽N𝑆𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	16	 𝑅𝑂𝐴JK = 𝛽M + 𝛽N𝐿𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	17	 𝑅𝑂𝐸JK = 𝛽M + 𝛽N𝐿𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Model	18	 𝑅𝑂𝐶𝐸JK = 𝛽M + 𝛽N𝐿𝑇𝐷JK + 	𝛽P𝐿𝑖𝑠𝑡𝑒𝑑J + 𝛽Q𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽S𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K
+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK
+ 𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠J + 𝑣JK	

Table	7	-	Pooled	OLS	Model	Specifications	Performance	Models	–	Source:	Own	Contribution	
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The	POLS	models	in	table	6	and	7	have	the	following	properties:	

𝛽M	𝑖𝑠	𝑡ℎ𝑒	𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡	

𝛽N	𝑖𝑠	𝑡ℎ𝑒	𝑝𝑎𝑟𝑎𝑚𝑒𝑛𝑡𝑒𝑟	𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑	𝑤𝑖𝑡ℎ	𝑥N	

𝛽P	𝑖𝑠	𝑡ℎ𝑒	𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟	𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑	𝑤𝑖𝑡ℎ	𝑥P, 𝑎𝑛𝑑	𝑠𝑜	𝑜𝑛	

𝑣JK = 𝑎J + 𝑢JK	𝑖𝑠	𝑡ℎ𝑒	𝑖𝑑𝑖𝑜𝑠𝑦𝑛𝑐𝑟𝑎𝑡𝑖𝑐	𝑒𝑟𝑟𝑜𝑟	

𝑎J	𝑖𝑠	𝑎𝑛	𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑	𝑓𝑖𝑥𝑒𝑑	𝑒𝑓𝑓𝑒𝑐𝑡	

In	the	above	specifications,	𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠	include	𝑆𝑎𝑙𝑒𝑠𝐺𝑟𝑜𝑤𝑡ℎ,	𝑇𝑜𝑡𝐴𝑠𝑠,	𝑙𝑛𝐴𝑔𝑒,	and	𝑇𝑎𝑛𝑅𝑎𝑡	where	

each	 variable	 has	 its	 own	 coefficient	 and	 all	 variables	 change	 over	 both	 time	 and	 entity.	 Similarly,	 the	

dummies	 are	 grouped	 in	 the	 specifications	 above.	More	 specifically,	 the	𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠	 include	

eleven	dummy	variables,	one	for	each	month	of	the	year,	excluding	December	because	it	 is	baseline.	The	

fiscal	year	dummies	also	vary	over	both	entity	and	time.	The	𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠	include	one	variable	for	each	

of	the	different	industry	codes	(excluding	the	baseline:	wholesale	trade)	and	varies	only	over	entity.	Finally,	

the	𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠,	explaining	the	country	of	origin,	include	one	dummy	variable	for	each	of	the	Nordic	

countries	except	for	Denmark	as	it	is	baseline.	These	models	will	be	modified	throughout	the	analysis	in	order	

to	answer	the	research	questions,	but	the	eighteen	models	above	serve	as	base	models.	

	

9.1.1 Assumptions	for	the	Pooled	OLS	Approach	

Although	the	POLS	model	has	several	advantages,	such	as	explaining	time-variations	of	observed	variables	

and	 being	 reasonably	 straightforward	 to	 estimate,	 the	 model	 has	 its	 drawbacks.	 These	 drawbacks	 are	

revealed	through	the	Pooled	OLS	assumptions,	listed	in	Appendix	2.1.	The	POLS	model	is	based	on	the	same	

estimation	method	as	OLS	and	thus	has	similar	assumptions.	However,	the	two	models	differ	due	to	the	time	

variation	 in	 the	 panel	 data	 of	 the	 POLS	model.	 The	OLS	 assumptions	 thus	 serve	 as	 a	 base	 for	 the	 POLS	

assumptions.	 If	 the	 first	 four	 assumptions	 (OLS.1-OLS.4)	 are	 true,	 implying	 that	 there	 is	 linearity	 in	 the	

parameters,	 random	 sampling,	 no	 perfect	 collinearity,	 and	 zero	 conditional	 mean,	 the	 OLS	 estimator	 is	

unbiased.	If	the	fifth	assumption	(OLS.5)	is	true,	in	addition	to	the	first	four	assumptions,	the	OLS	estimator	

can	be	concluded	to	be	the	Best	Linear	Unbiased	Estimator	(BLUE)20	(Wooldridge,	2016).	In	addition	to	the	

OLS	assumptions,	the	POLS	assumptions	include	additional	constraints	due	to	the	time	effect	of	the	variables.	

The	 two	 first	 POLS	 assumptions	 (POLS.1-POLS.2),	 regarding	 exogeneity	 and	 correlation	 among	 the	

																																																													
20	Best	Linear	Unbiased	Estimator	(BLUE):	”Among	all	linear	unbiased	estimators,	the	one	with	the	smallest	variance”	
(Wooldridge,	2016,	p.	756)	
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explanatory	variables,	are	sufficient	for	the	estimators	to	be	consistent	and	asymptotically	normal.	Further,	

the	third	assumption	(POLS.3(a)-POLS.3(b))	assumes	homoskedasticity	and	no	serial	correlation,	assuring	that	

the	POLS	estimators	are	valid	(Wooldridge,	2010).	

A	critical	 implication	of	these	assumptions	lies	 in	the	error	term.	Because	the	panel	data	is	collected	over	

multiple	time	periods,	the	error	of	the	model	is	including	both	the	error	term	changing	over	time	and	entity	

(𝑢JK),	and	the	unobserved	effect	 that	only	varies	across	entities	 (𝑎J),	 in	sum	called	the	 idiosyncratic	error	

(𝑎J + 𝑢JK = 𝑣JK)	(Wooldridge,	2016).	For	the	estimators	to	be	unbiased	and	consistent,	the	error	term,	𝑣JK,	

has	to	be	uncorrelated	with	the	explanatory	variable,	𝑥JK,	 for	all	 time	periods	(POLS.3).	 If	the	unobserved	

effect,	 𝑎J,	 is	 correlated	 with	 the	 explanatory	 variable,	 𝑥JK,	 the	 POLS	 estimator	 will	 suffer	 from	 an	

endogeneity21	issue	called	heterogeneity	bias.	The	issue	is	caused	by	omitting	the	fixed	effects	(Wooldridge,	

2010).	This	is	the	most	substantial	disadvantage	of	the	POLS	and	is	why	there	are	developed	more	advanced	

approaches	for	panel	data	estimation.	In	the	following	discussions,	it	will	be	discovered	what	assumptions	of	

the	POLS	models	that	are	being	violated	and	how	the	issues	caused	can	be	resolved.	

	

9.1.2 Test	for	Multicollinearity	

As	mentioned,	the	assumptions	for	the	POLS	models	states	that	there	could	be	no	perfect	linear	relationship	

between	the	independent	variables.	In	addition	to	making	sure	this	assumption	is	not	violated,	the	models	

will	be	tested	for	a	non-perfect	 linear	relationship,	called	multicollinearity22	 (Wooldridge,	2016).	Tests	 for	

multicollinearity	 are	 used	 to	 determine	 whether	 there	 are	 two	 or	 more	 explanatory	 variables	 with	 a	

correlation	close	to	one	and	hence	explain	the	same	variation	in	the	dependent	variable.	Multicollinearity	is	

not	a	violation	of	the	assumptions	but	might	cause	issues	nonetheless.	As	there	is	no	clear	definition	of	“high	

correlation”	multicollinearity	must	be	detected	through	subjective	interpretation.	

A	review	of	the	correlation	between	the	independent	variables	can	be	performed	in	many	ways.	By	setting	

up	 a	 correlation	 matrix,	 it	 can	 easily	 be	 determined	 whether	 some	 variables	 have	 a	 remarkably	 high	

																																																													
21	Endogeneity:	”A	term	used	to	describe	the	presence	of	an	endogenous	explanatory	variable..	[which	is	a	variable]	
that	is	correlated	with	the	error	term,	either	because	of	an	omitted	variable,	measurement	error,	or	simultaneity”	
(Wooldridge,	2016,	p.	759)	
22	Multicollinearity:	“A	term	that	refers	to	correlation	among	the	independent	variables	in	a	multiple	regression	
model;	it	is	usually	invoked	when	some	correlations	are	“large”,	but	an	actual	magnitude	is	not	well	defined”	
(Wooldridge,	2016,	p.	764).	
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correlation.	The	correlations	between	the	regressors	in	the	debt	models	(model	1-9)	are	presented	in	table	

8.	

	

Table	8	-	Correlation	between	Dependent	Variables	in	Debt	Models	-	Source:	Own	Contribution	

The	 correlations	 between	 the	 performance	measures	 (ROA,	 ROE,	 and	ROCE)	 are	 high	 but	 do	 not	 pose	 a	

problem	 as	 these	 are	 not	 included	 in	 the	 same	 regressions.	 The	 highest	 correlations,	 except	 for	 the	

aforementioned,	are	between	the	tangibility	rate	and	the	performance	measures,	as	well	as	crisis	and	sales	

growth,	which	 are	highlighted	 in	 the	 table.	 The	 correlations	 are	not	 of	 profoundly	worrying	 size	 but	will	

nevertheless	be	investigated	by	looking	at	other	multicollinearity	tests.	

Variance	Inflation	Factors	(VIF)23	measures	how	regressors	are	correlated	to	each	other	and	can	be	used	to	

detect	multicollinearity	(Wooldridge,	2016).	A	VIF	larger	than	ten	is	often	used	as	a	benchmark	to	when	the	

multicollinearity	issue	is	needed	to	be	addressed.	By	looking	at	the	mean	of	the	VIFs	from	each	model,	it	can	

be	detected	whether	 there	might	 be	 a	multicollinearity	 issue	 in	 an	overall	 assessment	 of	 the	models.	 In	

general,	if	the	mean	VIF	is	much	higher	than	one,	it	might	be	worth	investigating	the	individual	values.	The	

mean	VIF	values	for	the	debt	models	are	presented	in	table	9.	

	
Table	9	-	Mean	VIF	of	Debt	Models	–	Source:	Own	Contribution	

All	mean	VIFs	for	model	1-9	is	above	2,	and	we	can	thus	not	reject	multicollinearity	issues	in	these	models.	

Why	 the	mean	 VIF	 is	 slightly	 high	might	 be	 explained	 by	 the	 VIFs	 of	 the	 individual	 variables,	 and	 these	

individual	scores	are	hence	reviewed.	

The	VIF	tables	of	the	debt	models	are	presented	in	Appendix	2.2	and	show	that	the	only	VIF	values	higher	

than	two	are	for	𝐿𝑖𝑠𝑡𝑒𝑑	and	the	interaction	term	𝐿𝑖𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠.	These	are	clearly	explaining	some	of	the	

																																																													
23	Variance	Inflation	Factors	(VIF)	def.:	”In	multiple	regression	analysis	[…]	the	term	in	the	sampling	variance	affected	
by	correlation	among	the	explanatory	variables”	(Wooldridge,	2016,	p.	770).	
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same	variations	and	must	be	correlated.	However,	because	the	variable	at	hand	is	an	interaction	term,	this	

is	not	considered	a	source	of	multicollinearity.	

Moving	 on	 to	 the	 performance	models	 (model	 10-18),	 the	 correlation	matrix,	 displaying	 the	 correlation	

between	the	independent	variables,	is	presented	in	table	10.	

	
Table	10	-	Correlation	between	Dependent	Variables	in	Performance	Models	-	Source:	Own	Contribution	

Similar	 as	 for	 the	 correlation	matrix	 for	 the	 debt	 models,	 the	 correlation	 between	 TD,	 STD,	 and	 LTD	 is	

unsurprisingly	 high	 and	 not	 of	 interest	 as	 they	 are	 not	 estimated	 in	 the	 same	 regressions.	 The	 highest	

correlations	 between	 the	 remaining	 variables	 are	 between	 tangibility	 rate	 and	 STD/LTD.	 Although	 a	

correlation	just	above	0.5	is	not	considered	to	be	very	high,	the	VIF	tables	will	be	used	to	review	whether	we	

have	a	multicollinearity	issue.	

As	 presented	 in	 table	 11,	 the	 mean	 VIFs	 for	 model	 10-18	 are	 above	 1,	 and	 we	 can	 thus	 not	 reject	 a	

multicollinearity	issues	in	these	models.	

	

Table	11	-	Mean	VIF	of	Performance	Models	–	Source:	Own	Contribution	

Given	the	results	found	from	the	VIF	tables	of	the	debt	models,	it	is	expected	that	the	interaction	terms	might	

be	the	source	of	these	high	mean	values.	To	confirm	this	notion,	the	VIF	tables	of	the	performance	models,	

displayed	in	Appendix	2.2,	are	reviewed.	As	expected,	the	only	VIF	values	higher	than	two	are	for	𝐿𝑖𝑠𝑡𝑒𝑑	and	

the	interaction	term	between	listed	dummy	and	the	leverage	variables.	As	explained	for	the	debt	models,	

because	 these	are	 interaction	 terms,	 there	 is	 not	 considered	 to	be	a	multicollinearity	 issue	between	 the	

explanatory	variables	in	any	of	the	models.	
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9.1.3 Test	for	Heteroskedastic	Standard	Errors	

The	properties	of	 the	POLS	model	assume	that	 the	standard	errors	are	homoskedastic,	meaning	that	 the	

variance	of	the	error	term	is	constant,	conditional	on	the	independent	variables	(Wooldridge,	2016).	If	the	

error	terms	are	not	homoskedastic,	the	third	POLS	assumption	is	violated,	and	the	standard	errors	would	not	

be	correctly	estimated.	

To	determine	whether	the	assumption	is	violated,	the	Breusch-Pagan	test24	is	deployed.	This	test	is	obtained	

by	regressing	the	squared	OLS	residuals	on	all	the	independent	variables	in	the	models,	including	the	time	

dummies	(Wooldridge,	2016).	If	the	p-value	of	the	test	is	below	0.05,	the	null	hypothesis	of	homoskedastic	

standard	errors	can	be	rejected	at	a	95%	confidence	level.	

The	Breusch-Pagan	test	results	for	the	debt	models	are	presented	in	table	12	and	for	the	performance	models	

in	table	13.	

	
Table	12	-	Breusch-Pagan	Test	for	Heteroskedastic	Standard	Errors	of	Debt	Models	–	Source:	Own	Contribution	

	
Table	13	-	Breusch-Pagan	Test	for	Heteroskedastic	Standard	Errors	of	Performance	Models	–	Source:	Own	Contribution	

The	p-value	of	all	the	models	are	lower	than	0.05,	and	the	null	hypothesis	is	thus	rejected	at	a	95%	confidence	

level,	implying	that	there	is	heteroskedasticity	in	the	standard	errors.	

	

9.1.4 Test	for	Autocorrelation	

There	is	another	assumption	that	must	be	tested	to	validate	the	POLS	models.	Because	the	POLS	model	has	

error	terms	that	change	over	both	time	and	entity,	it	is	vital	that	these	are	not	serially	correlated,	meaning	

that	they	do	not	correlate	over	time	(Wooldridge,	2016).	 If	the	error	terms	are	correlated	over	time,	also	

called	 autocorrelation,	 the	 POLS	 estimates	 can	 still	 be	 consistent,	 but	 the	 statistics	 will	 be	 invalid	

																																																													
24	Breusch-Pagan	Test:	“A	test	for	heteroskedasticity	where	the	squared	OLS	residuals	are	regressed	on	the	
explanatory	variables	in	the	model”	(Wooldridge,	2016,	p.	757)	
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(Wooldridge,	 2016).	 This	 will	 be	 tested	 by	 using	 a	 first-order	 AR(1)	 Breusch-Godfrey	 test25	 on	 the	 POLS	

models.	The	null	hypothesis	of	this	test	is	that	there	is	no	autocorrelation	in	the	models.	This	implies	that	if	

we	reject	the	null	hypothesis	this	problem	must	be	mitigated.	

The	 Breusch-Godfrey	 test	 results	 for	 the	 debt	 models	 are	 presented	 in	 table	 14	 and	 table	 15	 for	 the	

performance	models.	

	
Table	14	-	Breusch-Godfrey	Test	for	Autocorrelation	on	POLS	Debt	Models	–	Source:	Own	Contribution	

	
Table	15	-	Breusch-Godfrey	Test	for	Aautocorrelation	on	POLS	Performance	Models	–	Source:	Own	Contribution	

For	 all	models,	 the	p-value	 is	 lower	 than	0.05,	 implying	 that	 the	null	 hypothesis	 of	 no	 autocorrelation	 is	

rejected	at	the	95%	confidence	level.	

Because	there	is	detected	both	heteroskedasticity	and	serial	correlation	in	the	error	terms	the	statistics	are	

invalid.	In	panel	data	estimation,	these	issues	can	be	mitigated	by	applying	clustered	standard	errors,	which	

are	robust	to	both	heteroskedasticity	and	serial	correlation.	With	these	standard	errors,	each	firm	is	defined	

as	a	cluster	of	observations,	where	serial	correlation	and	changing	variances	are	allowed	within	each	firm,	

provided	that	the	number	of	time	periods	(T)	is	not	very	large,	and	not	larger	than	the	number	of	entities	(N)	

(Wooldridge,	2016).	As	there	are	many	firms	and	only	eleven	time	periods,	clustered	standard	errors	can	

mitigate	both	heteroskedasticity	and	serial	correlation.	The	result	of	applying	these	errors	is	usually	larger	

standard	errors	for	the	coefficient	estimates	(Wooldridge,	2016).	

	

9.1.5 Overall	Assessment	of	the	Pooled	OLS	approach	

The	assessment	of	the	POLS	model	revealed	both	advantages	and	disadvantages	of	this	panel	data	estimation	

approach.	By	 testing	 for	multicollinearity	 in	 the	 independent	 variables,	 it	 is	 concluded	 that	 the	 choice	of	

																																																													
25	Breusch-Godfrey	Test:	“An	asymptotically	justified	test	for	AR(p)	serial	correlation,	with	AR(1)	being	the	most	
popular.	The	test	allows	for	lagged	dependent	variables	as	well	as	other	regressors	that	are	not	strictly	exogenous”	
(Wooldridge,	2016,	p.	757).	
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variables	will	 not	be	a	 source	of	 issues.	However,	when	 investigating	 the	model	 characteristics,	 the	 time	

variation	of	the	panel	data	causes	some	concerns.	

As	discovered	in	the	assessment	of	the	POLS	assumptions,	the	error	term	includes	an	unobserved	company	

fixed	effect,	𝑎J.	 It	 is	 reasonable	 to	assume	 that	 there	might	be	 some	company	 fixed	effects	 that	 are	not	

explained	 in	 the	variables	 included,	 such	as	 the	number	of	employees,	 leadership	style,	and	organization	

culture.	Such	unobserved	company	fixed	effects	would	cause	endogeneity	issues.	

In	addition	to	the	unobserved	fixed	effects,	the	Breusch-Pagan	test	rejects	homoskedastic	standard	errors,	

and	the	Breusch-Godfrey	test	reveals	significant	autocorrelation	in	all	models.	These	assumption	violations	

cause	the	standard	errors	to	be	invalid.	However,	these	issues	are	mitigated	by	applying	clustered	standard	

errors,	which	are	robust	to	heteroskedasticity	and	serial	correlation.	

The	 issue	of	 correlation	with	 the	unobserved	 fixed	effects	 suggests	 that	more	comprehensive	panel	data	

methods	would	be	more	suitable	 to	estimate	 the	debt	and	performance	models	 than	the	POLS.	The	 first	

estimation	method	taken	into	consideration	is	the	Fixed	Effects	(FE),	specifically	focused	on	solving	issues	

related	to	the	unobserved	fixed	effects.	

	

 Fixed	Effects	(FE)	

The	Fixed	Effects	(FE)	transformation,	also	called	the	within	estimator,	is	one	of	the	approaches	that	remove	

the	unobserved	fixed	effects,	𝑎J.	The	approach	transforms	the	data	into	a	time-demeaned	data	by	subtracting	

the	time-averaged	variables	from	each	observation	and	thus	eliminating	any	unobserved	fixed	effects	that	

was	 in	 the	 error	 term	 of	 the	 POLS	model.	Model	 1	 and	Model	 10	 poses	 as	 examples	 for	 the	 debt	 and	

performance	models	in	this	thesis	and	is	specified	as	follows	by	the	FE	estimation	method.	

Model	1:	

𝑇𝐷𝑖𝑡 = 𝛽1𝑅𝑂𝐴𝑖𝑡 + 𝛽2𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔𝑡 + 𝛽3𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟𝑡 + 𝛽4 𝐿𝑖𝑠𝑡𝑒𝑑𝑖 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔𝑡

+ 𝛽5 𝐿𝑖𝑠𝑡𝑒𝑑𝑖 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟𝑡 + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑖𝑡 + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑖𝑡 + 𝑢𝑖𝑡	
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Model	10:	

𝑅𝑂𝐴𝑖𝑡 = 𝛽1𝑇𝐷𝑖𝑡 + 𝛽3𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔𝑡 + 𝛽4𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟𝑡 + 𝛽4 𝐿𝑖𝑠𝑡𝑒𝑑𝑖 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔𝑡

+ 𝛽5 𝐿𝑖𝑠𝑡𝑒𝑑𝑖 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟𝑡 + 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑖𝑡 + 𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑖𝑡 + 𝑢𝑖𝑡	

where:	

𝑦JK = 𝑦JK − 𝑦J	𝑖𝑠	𝑡ℎ𝑒	𝑡𝑖𝑚𝑒 − 𝑑𝑒𝑚𝑒𝑎𝑛𝑒𝑑	𝑑𝑎𝑡𝑎	𝑜𝑛	𝑦	

𝑥JK = 𝑥JK − 𝑥J	𝑖𝑠	𝑡ℎ𝑒	𝑡𝑖𝑚𝑒 − 𝑑𝑒𝑚𝑒𝑎𝑛𝑒𝑑	𝑑𝑎𝑡𝑎	𝑜𝑛	𝑥	

𝑢JK = 𝑢JK − 𝑢J	𝑖𝑠	𝑡ℎ𝑒	𝑡𝑖𝑚𝑒 − 𝑑𝑒𝑚𝑒𝑎𝑛𝑒𝑑	𝑒𝑟𝑟𝑜𝑟	𝑡𝑒𝑟𝑚	

As	 the	new	specifications	explicitly	 show,	each	variable	 is	 time	demeaned,	denoted	by	double	dots.	 This	

removes	both	the	unobserved	fixed	effects,	𝑎J,	and	the	observed	fixed	effects.	This	results	in	the	removal	of	

the	following	variables:	𝐿𝑖𝑠𝑡𝑒𝑑	𝐷𝑢𝑚𝑚𝑦,	𝑁𝐴𝐼𝐶𝑆	 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 	𝐷𝑢𝑚𝑚𝑖𝑒𝑠,	and	𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠.	However,	

the	interaction	terms	including	the	𝐿𝑖𝑠𝑡𝑒𝑑	dummy	will	not	be	removed	as	this	varies	over	time.	

Because	 the	 fixed	effects	are	 removed	 in	 these	model	 specification,	 the	coefficients	can	be	estimated	by	

applying	pooled	OLS.	The	POLS	estimator	based	on	 the	 time-demeaned	variables	creates	 the	 fixed	effect	

estimator.	 Under	 a	 set	 of	 assumptions,	 the	 fixed	 effects	 estimator	 is	 unbiased.	 A	 discussion	 of	 these	

assumptions	follows	in	the	next	section.		

	

9.2.1 Assumptions	for	the	Fixed	Effects	Approach	

For	the	fixed	effects	estimator	to	be	unbiased,	consistent,	and	efficient,	the	assumptions	listed	in	Appendix	

2.3	must	hold.	Under	the	four	first	assumptions	(FE.1-FE.4),	stating	that	there	is	linearity	in	parameters,	that	

the	sampling	is	random,	there	is	no	perfect	collinearity,	the	regressors	vary	over	time,	and	zero	conditional	

mean,	the	FE	estimator	is	unbiased	and	consistent	with	a	fixed	number	of	time	periods	(T)	as	the	number	of	

entities	 converge	 to	 infinity	 (𝑁 → ∞).	 These	 four	 assumptions	 are	 the	 same	 as	 for	 the	 first-differencing	

estimator	 that	will	 be	discussed	 in	 section	9.4.	When	 the	 fifth	and	 sixth	assumptions	 (FE.5	and	FE.6)	 are	

included,	covering	serial	correlation	and	exogeneity,	the	FE	estimator	is	not	only	unbiased	and	consistent	but	

also	the	best	 linear	unbiased	estimator	(BLUE).	Assumption	6	differentiates	the	FE	estimator	from	the	FD	

estimator	by	including	the	assumption	that	the	idiosyncratic	errors	are	serially	uncorrelated.	Assumption	7	

(FE.7)	covers	assumption	4	through	6	(FE.4-FE.6)	but	is	stronger	as	it	assumes	normal	distribution.	This	implies	

a	normally	distributed	FE	estimator	so	that	the	t-	and	F-statistics	follows	the	t-	and	F-distributions.	
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These	 assumptions	 imply	 that	 the	 fixed	 effect	 estimation	 method	 will	 solve	 the	 issue	 related	 to	 the	

unobserved	 fixed	 effect,	 𝑎J,	 experienced	 with	 the	 POLS	 model.	 However,	 it	 will	 not	 resolve	 the	 serial	

correlation	issue,	as	this	is	still	assumed	to	be	non-existing.	As	will	be	discovered	in	the	following	section,	

there	are	also	certain	considerations	to	be	made	when	dealing	with	an	unbalanced	panel	data.	

	

9.2.2 Fixed	Effects	with	Unbalanced	Panel	Data	

When	using	 the	FE	estimation	approach	on	an	unbalanced	panel	data,	additional	considerations	must	be	

made.	The	critical	question	is	why	there	are	missing	observations	and	whether	these	missing	observations	

are	correlated	with	the	idiosyncratic	error.	When	the	missing	observations	are	not	correlated	to	the	error	

term,	the	unbalanced	panel	data	causes	no	problems.	However,	if	there	is	a	correlation	between	the	missing	

observations	and	the	idiosyncratic	error,	the	estimator	might	be	biased	(Wooldridge,	2016).	

In	some	cases,	the	reason	for	missing	observation	might	merely	be	a	lack	of	collected	data	and	is	thus	not	

correlated	to	the	error	term.	However,	as	we	are	dealing	with	firms	as	entities,	missing	observations	might	

stem	 from	mergers	 and	 acquisitions,	 changes	 in	 the	 activeness	 of	 a	 company,	 etc.	 In	 the	dataset	 of	 this	

analysis,	this	is	solved	by	setting	restrictions	to	the	firms	included,	such	that	all	firms	are	active	throughout	

the	entire	period	and	that	they	did	not	go	through	substantial	acquisitions	or	mergers	(see	section	4.1).	In	

the	unbalanced	panel	data	of	this	analysis,	the	missing	observations	are	thus	reckoned	to	be	due	to	lack	of	

data	and	uncorrelated	to	the	error	term,	rejecting	any	issues	that	might	be	explicitly	caused	by	the	data	being	

unbalanced.		

	

9.2.3 Overall	Assessment	of	Fixed	Effects	

By	time-demeaning	the	variables,	the	FE	approach	mitigates	the	issue	related	to	the	unobserved	fixed	effects	

of	the	POLS	model.	However,	the	FE	models	still	assume	that	there	is	no	autocorrelation	in	the	error	terms.	

A	test	for	autocorrelation	in	the	POLS	models	is	representative	also	for	the	FE	approach	and	that	the	statistics	

hence	are	invalid.	However,	as	discovered	in	the	discussion	on	POLS,	these	statistics	can	be	made	valid	by	

clustered	standard	errors.	

Another	 issue	 arises	 when	 using	 the	 within	 estimator,	 which	 is	 directly	 related	 to	 how	 it	 mitigates	 the	

endogeneity	 issue	 of	 the	 POLS	model.	 The	 removal	 of	 the	 fixed	 effects	 also	 disables	 the	 possibilities	 to	
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consider	 observed	 company	 fixed	 effects,	 which	 might	 prove	 valuable	 when	 attempting	 to	 answer	 the	

hypotheses.	Because	of	this,	an	estimation	approach	that	allows	for	company	fixed	effects	is	assessed	next,	

called	the	Random	Effects	(RE)	approach.	

	

 Random	Effects	(RE)	

The	 Random	 Effects	 (RE)	 approach	 provides	 an	 alternative	 estimation	method	 to	 POLS	 and	 FE	 that	 has	

valuable	characteristics	under	certain	conditions.	As	discovered	in	section	9.2,	FE	models	remove	any	effect	

of	variables	that	are	constant	over	time.	In	the	following	discussion,	it	will	be	shown	that	the	RE	model	allows	

for	time-constant	variables.	

The	 properties	 of	 RE	 estimation	 differs	 from	 the	 ones	 of	 the	 FE	 approach	 because	 the	 random	 effects	

approach	moves	the	unobserved	effect,	𝑎J,	into	the	error	term,	as	in	the	POLS	model	(Wooldridge,	2010).	

From	 this	 follows	 the	 assumption	 that	 the	 unobserved	 effect	 is	 uncorrelated	 with	 all	 the	 explanatory	

variables.	Following	the	same	argument	as	in	the	review	of	the	POLS	model,	it	is	not	reasonable	to	assume	

that	there	is	no	unobserved	fixed	effect.	However,	the	RE	model	has	some	characteristics	making	it	attractive	

to	look	at	nevertheless.		Specifically,	that	the	RE	estimation	method	makes	it	possible	to	test	whether	there	

are	significant	unobserved	fixed	effects	in	a	comparison	of	the	FE	and	RE	model.	

The	RE	estimation	is	performed	by	using	a	GLS	transformation	approach.	The	model	creates	a	parameter,	𝜃,	

which	is	multiplied	by	the	averages,	causing	the	quasi-demeaned	company	fixed	variables	to	be	non-zero.	

The	parameter	takes	a	value	between	zero	and	one	and	is	defined	as	follows:	

𝜃 = 1 −
𝜎cP

𝜎cP + 𝑇𝜎dP

N
P

4 26	

The	example	models	(model	1	for	the	debt	models	and	model	10	for	the	performance	models)	are	specified	

as	follows	through	the	GLS	transformation:	

	

	

																																																													
26	(Wooldridge,	2016,	p.	443)	



The	Performance	and	Capital	Structure	of	Listed	and	Non-Listed	Companies	 	

76	
	

Model	1:	

𝑇𝐷JK − 𝜃𝑇𝐷f = 𝛽M 1 − 𝜃 + 𝛽N 𝑅𝑂𝐴JK − 𝜃𝑅𝑂𝐴f + 𝛽P 𝐿𝑖𝑠𝑡𝑒𝑑J − 𝜃𝐿𝚤𝑠𝑡𝑒𝑑 + 𝛽Q 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K − 𝜃𝐶𝑟𝚤𝑠𝚤𝑠𝐷𝑢𝑟𝚤𝑛𝑔K

+ 𝛽S 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K − 𝜃𝐶𝑟𝚤𝑠𝚤𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔 JK − 𝜃 𝐿𝚤𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝚤𝑠𝚤𝑠𝐷𝑢𝑟𝚤𝑛𝑔 f 	

+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟 JK − 𝜃 𝐿𝚤𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝚤𝑠𝚤𝑠𝐴𝑓𝑡𝑒𝑟 f + ⋯+ 𝑣JK − 𝜃𝑣J 	

Model	10:	

𝑅𝑂𝐴JK − 𝜃𝑅𝑂𝐴f = 𝛽M 1 − 𝜃 + 𝛽N 𝑇𝐷JK − 𝜃𝑇𝐷f + 𝛽P 𝐿𝑖𝑠𝑡𝑒𝑑 − 𝜃𝐿𝚤𝑠𝑡𝑒𝑑 + 𝛽Q 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K − 𝜃𝐶𝑟𝚤𝑠𝚤𝑠𝐷𝑢𝑟𝚤𝑛𝑔K

+ 𝛽S 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K − 𝜃𝐶𝑟𝚤𝑠𝚤𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽T 𝐿𝑖𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔 JK − 𝜃 𝐿𝚤𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝚤𝑠𝚤𝑠𝐷𝑢𝑟𝚤𝑛𝑔 f 	

+ 𝛽V 𝐿𝑖𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟 JK − 𝜃 𝐿𝚤𝑠𝑡𝑒𝑑 ∗ 𝐶𝑟𝚤𝑠𝚤𝑠𝐴𝑓𝑡𝑒𝑟 f + ⋯+ 𝑣JK − 𝜃𝑣J 	

In	 these	 models,	 the	 bar	 denotes	 average.	 The	 variables	 included	 in	 “…”	 are	 the	 𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠,	

𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠,	𝑁𝐴𝐼𝐶𝑆	𝐷𝑢𝑚𝑚𝑖𝑒𝑠,	and	𝐶𝑜𝑢𝑛𝑡𝑟𝑦	𝐷𝑢𝑚𝑚𝑖𝑒𝑠	transformed	similarly	to	the	displayed	

variables.	In	other	words,	the	RE	estimator	subtracts	a	fraction	of	the	time	averages,	creating	so-called	quasi-

demeaned	variables.	The	value	of	the	parameter	𝜃	depends	on	the	variance	of	the	error	term,	the	variance	

of	the	unobserved	fixed	effect,	and	the	number	of	time	periods.	

Through	this	transformation,	the	RE	approach	allows	for	explanatory	variables	that	are	constant	over	time,	

which	is	by	definition	impossible	in	the	FE	estimations.	These	variables	include	the	𝐿𝑖𝑠𝑡𝑒𝑑	dummy,	which	is	

vital	to	the	assessment	of	the	hypotheses.	However,	this	is	only	possible	because	the	model	assumes	that	

the	unobserved	effect,	𝑎J,	is	uncorrelated	with	the	explanatory	variables,	which	might	not	be	true	and	hence	

create	 inconsistent	 estimators.	 This	 will	 be	 further	 discussed	 in	 the	 comparison	 of	 the	 fixed	 effect	 and	

random	effect	model.	

	

9.3.1 Assumptions	of	the	Random	Effects	Approach	

The	random	effects	assumptions	include	several	of	the	same	premises	as	the	fixed	effects	estimation.	More	

specifically,	assumption	FE.1,	FE.2,	FE.4,	FE.5,	and	FE.6	for	the	fixed	effects	estimation	are	also	ideal	random	

effects	 assumptions.	 Because	 the	 RE	 estimation	 allows	 for	 time-constant	 variables,	 assumption	 FE.3	 is	

replaced	by	RE.3,	which	excludes	the	part	of	the	assumption	stating	that	variables	must	vary	over	time.	The	

assumptions	are	listed	in	Appendix	2.4.	

Furthermore,	the	allowance	of	time-constant	effects	requires	assumptions	on	the	relationship	between	the	

explanatory	variables,	𝑋J,	and	the	unobserved	fixed	effect,	𝑎J.	RE.4	is	extended	by	an	addition	to	FE.4	which	

rules	out	correlation	between	the	explanatory	variables	and	the	unobserved	effect.	This	assumption	is,	as	
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discussed	above,	a	key	feature	of	the	RE	estimation.	RE.5,	which	extends	FE.5,	states	that	there	should	be	a	

constant	variance	in	the	unobserved	fixed	effect,	given	the	explanatory	variables.	This	is	in	addition	to	the	

assumption	of	no	serial	correlation.	

Under	the	first	four	random	effects	assumptions	(FE.1,	FE.2,	RE.3,	and	RE.4),	the	RE	is	unbiased	and	consistent	

with	a	fixed	number	of	time	periods	the	number	of	observations	converges	to	infinite	(𝑁 → ∞).	However,	

the	two	additional	assumptions	(RE.5	and	FE.6)	are	necessary	for	the	standard	errors	and	test	statistics	to	be	

valid.	There	is	evidence	of	serial	correlation,	so	this	assumption	is	reckoned	as	violated.	However,	this	can	be	

solved	 by	 clustered	 standard	 errors	 as	 in	 the	 POLS	 and	 FE	 approach.	 Under	 all	 six	 assumptions,	 the	 RE	

estimator	 is	also	asymptotically	efficient,	which	 implies	that	the	RE	estimator	has	smaller	standard	errors	

than	both	the	pooled	OLS	and	the	FE	estimators.	

These	 assumptions	 and	 the	 properties	 of	 the	 RE	 models	 raises	 several	 questions	 and	 issues	 that	 help	

distinguish	 the	 estimation	 from	 the	 POLS	 and	 the	 FE	 method,	 which	 will	 be	 discussed	 in	 the	 following	

sections.	

	

9.3.2 Random	Effects	with	Unbalanced	Panel	Data	

As	with	the	fixed	effects	estimation,	special	considerations	must	be	made	when	estimating	by	random	effects	

on	unbalanced	panel	data.	When	the	data	is	unbalanced,	the	mechanisms	of	the	random	effects	estimator	

changes	slightly.	More	specifically,	the	𝜃	parameter	 is	dependent	on	the	number	of	periods	for	which	we	

have	observations	 for	 the	 entities	 and	 is	 thus	 no	 longer	 fixed.	 Further,	 this	 property	 affects	 the	 random	

effects	transformation	and	the	estimates.	This	issue	is	automatically	solved	by	the	econometric	software	and	

is	done	by	replacing	𝑇	by	the	entity-specific	𝑇J,	as	follows:	

𝜃J = 1 −
𝜎cP

𝜎cP + 𝑇J𝜎dP

N
P
	 5 27	

In	addition	to	this,	the	unbalanced	panel	data	causes	issues	to	be	mitigated	in	regard	to	calculating	the	time	

averages.	More	specifically,	a	 term	should	only	be	 included	 in	 the	calculation	of	 the	 time-averages	 if	 the	

period	 contains	 observations	 for	 the	 dependent	 variable	 and	 all	 explanatory	 variables	 (𝑦JK, 𝑥JKN, … , 𝑥JKl)	

																																																													
27	(Wooldridge,	2016,	p.	447)	
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(Wooldridge,	2016).	This	is	also	taken	care	of	by	the	software	that	includes	a	dummy	variable	which	is	zero	

if	there	are	missing	observations	in	any	or	all	variables,	and	equal	to	one	if	the	observations	are	complete.	

Furthermore,	the	source	of	the	missing	observations	is	important	in	the	random	effects	approach	as	in	the	

fixed	effect	approach.	Using	the	same	argumentation	as	in	the	FE	approach,	it	is	assumed	that	the	missing	

observations	are	due	to	lacking	data	and	uncorrelated	to	the	error.	

	

9.3.3 Test	for	Consistent	RE	Estimators	

As	previously	mentioned,	the	RE	assumption	(RE.4)	which	rules	out	a	correlation	between	the	explanatory	

variables	and	the	unobserved	effect	is	a	crucial	feature.	On	one	side,	it	makes	it	possible	to	include	company	

fixed	effects	in	the	regression,	such	as	the	𝐿𝑖𝑠𝑡𝑒𝑑	dummy.	On	the	other	hand,	if	the	assumption	does	not	

hold,	the	estimates	will	be	inconsistent.	Whether	this	assumption	holds	can	be	tested	conveniently	by	a	direct	

comparison	of	the	FE	and	the	RE	models	due	to	their	different	properties.	

If	the	RE	assumptions	hold,	both	the	FE	and	RE	would	provide	consistent	estimators.	However,	the	standard	

error	of	 the	FE	estimator	would	be	 larger	 than	that	of	 the	RE	estimator.	This	 implies	 that	 the	RE	 is	more	

efficient	if	the	assumption	is	true.	However,	if	the	assumption	does	not	hold,	the	RE	estimator	is	no	longer	

consistent	and	the	FE	approach	is	preferred.	Based	on	the	dissimilarities	in	standard	errors	and	coefficients,	

Jerry	Hausman	created	a	 test	 in	1978	which	enables	a	comparison	of	 the	different	estimators,	called	 the	

Hausman	test28	(Hausman,	1978;	Wooldridge,	2016).	

The	Hausman	test	reveal	whether	the	random	effects	estimator	is	consistent,	by	formally	testing	if	there	is	a	

significant	difference	in	the	coefficients	and	the	standard	errors	of	the	RE	estimator	and	the	FE	estimators.	

The	null	hypothesis	is	that	the	covariance	between	the	unobserved	fixed	effect	and	the	explanatory	variables	

is	zero.	This	implies	that	a	rejection	of	the	null	hypotheses	would	suggest	that	the	RE	estimator	is	inconsistent.	

If	the	null	hypothesis	 is	not	rejected,	the	RE	model	is	preferred	both	due	to	its	 lower	standard	errors	and	

because	it	makes	it	possible	to	include	relevant	company	fixed	variables	(Wooldridge,	2016).	

	

	

																																																													
28	Hausman	test:	see	Appendix	2.6	
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The	test	is	run	on	FE	and	RE	models	simultaneously,	and	the	results	are	presented	in	table	18	and	table	19.	

	

Table	18	-	Hausman	Test	for	Consistent	RE	Coefficients	for	Debt	Models	–	Source:	Own	Contribution	

	

Table	19	-	Hausman	Test	for	Consistent	RE	Coefficients	for	Performance	Models	–	Source:	Own	Contribution	

The	test	statistics	for	all	the	models	have	p-values	below	0.05.	This	leads	to	a	rejection	of	the	null	hypotheses	

that	there	is	no	unobserved	fixed	effect	correlated	to	the	independent	variables.	The	implication	of	these	

test	results	is	thus	that	the	RE	model	estimators	will	be	inconsistent	and	the	FE	approach	is	the	preferred	

choice.	

	

9.3.4 Overall	Assessment	of	Random	Effects	

The	review	of	the	RE	estimation	method	raises	both	pros	and	cons	in	comparison	to	the	POLS	and	the	FE	

approaches.	RE	enables	 inclusion	of	variables	that	are	firm-specific	and	time-fixed.	This	property	makes	it	

possible	 to	 include	 the	 𝐿𝑖𝑠𝑡𝑒𝑑	 dummy	 and	 thus	 allows	 a	 direct	 comparison	 of	 the	 leverage	 and	 the	

performance	of	listed	and	non-listed	firms.	

However,	the	inclusion	of	time-fixed	variables	creates	an	additional	assumption	stating	that	the	unobserved	

fixed	 effect	 cannot	 be	 correlated	 to	 the	 independent	 variables.	 As	 argued	 in	 the	 POLS	 assessment	 and	

confirmed	by	the	Hausman	test,	this	assumption	does	not	hold.	This	particular	 issue	was	solved	in	the	FE	

model.	

In	sum,	the	RE	coefficients	are	inconsistent	due	to	the	correlation	between	unobserved	fixed	effects	and	the	

independent	 variables.	 In	 the	 following	 discussion,	 the	 First-Difference	 (FD)	 estimation	 approach	will	 be	

reviewed	as	an	alternative	to	the	FE	approaches	because	this	model	also	eliminates	the	endogeneity	issue	of	

the	unobserved	fixed	effect.	
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 First-Difference	(FD)	

First-Difference	 (FD)	 estimation	 handles	 the	 correlation	 between	 the	 unobserved	 effect,	 𝑎J,	 and	 the	

explanatory	variables	in	a	similar	matter	as	the	FE	approach.	As	discussed	above,	this	property	is	missing	in	

the	POLS	and	the	RE	approach.	The	way	FD	estimation	handles	this	issue	is	to	use	time	differencing	and	thus	

remove	the	unobserved	effect.	By	subtracting	observations	 in	one	year	 from	another	 in	all	variables,	 the	

effects	that	are	fixed	over	time	will	disappear	(Wooldridge,	2016).	

Model	1	and	Model	10	estimated	by	the	FD	approach	is	specified	as	follows:	

Model	1:		

∆𝑇𝐷JK = 𝛽N∆𝑅𝑂𝐴JK + 𝛽P∆𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽Q∆𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽S∆ 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽T∆ 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K
+ ∆𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + ∆𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK + ∆𝑢JK	

Model	10:		

∆𝑅𝑂𝐴JK = 𝛽N∆𝑇𝐷JK + 𝛽P∆𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽Q∆𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K + 𝛽S∆ 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐷𝑢𝑟𝑖𝑛𝑔K + 𝛽T∆ 𝐿𝑖𝑠𝑡𝑒𝑑J ∗ 𝐶𝑟𝑖𝑠𝑖𝑠𝐴𝑓𝑡𝑒𝑟K
+ ∆𝐶𝑜𝑛𝑡𝑟𝑜𝑙	𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠JK + ∆𝐹𝑖𝑠𝑐𝑎𝑙	𝑌𝑒𝑎𝑟	𝐷𝑢𝑚𝑚𝑖𝑒𝑠JK + ∆𝑢JK	

In	these	equations,	∆	denotes	the	difference	between	two	time	periods	and	the	beta	coefficients	are	called	

the	 first-difference	 estimator.	 From	 the	 specifications	 and	 estimation	 approach	 it	 is	 evident	 that	 the	

unobserved	fixed	effect	issue	is	solved.	

	

9.4.1 Assumptions	for	the	First-Difference	Approach	

The	performance	of	the	first-differences	approach	is	conditional	on	a	set	of	seven	assumptions	(FD.1-FD.7)	

presented	in	Appendix	2.5.	Through	the	review	of	these	assumptions,	it	becomes	clear	that	the	FD	and	the	

FE	approaches	are	similar.	The	first	four	assumptions	(FD.1-FD.4)	are	equal	to	those	of	the	FE	approach,	and	

when	they	hold,	the	FD	estimators	are	unbiased	and	consistent.	The	fourth	assumption	(FD.4)	implies	that	

the	 𝑥JKn 	 are	 strictly	 exogenous	 conditional	 on	 the	 unobserved	 effect.	 This	 is	 a	 key	 assumption	 for	 the	

estimators	to	be	unbiased.	

Assumption	five	and	six	(FD.5-FD.6)	regards	serial	correlation	and	homoskedasticity.	These	must	be	true	for	

the	 standard	 errors	 and	 test	 statistics	 to	 be	 asymptotically	 valid.	 More	 specifically,	 FD.5	 ensures	

homoskedastic	differenced	errors,	∆𝑢JK,	and	FD.6	ensures	that	𝑢JK	follows	a	random	walk	over	time.	As	in	
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POLS,	FE,	and	RE,	these	assumptions	are	not	expected	to	hold	but	are	mitigated	through	application	of	firm-

clustered	standard	errors.	Through	assumption	7	 (FD.7),	 it	 is	 implied	that	 the	FD	estimators	are	normally	

distributed	and	that	the	t-	and	F-statistics	follows	the	corresponding	distributions.	

	

9.4.2 Overall	Assessment	of	the	First-Difference	Approach	

The	FD	approach	has	many	equivalent	properties	to	that	of	the	FE	approach.	Similar	to	the	FE	approach,	FD	

estimation	removes	any	fixed	effects	from	the	regression.	Specifically,	this	is	done	by	time-differencing.	That	

implies	 that	 the	 issues	 from	the	unobserved	 fixed	effects	 in	 the	POLS	and	RE	approaches	are	eliminated.	

However,	it	also	disables	any	fixed	effect	variables	that	are	observed,	such	as	the	𝐿𝑖𝑠𝑡𝑒𝑑	dummy,	which	is	of	

great	interest.	In	other	words,	the	FD	approach	mitigates	the	statistical	issues	proven	for	the	POLS	and	the	

RE	estimation	approach,	but	still	disables	an	essential	variable	in	the	regression.	It	is	not	easy	to	differentiate	

the	properties	of	 the	FD	and	the	FE	approach.	 If	 these	are	proven	to	be	the	statistically	correct	choice,	a	

presentation	of	the	results	from	both	approaches	are	thus	in	place.	

	

 Choice	of	Estimation	Approach	

The	review	of	the	four	panel	data	estimation	approaches	builds	the	foundation	for	the	models	applied	in	this	

analysis.	 The	 POLS	 model	 does	 initially	 not	 seem	 to	 be	 the	 appropriate	 choice	 because	 of	 suspicion	 of	

correlation	between	the	independent	variables	and	unobserved	fixed	effects.	In	addition	to	this,	the	standard	

errors	are	heteroskedastic	and	affected	by	serial	correlation.	However,	these	issues	can	be	mitigated	by	using	

clustered	standard	errors.	

The	FE	approach	provides	a	solution	to	the	correlated	unobserved	fixed	effects.	However,	 the	estimation	

method	does	not	allow	for	the	inclusion	of	company	fixed	effects,	which	is	crucial	to	the	analysis.	The	RE	

approach	solves	the	variable	integration,	but	the	Hausman	test	proves	that	there	is	an	issue	with	unobserved	

fixed	effects	correlation.	This	provides	evidence	that	both	the	RE	and	the	POLS	estimators	are	inconsistent.	

The	FD	approach	mitigates	the	endogeneity	issues	caused	by	unobserved	fixed	effect	in	a	similar	approach	

to	the	FE	estimation.	The	FD	approach	thus	mitigates	the	statistical	matters	proven	for	the	POLS	and	the	RE	

estimation	approaches.	However,	FD	does	not	enable	inclusion	of	the	𝐿𝑖𝑠𝑡𝑒𝑑	dummy	because	it	is	fixed	over	

time,	and	this	is	critical	to	answering	the	hypotheses.	
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Based	on	these	assessments,	the	FE	and	FD	approaches	are	considered	to	be	statistically	preferred.	However,	

because	inclusion	of	the	𝐿𝑖𝑠𝑡𝑒𝑑	dummy	is	essential	to	this	paper,	either	the	POLS	or	the	RE	model	is	required.	

Due	to	the	 intuitive	 interpretation	of	 the	POLS	coefficients,	 this	approach	will	be	applied,	using	clustered	

standard	errors,	despite	the	inconsistent	estimators.	To	support	the	results	of	this	model,	a	comparison	of	

the	results	from	POLS,	FE,	RE,	and	FD	estimation	will	take	place	in	section	11.	Furthermore,	following	the	

analysis	 in	 section	 10,	 robustness	 checks	 for	 the	 results	 will	 be	 performed	 using	 several	 other	 control	

variables	and	comparison	of	model	results.	

	

10 Empirical	Findings	

So	 far,	 a	 discussion	of	 theory	 and	previous	 empirical	 findings	have	been	used	 to	develop	hypotheses.	 In	

combination	with	an	assessment	of	data	and	estimation	approaches,	several	debt	and	performance	models	

have	been	specified.	In	this	section,	the	results	of	these	regression	analyses	will	be	presented.	As	the	variables	

and	models	are	discussed	earlier	in	the	thesis,	this	section	will	exclusively	comment	on	the	results	and	settle	

whether	the	hypotheses	are	rejected	or	not.	As	concluded	in	section	9,	the	POLS	models	are	used	to	assess	

the	results.	The	original	models	are	presented	initially	with	general	comments,	whereas	modified	models	for	

the	specific	research	questions	will	be	assessed	ongoing	to	conclude	on	the	hypotheses.	

	

 Models	for	Research	Questions	1.A	and	1.B	

In	table	20,	the	original	Pooled	OLS	regressions	of	model	1	to	9	are	presented.	The	dependent	variables	are	

the	leverage	ratios	TD,	STD,	and	LTD,	and	the	independent	variables	are	the	performance	measures	ROA,	

ROE,	and	ROCE,	as	well	as	the	firm-specific	control	variables	discussed	in	section	7.	The	R2	for	the	models	

range	between	0,043	 and	0,363,	where	 the	models	 on	 total	 debt	 have	 the	 lowest	 explanation	power.	A	

reason	for	this	may	be	that	short-term	debt	and	 long-term	debt	have	opposite	effects,	making	total	debt	

ambiguous.	Nevertheless,	this	explanatory	power	is	considered	as	being	relatively	solid	compared	to	similar	

research	within	the	field.		
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Table	20	-	Debt	Model	Original	–	Source:	Own	Contribution	
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All	 the	 coefficient	 estimates	 for	 the	 regressors	 are	 significant	 at	 either	 1%,	 5%,	 or	 10%	 level,	 except	 the	

coefficient	of	 lnAge	 in	model	6.	The	F-statistic	 for	 the	models	 is	 shown	 in	 table	21,	 revealing	a	high	 joint	

significance.	

	
Table	21	-	F-statistics	Model	1	to	9	–	Source:	Own	Contribution	

The	coefficients	of	the	ROA-variable	are	significant	at	a	1%	level	on	all	leverage	ratios.	ROA	has	a	negative	

effect	on	the	total	debt	and	long-term	debt	ratios,	while	the	coefficient	has	a	positive	sign	on	short-term	debt	

ratio.	ROE	and	ROCE	also	have	a	negative	effect	on	the	long-term	debt	ratio,	but	a	positive	impact	on	the	

total	debt	and	short-term	debt	ratios.	

As	 the	 specific	 control-variables	 are	 not	 of	 high	 relevance	 to	 answer	 the	 hypotheses,	 they	 will	 only	 be	

commented	on	shortly.	The	sales	growth	has	a	significant	positive	effect	on	the	total	debt-ratio.	This	is	in	line	

with	the	trade-off	theory,	agency	theory,	and	market	timing.	However,	most	of	the	previous	empirical	tests	

found	a	negative	relation.	The	size	of	the	firm	has	a	significant	positive	effect	on	the	total	debt-ratio,	which	

is	 in	 line	with	all	 the	 four	theories	and	 is	mostly	 found	 in	previous	studies.	The	tangibility	of	assets	has	a	

significant	positive	effect	on	the	total	debt-ratio,	which	is	in	line	with	trade-off	theory	and	agency	theory,	

and	most	of	previous	empirical	evidence.	

		

10.1.1 Research	Question	1.A	

Was	capital	structure	in	Nordic	firms	significantly	affected	by	the	2008	global	financial	crisis?	

H.1.A.1 The	total	level	of	debt	decreased	during	the	financial	crisis.	

H.1.A.2 The	level	of	short-term	debt	increased	during	the	financial	crisis.	

H.1.A.3 The	level	of	long-term	debt	decreased	during	the	financial	crisis.	

To	test	hypotheses	1.A.1	to	1.A.3,	Model	1	to	9	in	the	following	table	(table	22)	are	used.	These	regression	

models	are	the	same	as	the	original	models	in	table	20,	except	that	the	interaction	term	between	Listed	and	

Crisis	is	omitted.	By	this	modification,	the	coefficients	of	the	CrisisDuring	variable	gives	the	effect	on	firms	in	

general,	independently	of	firm	type.	All	the	coefficients	are	still	significant	at	either	1%,	5%,	or	10%	level,	and	

the	R2	remains	the	same,	as	the	only	difference	is	the	interpretation	of	the	coefficients.	

Model 1																	 2																 3																 4																 5																 6																 7																 8																 9																

F-statistic 575												 707											 542											 3,557								 4,709								 6,389								 6,522								 5,552								 6,921								
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Table	22	-	Debt	Model	without	Interaction	Terms	–	Source:	Own	Contribution	

The	coefficients	of	CrisisDuring	are	significant	at	a	1%	level	in	all	models.	These	coefficient	estimates	show	if	

firms	had	more	or	less	leverage	on	average	in	the	period	defined	as	during	the	financial	crisis	(2008	to	2010)	

compared	to	before	the	crisis.	
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The	 results	 from	model	1,	2,	 and	3,	 show	 that	 the	 coefficient	estimates	of	 the	CrisisDuring	 are	negative,	

meaning	 that	 the	 total	 debt	 of	 firms	 was	 lower	 during	 the	 crisis	 than	 before	 the	 crisis.	 Looking	 at	 the	

coefficients	on	the	CrisisAfter	variable,	the	signs	are	the	same,	but	the	effect	is	even	stronger.	This	implies	

that	the	general	level	of	total	debt	was	lower	both	during	and	after	the	financial	crisis	compared	to	before.	

It	can	thus	be	concluded	that	the	firms'	total	debt	decreased	during	the	financial	crisis,	and	hypotheses	1.A.1	

is	confirmed.	

From	model	4,	5,	and	6,	it	is	observed	that	the	general	level	of	short-term	debt	was	higher	during	the	crisis	

compared	to	before	the	crisis,	as	the	coefficient	on	CrisisDuring	has	a	positive	sign.	Further,	the	coefficients	

on	CrisisAfter	have	the	same	signs	but	are	slightly	smaller.	This	result	suggests	that	firms	increased	the	level	

of	 short-term	 debt	 during	 the	 crisis	 resulting	 in	 a	 generally	 higher	 level	 in	 the	 aftermath.	 Therefore,	

hypothesis	1.A.2	is	confirmed,	stating	that	firms	increased	their	levels	of	short-term	debt	during	the	crisis.	

Model	7,	 8,	 and	9	 show	 the	 results	of	 the	 long-term	debt	 ratio	 ran	on	 the	 regressors.	CrisisDuring	 has	a	

negative	sign	and	is	larger	than	for	the	total	debt	ratio.	This	implies	that	the	level	of	long-term	debt	held	by	

the	Nordic	firms	was	lower	during	the	financial	crisis.	Looking	at	the	CrisisAfter	coefficients	in	model	7,	8,	and	

9,	they	have	the	same	signs	but	are	slightly	more	negative.	Therefore,	it	can	be	confirmed	that	firms'	level	of	

long-term	debt	decreased	during	the	financial	crisis	and	hypotheses	1.A.3	is	confirmed.	

To	sum	up,	hypotheses	1.A.1,	1.A.2,	and	1.A.3	are	confirmed,	implying	that	the	empirical	results	are	in	line	

with	the	theory	and	previous	findings	reviewed	to	develop	the	hypotheses.	

	

10.1.2 Research	Question	1.B	

Is	there	a	significant	difference	in	the	capital	structure	of	listed	and	non-listed	firms	in	the	aftermath	of	the	

global	financial	crisis	of	2008?	

H.1.B.1 Non-listed	firms	have	significantly	more	total	debt	than	listed	firms.	

H.1.B.2 Non-listed	firms	have	significantly	more	short-term	debt	than	listed	firms.	

H.1.B.3 Listed	firms	have	significantly	more	long-term	debt	than	non-listed	firms.	

To	test	hypotheses	related	to	research	question	1.B	and	be	able	to	answer	if	there	is	a	significant	difference	

in	the	capital	structure	of	listed	and	non-listed	firms,	model	1	to	9	in	table	23	are	used.		
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Table	23	-	Debt	Model	with	CrisisAfter	as	Baseline	–	Source:	Own	Contribution	

In	these	models,	CrisisAfter	 is	used	as	the	baseline	to	 look	at	the	significance	of	the	Listed	variable	 in	the	

aftermath	of	the	financial	crisis.	This	period	is	used	because	the	leverage	ratios	are	expected	to	be	normalized	
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in	 the	 aftermath	 of	 the	 crisis,	 as	 the	 crisis	 forced	 firms	 to	 consider	 their	 capital	 structures	 critically,	 as	

discussed	in	section	6.2.	Table	23	presents	the	outputs	of	the	models,	followed	by	a	discussion	on	the	results	

for	each	model.	To	be	clear,	the	results	are	still	the	same	as	the	original	models	for	all	control	variables,	but	

the	 interpretation	of	the	coefficients	of	the	Listed	variable	 is	different	to	make	 it	easier	 for	the	reader	to	

follow	the	results.	 In	this	model,	the	coefficient	estimates	of	the	Listed	variable	reveals	 if	 listed	firms	had	

higher	or	lower	leverage	ratios	compared	to	non-listed	firms	in	the	period	defined	as	after	the	crisis.	

The	coefficients	on	Listed	in	model	1	and	3	in	table	23	are	significant	on	a	1%	level,	and	significant	on	a	5%	

level	in	model	2.	All	the	coefficients	have	negative	signs,	implying	that	listed	firms	had	lower	levels	of	total	

debt	than	non-listed	firms	in	the	time	after	the	financial	crisis.	This	is	in	line	with	hypothesis	1.B.1,	stating	

that	non-listed	firms	have	significantly	more	total	debt	than	listed	firms.	

Looking	at	the	effect	on	short-term	debt	in	model	4,	5,	and	6,	the	coefficients	of	the	Listed	variable	are	all	

significant	at	1%	level.	The	coefficients	have	a	negative	sign,	implying	that	listed	firms	had	less	short-term	

debt	 than	non-listed	 firms	 in	 the	aftermath	of	 the	 financial	 crisis.	 These	 results	 support	hypothesis	1.B.2	

stating	that	non-listed	firms	have	a	significantly	higher	level	of	short-term	debt	than	listed	firms.	

Model	7,	8,	and	9	shows	the	regressions	with	long-term	debt	ratio	as	the	dependent	variable.	The	coefficients	

on	Listed	are	significant	at	a	1%	level	in	model	7	and	8,	and	at	a	5%	level	in	model	9.	For	all	performance	

measures,	the	coefficient	on	the	Listed	variable	has	a	positive	sign,	implying	that	listed	firms	held	more	long-

term	debt	than	non-listed	firms	in	the	period	after	the	financial	crisis.	These	results	suggest	that	listed	firms	

have	a	significantly	higher	level	of	long-term	debt	than	non-listed	firms,	confirming	hypotheses	1.B.3.	In	sum,	

all	the	models	 in	table	23	support	the	hypotheses	related	to	research	question	1.B.	Non-listed	firms	have	

generally	more	total	and	long-term	debt	than	listed	firms,	but	less	short-term	debt.	

	

 Models	for	Research	Questions	2.A,	2.B,	and	2.C	

In	table	24,	the	original	POLS	regressions	for	model	10	to	18	are	presented.	In	these	models,	the	performance	

measures	ROA,	ROE,	and	ROCE	are	the	dependent	variables,	and	the	independent	variables	are	the	leverage	

ratios	TD,	STD,	and	LTD.	The	firm-specific	control	variables	discussed	in	section	7.3	are	also	included,	as	well	

as	the	listed	dummy	and	the	dummy	variables	for	each	country	and	each	industry.	The	R2	for	the	models	

range	between	0,096	and	0,279.	Compared	to	similar	research	within	the	field,	this	is	considered	as	being	a	

reasonably	 high	 explanatory	 power.	 The	 significance	 of	 the	 specific	 coefficients	 will	 be	 discussed	 in	 the	

following	section	and	modified	models	are	used	to	conclude	on	each	hypothesis.	
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Table	24	-	Performance	Model	Original	–	Source:	Own	Contribution	
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The	control	variables	are	not	of	direct	relevance	to	the	assessment	of	the	hypotheses	and	will	therefore	only	

be	commented	shortly.	Growth	has	a	positive	effect	on	the	performance	measures	in	all	models.	The	size	of	

the	firm,	measured	by	TotAss	is	only	significant	in	model	12	and	13,	and	the	coefficient	estimates	are	all	zero.	

The	 coefficients	 of	 lnAge	 have	 negative	 signs	 in	 all	 models,	 implying	 that	 1%	 increase	 in	 age	 decreases	

performance	by	the	size	of	the	coefficients.	This	means	that	younger	firms	perform	worse	than	older	firms	

do,	which	is	in	line	with	the	discussion	in	section	7.3.2.	The	coefficients	of	TanRat	are	all	significant	on	a	1%	

level	 and	 have	 negative	 signs	 in	 all	 models.	 This	 means	 that	 tangibility	 of	 assets	 affects	 performance	

negatively.		

The	F-statistic	for	the	models	is	shown	in	table	25,	which	are	indicating	a	high	joint	significance	for	all	the	

models.	

	
Table	25	-	F-statistics	Model	10	to	18	–	Source:	Own	Contribution	

	

10.2.1 Research	Question	2.A	

Does	capital	structure	have	a	significant	effect	on	the	performance	of	Nordic	firms?	

H.2.A.1 The	relationship	between	total	debt	and	performance	in	Nordic	firms	is	insignificant.	

H.2.A.2 There	is	a	positive	relationship	between	short-term	debt	and	performance	in	Nordic	firms.	

H.2.A.3 There	is	a	negative	relationship	between	long-term	debt	and	performance	in	Nordic	firms.	

To	test	hypotheses	2.A.1,	2.A.2,	and	2.A.3,	the	models	in	table	26	are	used.	In	this	output,	the	models	are	not	

including	the	interaction	terms	between	the	leverage	ratios	and	the	Listed	dummy.	There	are	excluded	in	

order	to	look	at	the	relationship	between	performance	and	capital	structure	independently	of	firm	type.	

Model 10															 11														 12														 13														 14														 15														 16														 17														 18														

F-statistic 1,651									 1,899								 2,506								 1,368								 2,512								 4,965								 2,214								 1,525								 3,480								
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Table	26	-	Performance	Models	without	Interaction	Terms	–	Source:	Own	Contribution	

Table	26	shows	that	the	coefficients	on	the	leverage	ratios	are	all	significant	at	1%	level	on	all	performance	

measures.	From	model	10	it	is	observed	that	total	debt	has	a	negative	effect	on	ROA.	On	the	other	hand,	

from	model	11	and	12	it	is	observed	a	positive	impact	on	ROE	and	ROCE.	This	can	be	explained	by	the	large	
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denominator	in	ROA	compared	to	ROE	and	ROCE.	The	capital	structure	of	firms	has	a	significant	effect	on	

performance	in	general	and	hypothesis	2.A.1	is	thus	rejected.	However,	because	the	signs	of	the	coefficients	

are	varying,	the	direction	of	the	effect	is	inconclusive.	

The	results	of	model	13	through	15	imply	that	short-term	debt	has	a	positive	effect	on	all	the	performance	

measures.	 These	 results	 imply	 that	 an	 increase	 in	 the	 level	 of	 short-term	 debt	 increases	 performance.	

Hypotheses	2.A.2	 is	 thus	confirmed.	From	model	16	through	18	 it	can	be	concluded	that	 long-term	has	a	

negative	 impact	 on	 the	 performance	 measures.	 This	 indicates	 that	 long-term	 debt	 harm	 business	

performance,	confirming	hypotheses	2.A.3.	

In	sum,	these	results	suggest	that	companies	that	has	high	levels	of	short-term	debt	outperform	those	that	

have	high	levels	of	long-term	debt.	Furthermore,	the	inconclusive	direction	of	total	debt	variable	suggests	

that	the	relationship	between	the	level	of	short-term	and	long-term	debt	is	more	critical	for	performance	

than	the	total	level	of	debt.	

	

10.2.2 Research	Question	2.B	

Is	the	effect	of	capital	structure	on	performance	significantly	different	for	listed	and	non-listed	firms?	

H.2.B The	effect	of	capital	structure	on	performance	is	not	significantly	different	between	listed	

and	non-listed	firms.	

The	discussion	of	research	question	2.A	led	to	the	conclusion	that	short-term	debt	has	a	positive	effect	on	

performance	and	long-term	debt	has	a	negative	impact	on	performance	in	Nordic	firms.	The	conclusion	on	

total	debt	is	ambiguous	because	it	has	a	negative	impact	on	ROA,	but	a	positive	effect	on	ROE	and	ROCE.	This	

effect	is	general	for	listed	and	non-listed	companies.	By	investigating	the	interaction	terms	between	the	debt	

measures	and	the	listed	dummy	in	the	original	performance	models	from	table	24,	it	can	be	revealed	whether	

the	effect	of	debt	on	performance	differ	between	listed	and	non-listed	companies.	By	running	the	regressions	

with	listed	firms	as	the	baseline	rather	than	non-listed	firms,	the	effect	of	debt	on	performance	for	 listed	

firms	is	readily	interpretable,	as	the	coefficients	on	the	leverage	ratios	are	representing	listed	firms.	These	

results	are	displayed	in	table	27	below.	Note	that	the	values	of	the	Unlisted	coefficients	in	table	27	are	equal	

to	the	sum	of	the	leverage	coefficient	plus	the	value	of	the	interaction	term	in	table	24.	
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Table	27	-	Performance	Models	with	Listed	Firms	as	Baseline	–	Source:	Own	Contribution	
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The	only	significant	 interaction	term	between	Listed	and	TD	 is	 in	model	11,	where	ROE	 is	 the	dependent	

variable.	As	seen	in	table	24,	the	coefficient	is	negative	(-0.097),	which	implies	that	the	positive	effect	of	total	

debt	on	ROE	is	less	positive	for	listed	firms.	From	table	27	it	is	observed	that	the	coefficient	on	total	debt	is	

still	significantly	positive	for	listed	firms,	despite	the	reduction	in	the	effect	on	ROE	compared	to	non-listed	

firms.	However,	now	it	is	significant	on	a	5%	instead	of	1%.	The	same	applies	to	model	10	and	12.	

The	interaction	term	between	Listed	and	STD	in	table	24	is	significant	for	all	performance	measures,	implying	

that	the	effect	of	short-term	debt	is	either	less	positive	or	negative	for	listed	firms.	In	model	13,	the	negative	

impact	of	the	interaction	dummy	is	larger	than	the	positive	effect	of	the	STD	coefficient,	meaning	that	there	

is	a	negative	effect	of	STD	on	ROA	 for	 listed	 firms.	However,	 from	table	27	 it	 can	be	concluded	 that	 this	

negative	effect	is	insignificant.	In	model	14	and	15	from	table	27,	it	is	revealed	that	the	effect	of	short-term	

debt	 is	not	completely	offset	by	the	 interaction	term	in	table	24	but	reduces	 it.	 In	these	two	models,	the	

positive	impact	of	short-term	debt	is	still	significant,	however	only	at	a	5%	level	for	model	14.	

In	model	 16,	 17,	 and	 18	 in	 table	 24,	 a	 significant	 positive	 difference	 in	 the	 effect	 of	 long-term	 debt	 on	

performance	between	listed	and	non-listed	firms	is	observed.	From	table	27,	it	is	observed	that	with	ROE	as	

the	dependent	variable,	the	coefficient	for	LTD	is	positive	for	listed	firms,	opposed	to	the	sign	of	non-listed	

firms.	However,	the	positive	effect	is	not	significant,	implying	that	there	is	no	opposing	effect	of	long-term	

debt	in	listed	firms.	In	model	16	and	18	in	table	27,	the	effect	of	long-term	debt	is	less	negative	for	listed	

firms	than	non-listed	firms,	however	still	significant	at	a	1%	level.	

In	sum,	there	are	multiple	significant	differences	in	the	effect	of	debt	on	performance	between	listed	and	

non-listed	companies.	Specifically,	in	all	models,	the	effect	of	debt	on	performance	is	less	radical	for	listed	

firms.	It	must	be	concluded	that	hypothesis	2.B	is	rejected,	as	the	effect	of	capital	structure	on	performance	

is	 significantly	 different	 for	 the	 two	 firm	 types.	 However,	 these	 effects	 are	 not	 to	 an	 extent	 where	 the	

coefficient	is	significant	in	the	opposite	direction.	This	implies	that	the	assessment	of	the	general	effect	of	

debt	on	performance	under	research	question	2.A	is	not	directly	contradicted	when	controlling	for	different	

effects	 in	 listed	and	non-listed	firms.	 In	sum,	hypothesis	2.B	is	rejected,	but	the	significant	results	are	not	

causing	a	contradiction	of	hypothesis	2.A.1,	2.A.2,	and	2.A.3.	
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10.2.3 Research	Question	2.C	

Is	there	a	significant	difference	in	the	performance	of	listed	and	non-listed	companies?	

H.2.C.1 Non-listed	firms	outperform	listed	firms	when	leverage	is	not	controlled	for.	

H.2.C.2 The	 difference	 between	 the	 performance	 of	 listed	 and	 non-listed	 firms	 is	 smaller	 when	

controlling	for	debt.	

To	test	hypothesis	2.C,	the	models	in	table	28	and	table	29	are	used.	

	
Table	28	-	Performance	Model	without	Leverage-Ratios	–	Source:	Own	Contribution	
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The	models	in	table	28	are	modified	by	excluding	the	leverage	ratios	to	see	how	listed	and	non-listed	firms	

differ	in	performance	when	capital	structure	is	not	controlled	for.	The	interaction	terms	between	Listed	and	

Crisis	 are	 also	omitted	 in	 these	models,	 to	 capture	 the	 average	difference	 in	 performance	 for	 the	 entire	

period.	These	results	will	be	compared	to	models	including	the	leverage	ratios,	presented	in	table	29.	This	

makes	it	possible	to	see	if	the	expected	difference	in	performance	between	listed	and	non-listed	firms	is	due	

to	the	distinctions	in	capital	structure.	Note	that	the	models	in	table	28	with	the	same	dependent	variables	

are	identical	because	the	debt	variables	are	excluded.	

The	coefficients	of	the	Listed	variable	are	significant	on	a	1%	level	on	ROA,	ROE,	and	ROCE.	The	signs	are	

negative	for	all	three	performance	measures,	suggesting	that	listed	firms	perform	worse	than	non-listed	firms	

on	average	during	the	time	period	from	2006	to	2016.	This	confirms	hypothesis	2.C.1,	stating	that	non-listed	

firms	outperform	listed	firms	when	capital	structure	is	not	controlled	for.	

In	table	29	presented	below,	the	Listed	dummy	and	the	leverage	ratios	are	included,	however,	without	the	

interaction	terms.	This	enables	a	comparison	of	the	performance	of	listed	and	non-listed	firms	on	a	general	

level	while	controlling	for	different	capital	structures.	

The	coefficient	estimates	of	the	Listed	dummy	is	lower	in	these	models	compared	to	the	models	in	table	28	

where	 the	 leverage	 ratios	 are	 omitted.	 This	means	 that	 capital	 structure	 differences	 explain	 part	 of	 the	

difference	in	performance	for	listed	and	non-listed	firms,	as	the	Listed	dummy	is	less	significant	when	the	

leverage	ratios	are	included.	Because	the	difference	in	performance	between	listed	and	non-listed	firms	is	

smaller	when	controlling	for	capital	structure,	hypothesis	2.C.2	is	confirmed.	
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Table	29	-	Performance	Model	without	Interaction	Terms	–	Source:	Own	Contribution	
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 Conclusion	from	Empirical	Findings	

Table	30	provides	an	overview	of	the	results	from	the	empirical	findings.	

Hypothesis	 Confirmed/Rejected	 	 Implications	of	Results	

	 	 	 	

H.1.A.1	 Confirmed	 	 The	expected	effects	of	the	financial	crisis	of	2008	on	capital	structure	

is	confirmed.	This	supports	the	notion	that	firms	change	their	capital	

structure	and	reach	a	normalized	level	in	the	aftermath,	justifying	the	

period	of	investigation.	

H.1.A.2	 Confirmed	 	

H.1.A.3	 Confirmed	 	

	 	 	 	

H.1.B.1	 Confirmed	 	 The	leverage	differs	significantly	between	listed	and	non-listed	firms	

in	a	period	were	the	level	is	reckoned	as	normal.	It	 is	essential	that	

the	 leverage	 is	 significantly	 different	 for	 this	 to	 be	 a	 source	 of	

deviations	in	performance.	

H.1.B.2	 Confirmed	 	

H.1.B.3	 Confirmed	 	

	 	 	 	

H.2.A.1	 Rejected	 	 The	 rejection	 of	 H.2.A.1	 does	 not	 change	 the	 overall	 conclusion	

because	 the	 direction	 is	 inconclusive.	 The	 confirmations	 of	H.2.A.2	

and	H.2.A.3	confirm	that	STD	is	positively	and	significantly	related	to	

performance	and	that	LTD	is	negatively	related.	Held	together	with	

the	results	 from	H.1.B.2	and	H.1.B.2,	these	results	suggest	superior	

performance	by	non-listed	firms.	

H.2.A.2	 Confirmed	 	

H.2.A.3	 Confirmed	 	

	 	 	 	

H.2.B	 Rejected	 	 The	 effect	 of	 capital	 structure	 on	 performance	 is	 significantly	

different	for	listed	and	non-listed	firms,	but	not	to	an	extent	that	it	

contradicts	the	findings	from	H.2.A.2	and	H.2.A.3.	

	 	 	 	

H.2.C.1	 Confirmed	 	 There	 is	a	significant	difference	 in	performance	between	 listed	and	

non-listed	 firms	 and	 this	 is	 reduced	when	 controlling	 for	 leverage.	

This	 implies	 that	 deviations	 in	 performance	 is	 partly	 explained	 by	

differences	in	capital	structure.	

H.2.C.2	 Confirmed	 	

	
Table	30	–	Overview	of	Empirical	Findings	–	Source:	Own	Contribution	
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From	these	findings	the	suggestions	made	in	the	introduction	are	supported.	There	is	a	difference	in	the	

performance	of	listed	and	non-listed	companies,	and	these	are	to	some	extent	explained	by	differences	in	

capital	structure.	More	specifically,	it	is	proves	that	non-listed	firms	have	more	short-term	debt	and	less	

long-term	debt,	which	implies	higher	performance	because	STD	is	positively	related	to	performance	and	

LTD	is	negatively	related.		

	

11 Robustness	Check	

To	test	the	validity	of	the	results,	several	robustness	checks	are	performed.	As	discovered	in	section	9,	the	

Pooled	OLS	model	 estimates	 are	 inconsistent	because	 the	unobserved	 fixed	effect	 is	 correlated	with	 the	

explanatory	 variables.	 This	 makes	 it	 especially	 important	 to	 check	 the	 robustness	 of	 this	 model	 as	 the	

inconsistent	estimators	might	cause	biased	conclusions.	The	POLS	models	are	tested	by	(1)	a	comparison	of	

the	results	from	other	panel	data	estimation	approaches	and	(2)	a	comparison	of	the	models	with	different	

variables	included.	

	

 Comparison	of	Estimation	Approaches	

Table	31	and	32,	show	the	debt	and	performance	models,	respectively,	estimated	by	the	different	estimation	

approaches	 discussed	 in	 section	 9.	 However,	 only	 the	 models	 with	 ROA	 as	 performance	 measure	 are	

disclosed	 here,	 as	 they	 are	 assumed	 to	work	 as	 a	 proxy	 for	 the	 validity	 of	 the	 remaining	models.	More	

specifically,	the	models	representing	the	debt	models	are	1,	4,	and	7,	and	model	10,	13,	and	16	represent	the	

performance	models.	 All	 18	models	 estimated	 by	 all	 four	 approaches	 are	 disclosed	 in	Appendix	 3.1	 and	

Appendix	3.2.	
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Table	31	–	Debt	models	(1,	4,	and	7)	Estimated	by	POLS,	FE,	RE,	and	FD	–	Source:	Own	Contribution	

	

From	table	31,	model	1,	4,	and	7,	estimated	by	POLS,	FE,	RE,	and	FD	are	displayed.	From	these	results,	it	is	

possible	to	compare	the	inconsistent	POLS	estimators	to	the	similar	RE	approach,	as	well	as	the	consistent	

FE	and	FD	estimators.	As	discussed	in	section	9,	the	FE	and	FD	approaches	eliminates	constants	and	time-

fixed	effects,	making	it	impossible	to	compare	variables	that	are	fixed	over	time.	Furthermore,	the	size	of	the	

coefficients	will	naturally	vary	due	to	different	estimation	approaches,	limiting	the	comparison	to	coefficient	

sign	and	significance.	However,	a	 comparison	of	 the	 signs	and	significance	of	 the	 remaining	 time-varying	

variables	gives	an	indication	of	the	robustness	of	the	POLS	estimators.	

In	 all	 the	 three	debt	models,	 the	 sign	and	 significance	of	 the	 coefficients	 are	mostly	 the	 same	by	all	 the	

different	approaches,	implying	that	the	POLS	approach	estimates	the	correct	sign	of	the	variables	that	are	
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significant.	However,	there	are	some	exceptions.	The	estimated	coefficient	for	ROA	in	model	4	is	positive	and	

significant	in	POLS,	FE,	and	RE,	but	negative	and	significant	in	the	FD	model.	In	other	words,	FD	estimates	

that	increased	growth	in	ROA	leads	to	a	decrease	in	the	growth	of	short-term	debt,	while	the	three	other	

models	predict	a	positive	relationship.	In	addition,	the	interaction	terms	between	Listed	and	Crisis	on	STD	are	

significant	in	POLS.	Despite	this,	there	are	very	few	deviating	estimators	of	relevance,	implying	that	the	POLS	

estimators	provide	results	coherent	with	the	consistent	estimates	of	the	FE	and	FD	approaches.	

	
Table	32	-	Performance	Models	(10,	13,	and	16)	Estimated	by	POLS,	FE,	RE,	and	FD	–	Source:	Own	Contribution	
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In	table	32	the	performance	models	10,	13,	and	16	estimated	by	POLS,	FE,	RE,	and	FD	are	presented.	Similar	

to	what	is	observed	in	table	31,	the	coefficients	are	mostly	of	the	same	signs	and	significance	in	all	models.	

However,	as	for	the	debt	models,	some	coefficients	are	different.	First,	the	relationship	between	short-term	

debt	 and	 ROA	 is	 negative	 in	 the	 FD	 estimation	 of	model	 13,	 in	 contrast	 to	 the	 three	 other	models	 that	

estimate	a	positive	and	significant	relationship.	This	is	not	very	surprising,	given	that	the	same	difference	was	

discovered	in	the	assessment	of	the	debt	models.	Second,	the	Listed	dummy	in	model	10	is	significant	by	

POLS	 estimation,	 but	 not	 by	 the	 estimators	 by	 the	 RE	 approach.	 However,	 they	 are	 of	 equal	 signs.	

Furthermore,	because	it	is	less	significant,	it	does	not	contradict	the	findings	that	suggest	a	less	significant	

difference	 in	performance	between	 listed	and	non-listed	firms	when	 leverage	 is	accounted	for.	Third,	the	

significance	of	TotAss,	measuring	 size,	 is	 varying	across	 the	 four	approaches	 in	 all	models.	 This	might	be	

explained	by	the	low	coefficient	and	standard	errors.	Lastly,	there	are	some	variations	in	the	significance	of	

the	 interaction	 terms	 in	 model	 10	 and	 16.	 These	 differences	 in	 the	 model	 estimates	 are	 not	 of	 severe	

importance	for	this	paper’s	conclusion,	and	the	POLS	model	is	thus	considered	to	be	sufficient	to	confirm	or	

deny	the	hypotheses,	despite	its	inconsistent	estimators.	

	

 Robustness	Check	by	Adding	Control	Variables	

To	test	 the	robustness	of	 the	POLS	estimates	 further,	 the	results	of	 the	original	models	are	compared	to	

specifications	including	a	number	of	additional	control	variables.	The	variation	of	independent	variables	is	

done	by	two	different	modifications.	The	first	alteration	 incorporates	various	country-specific	variables	 in	

addition	to	the	original	variables,	denoted	by	Macro.	Specifically,	corporate	tax	rate,	consumer	price	index,	

GDP	growth,	house	price	index,	industrial	production,	unemployment	rate,	and	interest	rates	are	included	in	

the	 regression.	 The	 second	 variation	 includes	 firm-specific	 variables,	 hence	 denoted	 by	 Firm.	 More	

specifically,	 liquidity,	 interest	 rate,	 effective	 tax,	 and	 profit	margin	 are	 added	 as	 complementary	 control	

variables.		

The	additional	control	variables	are	summarized	in	table	33,	and	table	34	provide	descriptive	statistics	on	the	

added	variables.	



The	Performance	and	Capital	Structure	of	Listed	and	Non-Listed	Companies	 	

103	
	

	
Table	33	-	Definition	of	New	Variables	–	Source:	Own	Contribution	

	

	
Table	34	-	Descriptive	Statistics	for	Added	Variables	–	Source:	Own	Contribution	

	

With	these	robustness	checks,	the	validity	of	both	the	debt	and	the	performance	models	are	tested.	Once	

again,	only	model	1,	4,	7,	10,	13,	and	16	are	disclosed,	working	as	proxies	for	the	remaining	models.	The	

results	of	the	original	models,	the	macro	models,	and	the	firm	models	are	displayed	in	table	35	and	table	36.	

Variable Measure Unit Short	name Definition
Macroeconomic	Factors Corporate	Tax % CorpTax Defined	in	Section	4	-	Background	Information

Consumer	Price	Index % CPI Defined	in	Section	4	-	Background	Information

GDP	Growth % GDPGrowth Defined	in	Section	4	-	Background	Information

House	Price	Growth % HousePrice Defined	in	Section	4	-	Background	Information

Industrial	Production % IndPro Defined	in	Section	4	-	Background	Information

Unemployment	Rate % Unemp Defined	in	Section	4	-	Background	Information

Short	Term	Interest	Rate % ShortTermInt Defined	in	Section	4	-	Background	Information

Long	Term	Interest	Rate % LongTermInt Defined	in	Section	4	-	Background	Information

Firm	Specific	Factors Liquidity	Ratio % Liquid (Current	Fixed	Assets 	-	Inventory)	/	Non-Current	Liabi l i ties

Interest	Paid USDt Interest Exchange	rate	used	for	each	clos ing	date

Effective	Tax	Rate % EffTax Total 	Tax	Expenses 	/	Earnings 	Before	Tax

Profit	Margin % ProfMarg Net	Income	/	Operating	Revenue
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Table	35	–	POLS	Robustness	Checks	Model	1,	4	&	7	–	Source:	Own	Contribution	



The	Performance	and	Capital	Structure	of	Listed	and	Non-Listed	Companies	 	

105	
	

From	table	35,	it	is	observed	that	several	of	the	macro	variables	have	individual	significance	in	the	models.	

These	variables	are	the	corporate	tax,	consumer	price	 index,	house	price	 index,	unemployment	rate,	and	

interest	rates.	Although	the	coefficients	have	varying	significance,	F-tests	of	these	variables	in	model	1,	4,	

and	7	reveal	a	joint	significance	at	a	1%	level	in	all	models	(((1)	F	=	510.9,	(4)	F	=	949,	(7)	F	=	247.1).	Despite	

the	 significant	 relationships,	 the	 inclusion	of	macro	 variables	 does	not	 seem	 to	 increase	 the	 explanatory	

power	highly,	nor	affect	 the	coefficients’	 significance.	The	 r-squared	 is	 slightly	higher	 than	 in	 the	original	

model,	implying	that	the	country	dummies	in	the	original	model	capture	most	of	the	variation	in	leverage	

explained	by	the	additional	macro	variables.	Neither	the	sign	of	the	coefficients	nor	the	significance	seems	

to	change	in	the	variables	from	the	original	specification	when	including	the	macro	variables.	This	implies	

that	the	estimations	in	model	1,	4,	and	7	are	robust	to	the	inclusion	of	additional	macro	variables.	

Similar	 to	 the	 macro	 variables,	 the	 firm-specific	 control	 variables	 have	 partly	 individual	 significance.	 An	

assessment	of	the	variables’	 joint	significance	reveals	that	the	variables	in	sum	have	a	causal	effect	on	all	

leverage	measures	 (((1)	F	=	1,337,	 (4)	F	=	571.6,	 (7)	F	=	467.1).	This	 joint	significance	has	a	slightly	 larger	

impact	on	the	explanatory	power	of	the	models.	In	all	models,	the	r-squared	is	increased,	both	compared	to	

the	 original	 model	 and	 the	macro	model.	 This	 implies	 that	 the	 included	 control	 variables	 explain	 some	

additional	 variation	 in	 the	 debt	measures.	 However,	 the	 sign	 and	 significance	 of	 the	 coefficients	 of	 the	

variables	from	the	original	models	are	mostly	unchanged.	The	only	variables	that	are	notably	changed	are	

total	assets	and	the	listed	dummy.	The	significance	of	total	assets	is	reduced	in	all	three	models,	as	some	of	

the	variation	explained	by	this	variable	is	now	described	by	the	other	control	variables.	The	coefficients	of	

the	listed	dummy	are	mostly	equal	in	the	original	models	and	the	models	including	the	firm-specific	variables.	

However,	a	slightly	lower	significance	is	observed	in	model	4.	This	is	caused	by	a	reduction	in	the	numeric	

size	of	the	coefficient.	Despite	this,	the	variable	is	still	significant	at	a	10%	level	and	have	the	same	sign	as	

before.	The	 result	 from	the	second	extension	 is	 thus	 that	 the	debt	models	are	 robust	 to	 the	 inclusion	of	

additional	firm-specific	variables.	

The	following	table	(table	36)	shows	the	original	models,	the	macro	and	the	firm	specifications	for	model	10,	

13	and	16,	with	ROA	as	the	performance	variable.	
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Table	36	-	POLS	Robustness	Checks	Model	10,	13	&	16	–	Source:	Own	Contribution	
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Similar	results	are	observed	for	the	performance	models	in	table	36	as	for	the	debt	models	in	table	35.	When	

including	macro	 variables	 in	model	 10,	 13,	 and	 16,	 several	 of	 the	 additional	 coefficients	 are	 individually	

significant.	Furthermore,	F-tests	reveal	a	high	joint	significance	in	all	models	(F	=	520.8)29.	Comparable	to	the	

results	of	the	debt	models,	the	explanatory	power	of	the	models	is	not	very	affected	by	the	inclusion	of	macro	

variables,	 but	 the	 r-squared	 is	 slightly	 increased	 in	 all	 three	models.	However,	 the	 coefficients	 are	more	

affected	when	moving	 from	 the	 original	model,	 compared	 to	what	was	 observed	 in	 table	 35.	 The	 listed	

dummy	has	become	significant	at	a	10%	level	in	model	13,	while	this	was	insignificant	in	the	original	model.	

Nevertheless,	 a	 closer	 look	 reveals	 that	 the	 coefficient	 and	 standard	 error	 is	 not	 changed	 when	 only	

displaying	two	decimal	places,	implying	that	this	coefficient	must	be	close	to	significant	at	a	10%	level	in	the	

original	model	as	well	(original	p-value	of	0.1056).	Disregarding	the	listed	dummy,	most	coefficients	are	of	

both	equal	 signs	and	 significance	 in	 the	macro-extended	models	and	 the	original	models,	 supporting	 the	

robustness	of	the	results.	

The	firm-specific	extension	displays	only	one	or	two	individually	significant	results	for	each	model.	However,	

the	f-statistics	reveal	a	high	joint	significance	(F	=	26,900)30.	This	notion	is	further	supported	when	observing	

the	changes	to	the	explanatory	power	of	the	models.	The	r-squared	of	all	three	models	is	profoundly	affected	

by	the	inclusion	of	firm-specific	variables,	implying	that	these	explain	a	large	proportion	of	the	variation	in	

the	performance,	here	measured	by	ROA.	The	variables	somewhat	affect	 the	coefficient	estimates	of	 the	

variables	included	in	the	original	model.	Worth	mentioning	is	the	change	of	significance	of	the	listed	dummy.	

The	coefficient	estimates	become	more	positive	in	all	three	models,	implying	that	some	of	the	difference	in	

performance	of	listed	and	non-listed	firms	are	explained	by	the	additionally	included	firms-specific	control	

variables.	

Despite	the	fact	that	some	of	the	coefficients	are	changed	as	a	result	of	adding	firm-specific	control	variables,	

the	models	seem	to	be	relatively	robust.	The	inclusion	of	macro	and	firm-specific	variables	does	not	seem	to	

change	 the	 conclusions	 of	 this	 paper,	 and	 the	 robustness	 checks	 thus	 support	 the	 results	 of	 the	 POLS	

approach.	 Furthermore,	 it	 was	 previously	 concluded	 that	 the	 POLS	 estimates	 provide	 results	 that	 are	

supported	by	 the	 three	other	panel	data	estimation	approaches.	 The	 conclusion	 is	 thus,	by	 checking	 the	

estimates	in	model	1,	4,	7,	10,	13,	and	16,	that	the	results	are	based	on	robust	models.	

	

																																																													
29	The	F-tests	for	the	macro	variables	are	identical	for	all	models	because	the	dependent	variable	is	unchanged.	
30	The	F-tests	for	the	firm	variables	are	identical	for	all	models	because	the	dependent	variable	is	unchanged.	
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12 Conclusion	

This	research	investigates	the	difference	in	performance	of	listed	and	non-listed	Nordic	companies	and	if	the	

firms'	capital	structure	explains	this	difference.	The	performance	of	listed	and	non-listed	firms	is	not	an	area	

of	 vast	 literature	 but	 has	 been	 increasingly	 investigated	 the	 last	 three	 decades.	 Previous	 research	 has	

primarily	focused	on	differences	in	corporate	governance	and	ownership	structure	as	the	source	of	deviation	

in	performance.	In	this	paper,	it	is	suggested	that	the	primary	structural	distinction	between	listed	and	non-

listed	 firms	 is	 their	 sources	of	 financing,	 implying	 that	 they	have	different	 levels	of	debt	and	equity.	 The	

majority	of	capital	 structure	 theory	and	empirical	 findings	suggest	 that	 the	 level	of	debt	has	a	significant	

impact	on	 the	performance	of	 firms.	Based	on	 this	notion	 it	 is	argued	 that	different	 levels	of	debt	might	

explain	differences	 in	performance	between	listed	and	non-listed	firms.	The	investigation	is	based	on	five	

research	questions	that	are	attempted	answered	through	several	hypotheses	developed	from	theories	and	

previous	findings.	By	analyzing	a	panel	data	set	of	listed	and	non-listed	firms	in	the	Nordic	countries	from	

2006	to	2016,	these	hypotheses	are	assessed	thoroughly.	

The	first	research	question	considers	whether	capital	structure	in	the	Nordic	firms	was	significantly	affected	

by	the	global	financial	crisis	of	2008,	with	the	goal	of	justifying	the	period	of	study.	The	regression	results	

show	that	the	total	level	of	debt	significantly	decreased	during	the	financial	crisis.	Further	it	was	observed	

that	short-term	debt	increased	during	the	crisis	and	that	long-term	debt	declined.	It	is	thus	concluded	that	

the	results	are	supporting	the	notion	that	times	of	distress	forces	firms	to	change	their	capital	structure	and	

that	leverage	ratios	can	be	considered	to	be	at	a	normalized	level	in	the	period	after	the	financial	crisis.	

Following	 the	 answer	 to	 the	 first	 research	 question,	 it	 was	 investigated	 whether	 there	 is	 a	 significant	

difference	in	the	capital	structure	of	listed	and	non-listed	firms	in	the	aftermath	of	the	financial	crisis.	This	

investigation	 is	crucial	to	answer	 if	the	potential	difference	in	performance	between	listed	and	non-listed	

firms	 is	 due	 to	 distinctions	 in	 capital	 structure.	 The	 regression	 results	 show	 that	 non-listed	 firms	 have	

significantly	more	total	debt	and	short-term	debt	than	listed	firms,	while	listed	firms	hold	substantially	more	

long-term	debt	than	non-listed	firms.	The	results	therefore	confirm	that	there	is	a	significant	difference	in	

the	capital	structure	of	the	two	firm	types.	

Further,	the	assumption	that	capital	structure	affects	the	firms'	performance	was	analyzed.	Specifically,	it	is	

argued	that	total	debt	have	an	ambiguous	effect	of	performance,	while	short-term	debt	and	long-term	debt	

has	opposing	significant	effects.	Based	on	results	from	previous	research,	it	is	argued	that	short-term	debt	is	

positively	related	to	performance,	while	long-term	debt	is	negatively	related.	The	empirical	findings	show	a	
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positive	 relation	 between	 short-term	debt	 and	 performance,	 but	 a	 negative	 effect	 of	 long-term	debt	 on	

performance.	Further,	there	is	a	significant	positive	relationship	between	total	debt	and	ROE	and	ROCE,	but	

a	negative	relationship	between	total	debt	and	ROA,	and	thus	an	ambiguous	relationship	between	total	debt	

and	performance.	It	is	confirmed	that	there	is	a	significant	difference	in	the	capital	structure	of	the	two	firm	

types,	as	well	as	capital	structure	significantly	affects	the	firms'	performance.	Specifically,	non-listed	firms	

have	more	short-term	debt,	which	is	positively	correlated	to	performance,	and	less	long-term	debt,	which	is	

negatively	related	to	performance.	These	notions	suggest	that	capital	structure	differences	are	a	reason	why	

non-listed	firms	outperform	listed	firms.	

The	third	research	question	considers	deviations	in	the	effect	of	capital	structure	on	performance	for	listed	

and	 non-listed	 firms.	 The	 empirical	 findings	 show	 that	 the	 effect	 of	 capital	 structure	 on	 performance	 is	

significantly	different	for	listed	and	non-listed	firms,	however	not	to	the	extent	that	the	relationship	changes	

signs.	Combining	these	findings	with	the	empirical	evidence	showing	that	capital	structure	have	a	significant	

effect	on	the	performance	of	Nordic	firms	supports	the	notion	that	non-listed	firms	outperform	listed	firms	

as	a	result	of	differences	in	leverage	ratios,	even	after	controlling	for	distinct	relationships	between	debt	and	

performance	in	the	two	firm	types.	

The	 last	 aspect	 analyzed	 to	 answer	 the	 problem	 statement	 is	 if	 there	 is	 a	 significant	 difference	 in	 the	

performance	 of	 listed	 and	 non-listed	 firms.	 The	 analysis	 provides	 significant	 evidence	 that	 there	 is	 a	

difference	in	the	performance	of	 listed	and	non-listed	Nordic	firms,	supporting	previous	research	and	the	

corresponding	hypothesis.	However,	when	leverage-ratios	are	controlled	for,	the	difference	in	performance	

is	 reduced.	 These	 empirical	 findings	 suggest	 that	 leverage	 ratios	 significantly	 explain	 the	 difference	 in	

performance	between	listed	and	non-listed	firms,	as	initially	suggested	in	this	paper.	

The	empirical	evidence	on	24,784	listed	and	non-listed	Nordic	firms	support	the	initial	suggestion	that	the	

performance	of	 listed	and	non-listed	firms	differ	due	to	distinctions	 in	the	capital	structure.	The	evidence	

shows	that	there	is	a	difference	in	leverage	and	that	non-listed	firms	have	more	short-term	debt	than	listed	

firms,	which	is	positively	related	to	performance.	Furthermore,	listed	firms	are	proven	to	have	more	long-

term	debt	than	non-listed	firms,	which	is	negatively	related	to	performance,	implying	superior	performance	

of	non-listed	firms	based	on	capital	structure.	This	notion	is	confirmed	by	the	regression	results	showing	that	

non-listed	 firms	 perform	 significantly	 better	 than	 listed	 firms	 in	 the	 Nordics	 and	 that	 this	 difference	 in	

performance	is	reduced	when	controlling	for	capital	structure.	By	holding	these	results	together,	it	can	be	

concluded	that	non-listed	firms	outperform	listed	firms,	due	to	distinctions	in	the	capital	structure.	This	might	
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explain	why	a	recent	trend	is	showing	that	an	increasing	number	of	companies	stay	private	rather	than	go	

public.	

The	 findings	 of	 this	 thesis	 contribute	 to	 the	 literature	 on	 the	 capital	 structure	 of	 firms,	 determinants	 of	

performance,	 and	 differences	 between	 listed	 and	 non-listed	 firms.	 Specifically,	 the	 results	 of	 this	 paper	

suggest	a	shift	in	the	focus	of	capital	structure	research.	The	existing	capital	structure	theories	focus	of	the	

choice	between	equity	and	total	debt,	while	this	paper	provides	evidence	that	the	choice	between	short-

term	and	long-term	debt	is	significantly	related	to	performance.	Furthermore,	the	paper	contributes	to	with	

a	new	 focus	 for	 studies	of	 listed	and	non-listed	 firms.	Previous	 research	has	primarily	 focused	on	agency	

costs,	while	the	results	of	this	paper	suggest	that	capital	structure	is	an	important	determinant	of	differences	

in	performance	between	listed	and	non-listed	firms.	To	sum	up,	the	empirical	findings	and	discussions	on	

theories	contribute	to	literature	regarding	capital	structure	and	performance	of	firms,	and	how	this	differ	

between	listed	and	non-listed	firms.	

	

13 Further	Research	

As	discovered	initially,	there	is	not	a	great	deal	of	literature	on	the	topic	of	the	difference	between	listed	and	

non-listed	firms.	Most	of	the	research	on	the	difference	in	performance	focus	on	corporate	governance	and	

how	the	different	company	structures	are	sources	of	agency	cost.	Throughout	this	paper,	a	need	for	analysis	

of	additional	firm-specific	factors	has	been	revealed.	The	inclusion	of	capital	structure	and	other	firm-specific	

factors	have	reduced	the	difference	in	performance	of	listed	and	non-listed	firms	significantly.	This	suggests	

that	 a	 comprehensive	 analysis	 of	 firm	 and	 macro	 variables	 can	 explain	 the	 difference	 in	 performance	

between	the	two	types	of	firms	to	some	extent.	As	this	paper	mainly	focuses	on	the	importance	of	capital	

structure	 differences,	 future	 research	 can	 benefit	 from	 analyzing	 a	more	 substantial	 proportion	 of	 firm-

specific	variables	and	how	these	contribute	to	the	observed	performance	difference	between	listed	and	non-

listed	firms.	One	of	these	measures	are	investments,	which	have	been	used	in	previous	studies,	as	revealed	

in	 the	 literature	 review	 in	 section	 6	 (Pagano,	 Panetta,	 &	 Zingales,	 1998;	 Fama	 &	 French,	 2002).	 An	

investigation	of	how	investments	relates	to	both	the	leverage	and	performance	might	further	help	to	explain	

the	sources	of	difference	between	listed	and	non-listed	firms.	

In	the	debt	models	of	this	analysis,	there	are	various	control	variables	included	to	explain	a	larger	proportion	

of	the	variance	in	the	dependent	variables	and	eliminate	bias	in	the	estimates.	However,	the	paper	does	not	

evaluate	these	variables	individually	in	detail.	An	investigation	of	the	effect	of	both	firm	and	macro	specific	
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variables	 on	 leverage	 could	 help	 reveal	 the	 determinants	 of	 capital	 structure	 as	well	 as	 how	 they	 differ	

between	 listed	 and	non-listed	 companies.	 By	 showing	 these	 relationships,	 a	 better	 understanding	of	 the	

underlying	factors	influencing	leverage	is	obtained.	In	addition,	the	access	to	capital	outside	stock	exchange	

has	 increased	 the	 last	 years	due	 to	 improvements	within	 technology,	which	may	 impact	 the	decision	on	

staying	private	or	going	public.	It	can	be	interesting,	and	most	relevant,	to	investigate	whether	this	increased	

access	to	private	equity	changes	firms'	capital	structure,	and	their	decision	on	staying	private	or	going	public.	

In	 the	 performance	models,	 it	 is	 assumed	 that	 the	 three	 leverage	 ratios	 have	 linear	 relationships	 to	 the	

performance	measures.	However,	as	discovered	in	section	6.1,	some	of	the	capital	structure	theories	suggest	

that	 there	 is	 an	optimal	 level	of	debt.	 For	example,	 the	 trade-off	 theory	by	Robicheck	and	Myers	 (1966)	

suggests	 a	 concave	 relationship	 between	 leverage	 and	 performance.	 By	 allowing	 for	 such	 non-linear	

relationship,	 it	 might	 be	 revealed	 a	 more	 nuanced	 difference	 in	 the	 effect	 of	 leverage	 on	 performance	

between	listed	and	non-listed	firms.	

Furthermore,	the	analysis	is	based	on	a	number	of	limitations	discussed	in	section	1.3.	These	delimitations	

pose	as	possible	extensions	for	future	research.	First,	this	paper	focuses	on	firms	in	the	Nordics	exclusively	

because	they	bear	the	same	characteristics	in	their	legal,	political,	and	economic	environment.	It	would	be	

interesting	 to	 see	 if	 the	 findings	 in	 this	 paper	 apply	 to	 a	 more	 substantial	 proportion	 of	 the	 world	 by	

investigating	a	similar	dataset	from	another	geographical	area.	

Second,	it	is	assumed	that	the	period	after	the	financial	crisis	of	2008	poses	as	an	optimal	time	to	investigate	

this	issue.	A	more	comprehensive	assessment	of	the	relationship	between	performance	and	leverage	in	listed	

and	non-listed	firms	in	multiple	time	periods	can	possible	give	some	interesting	insights	into	the	effects	of	

the	economic	environment.	 Such	an	analysis	 could,	 for	example,	 look	 closer	 at	 the	 relationship	between	

macro	variables	and	 the	 level	of	debt	or	performance	of	 these	 two	types	of	 firms.	The	 insights	 from	this	

analysis	could	be	a	more	comprehensive	understanding	of	what	causes	firms	to	change	their	capital	structure	

and	why	it	differs	between	listed	and	non-listed	companies.	

Third,	this	analysis	controls	for	different	industry-factors	by	dummies,	but	do	not	analyze	whether	the	results	

depend	on	what	industry	the	firms	are	categorized	in.	A	study	of	various	industries	could	be	performed	with	

a	similar	dataset	as	applied	in	this	analysis	by	focusing	the	different	effects	within	each	sector.	Furthermore,	

an	analysis	of	the	different	industries	can	give	insight	to	the	recent	trend	observed	in	US	that	companies	that	

traditionally	would	have	gone	public	stay	private	(Rasmussen,	2017).	This	is	especially	related	to	tech	firms,	

which	is	a	fast-growing	industry	both	in	number	and	size	of	the	firms.	However,	this	would	require	a	dataset	

that	includes	tech-firms,	as	well	as	firms	that	change	company	type	during	the	period.	It	can	be	interesting	
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to	compare	this	trend	 in	different	geographic	areas,	and	the	outcomes	of	such	a	trend.	For	example,	this	

trend	is	not	identified	in	the	Nordics	so	far	(EY,	2018).	

Fourth,	 the	 results	 of	 this	 analysis	 are	 dependent	 on	which	 variables	 that	 are	 included	 as	measures	 for	

performance	and	leverage.	Although	the	results	are	tested	for	robustness	by	adding	independent	variables,	

there	are	still	other	ways	of	specifying	the	debt	and	performance	models.	It	was	shown	that	the	coefficient	

estimates	are	sensitive	to	whether	ROA,	ROE,	or	ROCE	is	used	as	a	performance	measure	in	some	cases.	By	

attempting	to	answer	the	same	research	questions	by	using	other	performance	measures	the	robustness	of	

the	results	can	be	further	assessed.	Earnings	before	interest,	taxes,	depreciation	and	amortization	(EBITDA)	

margin31	is	one	variable	that	can	be	used	to	measure	performance.	EBITDA	is	a	measure	of	the	cash	a	firm	

generates	 from	 its	operations	and	has	available	to	make	 interest	payments	 (Berk	&	DeMarzo,	2014).	The	

EBITDA-margin	is	related	to	the	whole	firm,	as	both	debt	and	equity	holders	have	to	claim	them.	Further,	as	

it	is	before	taxes,	depreciation,	and	amortization,	it	excludes	accounting-	and	tax	differences	across	countries	

and	industries.	The	same	goes	for	the	debt	measures.	This	paper	is	limited	to	using	measures	of	debt	including	

other	 liabilities.	Although	 it	 is	not	expected	 to	have	a	significant	effect	on	 the	 results,	more	precise	debt	

measures	can	be	applied	to	test	the	accuracy	of	the	results.	

In	sum,	this	paper	creates	grounds	for	several	future	areas	of	research.	Most	importantly,	it	reveals	how	firm-

specific	 factors	 influence	the	difference	 in	performance	of	 listed	and	non-listed	firms	and	the	 importance	

leverage.	These	results	suggest	that	future	research	on	the	difference	between	listed	and	non-listed	firms	

should	 focus	 on	 other	 firm-specific	 factors	 in	 addition	 to	 the	 previously	 adopted	 notion	 that	 the	 main	

difference	stems	from	agency	costs.	Further,	by	relaxing	the	delimitations	of	the	analysis	of	this	paper,	the	

robustness	of	the	results	can	be	further	assessed,	enabling	a	more	comprehensive	and	general	conclusion.	

	

	 	

	 	

																																																													
31	EBITDA-margin:	EBITDA	divided	by	net	income	(Berk	&	DeMarzo,	2014)	
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15 Appendices	
	

 Appendix	1	–	Background	Information		
	

15.1.1 GDP	in	Current	USD	

	
Figure	13	-	Gross	Domestic	Product	in	Current	USD	–	Source:	Own	Contribution	(Bloomberg,	2018)	
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15.1.2 Real	GDP	Growth	per	Country	

	

	

	
Figure	14	-	Real	Gross	Domestic	Product	Growth	per	Country	–	Source:	Own	Contribution	(Bloomberg,	2018)	
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15.1.3 House	Price	Growth	per	Country	

	

	

	
Figure	15	-	House	Price	Growth	per	Country	–	Source:	Own	Contribution	(Bloomberg,	2018)	
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15.1.4 Unemployment	Rate	per	Country	

	

	

	
Figure	16	-	Unemployment	Rate	per	Country	–	Source:	Own	Contribution	(Bloomberg,	2018)	
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15.1.5 Exchange	Rates	per	Country	

	

	

	
Figure	17	-	Exchange	Rates,	Nordic	Currencies	per	USD,	per	Country	–	Source:	Own	Contribution	(OECD,	Exchange	Rates,	2018)	

		

	

	

	

	

	 	

-  

2,00	

4,00	

6,00	

8,00	

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Exchange	rates:	DKK/USD

-  
0,20	
0,40	
0,60	
0,80	
1,00	

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Exchange	rates:	FIM/USD

-  

50,00	

100,00	

150,00	

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Exchange	rates:	ISK/USD

-  
2,00	
4,00	
6,00	
8,00	
10,00	

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Exchange	rates:	NOK/USD

-  
2,00	
4,00	
6,00	
8,00	
10,00	

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Exchange	rates:	SEK/USD



The	Performance	and	Capital	Structure	of	Listed	and	Non-Listed	Companies	 	

127	
	

	

15.1.6 Appreciation/Depreciation	of	Currencies	per	Country	

	

	

	
Figure	18	-	Exchange	Rates,	Nordic	Currencies	per	USD,	per	Country	–	Source:	Own	Contribution	(OECD,	Exchange	Rates,	2018)	
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 Appendix	2	–	Model	Specification	
	

15.2.1 Appendix	2.1	–	OLS	and	POLS	Assumptions	

	

OLS.1	

	

The	OLS	model	can	be	written	as	𝑦J = 𝛽M + 𝛽N𝑥N + ⋯+ 𝛽l𝑥l + 𝑢J,	with,	𝑘,	regressors	

(𝛽N, 𝛽P, … , 𝛽l)	and	𝑢	is	the	unobserved	error	term.		

	

OLS.2	 There	is	a	random	sample	of	𝑛	observations,	following	the	model	in	assumption	OLS.1	

	

OLS.3	 In	the	sample,	there	are	no	constant	regressors,	and	no	exact	linear	relationship	between	

the	independent	variables.	

	

OLS.4	 The	error,	𝑢,	given	any	independent	variable,	𝑋J,	has	an	expected	value	of	zero:	

𝐸 𝑢 𝑥N, 𝑥P, … , 𝑥l = 0	

	

OLS.5	 Conditional	on	all	explanatory	variables,	the	variance	of	the	error,	𝑢,	is	constant:	

𝑉𝑎𝑟 𝑢 𝑥N, 𝑥P, … , 𝑥l = 𝜎P	

	

Table	36	–	Multiple	OLS	Assumptions	–	Source:	(Wooldridge,	2016,	p.	92)	
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POLS.1	

	

The	error,	𝑢K,	given	any	independent	variable,	𝑋JK,	in	any	period,	𝑡,	has	an	expected	value	

of	zero:	𝐸 𝑢K|𝑥NK, 𝑥PK, … , 𝑥lK = 0, 𝑡 = 1,2, … , 𝑇.	

	

POLS.2	 There	 is	 no	 perfect	 linear	 relationship	 between	 the	 explanatory	 variables:	

𝑟𝑎𝑛𝑘 𝐸 𝑥Kq𝑥Kr
KsN = 𝐾.	

	

POLS.3	 (a) Conditional	on	all	explanatory	variables,	the	expected	value	of	the	squared	error,	

𝑢KP,	 is	constant:	𝐸 𝑢KP 𝑥K = 𝜎P, 𝑡 = 1,2, … , 𝑇.	This	 implies	that	the	conditional	

variance	does	not	depend	on	the	explanatory	variables.	

(a) The	 covariance	 of	 the	 errors,	 conditional	 of	 the	 explanatory	 variables,	 across	

different	time	periods	is	zero:	𝐸 𝑢K𝑢u|𝑥K, 𝑥u = 0, 𝑡 ≠ 𝑠, 𝑡, 𝑠 = 1, … , 𝑇.	

Table	37	–	Pooled	Ordinary	Least	Squares	Assumptions	–	Source:	(Wooldridge,	2010,	p.	192)	
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15.2.2 Appendix	2.2	–	VIF	Tables	

Model	1	 Model	2	 Model	3	

	 	 	

Model	4	 Model	5	 Model	6	

	 	 	

Model	7	 Model	8	 Model	9	

	 	 	

Table	38	-	VIF	Tables	for	Debt	Models	–	Source:	Own	Contribution	
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Model	10	 Model	11	 Model	12	

	 	 	

Model	13	 Model	14	 Model	15	

	 	 	

Model	16	 Model	17	 Model	18	

	 	 	

Table	39	-	VIF	Tables	for	Performance	Models	–	Source:	Own	Contribution	
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15.2.3 Appendix	2.3	–	FE	Assumptions	

	FE.1	 For	each	 𝑖,	 the	model	 is	𝑦JK = 𝛽N𝑥JKN + 𝛽P𝑥JKP + ⋯+ 𝛽l𝑥JKl + 𝑎J + 𝑢JK, 𝑡 = 1,2, … , 𝑇,	

where	𝛽n 	is	the	parameters	to	estimate	and	𝑎J 	is	the	unobserved	effect.		

	

FE.2	 The	model	is	estimated	based	on	a	random	sample	from	a	cross	section.	

	

FE.3	 Each	explanatory	variable	varies	over	time	and	has	a	no	perfect	linear	relationship	with	

other	explanatory	variables.	

	

FE.4	 For	 each	 time	 period,	 𝑡,	 the	 expected	 value	 of	 the	 idiosyncratic	 error,	𝑢JK,	 given	 the	

explanatory	variables,	𝑋J,	is	zero:	𝐸 𝑢JK 𝑋J, 𝑎J = 0.	

	

FE.5	 The	 errors	 are	 serially	 uncorrelated	 (for	 all	 𝑦 ≠ 𝑠)	 conditional	 on	 all	 explanatory	

variables,	𝑋J,	and	the	unobserved	fixed	effect,	𝑎J:	𝐶𝑜𝑣 𝑢JK, 𝑢Ju 𝑋J, 𝑎J = 0.	

	

FE.6	 The	variance	of	the	idiosyncratic	error,	𝑢JK,	given	the	explanatory	variables,	𝑋J,	and	the	

unobserved	fixed	effect,	𝑎J,	is	equal	to	the	variance	of	the	error	alone:	𝑉𝑎𝑟 𝑢JK 𝑋J, 𝑎J =

𝑉𝑎𝑟 𝑢JK = 𝜎cP, 𝑓𝑜𝑟	𝑎𝑙𝑙	𝑡 = 1, … , 𝑇.	

	

FE.7	 The	 idiosyncratic	error,	𝑢JK,	are	 independent	and	 identically	normally	distributed	with	

mean	of	zero	and	variance	of	𝜎cP,	conditional	on	the	explanatory	variables,	𝑋J,	and	the	

unobserved	fixed	effect,	𝑎J:	𝑁 0, 𝜎cP .	

Table	40	–	Fixed	Effect	Estimation	Assumptions	–	Source:	(Wooldridge,	2016,	p.	458)	
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15.2.4 Appendix	2.4	–	RE	Assumptions	

	

	

RE.3	

	

There	are	no	perfect	linear	relationship	among	the	explanatory	variables,	𝑋J.	

	

RE.4	 FE.4:	For	each	time	period,	𝑡,	the	expected	value	of	the	idiosyncratic	error,	𝑢JK,	given	the	

explanatory	variables,	𝑋J,	is	zero:	𝐸 𝑢JK 𝑋J, 𝑎J = 0.		

	

Addition:	 The	 expected	 value	 of	 𝑎J 	 is	 constant,	 given	 all	 explanatory	 variables:	

𝐸 𝑎J 𝑋J = 𝛽M.	

	

RE.5	 FE.5:	The	errors	are	serially	uncorrelated	 (for	all	𝑦 ≠ 𝑠)	 conditional	on	all	explanatory	

variables,	𝑋J,	and	the	unobserved	fixed	effect,	𝑎J:	𝐶𝑜𝑣 𝑢JK, 𝑢Ju 𝑋J, 𝑎J = 0.	

	

Addition:	Given	all	explanatory	variables,	the	variance	of	𝑎J 	is	constant:	𝑉𝑎𝑟 𝑎J 𝑋J = 𝜎dP	

	

Table	41	–	Fixed	Effect	Estimation	Assumptions	–	Source:	(Wooldridge,	2016,	pp.	458-459)	
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15.2.5 Appendix	2.5	–	FD	Assumptions	

FD.1	 For	each	 𝑖,	 the	model	 is	𝑦JK = 𝛽N𝑥JKN + 𝛽P𝑥JKP + ⋯+ 𝛽l𝑥JKl + 𝑎J + 𝑢JK, 𝑡 = 1,2, … , 𝑇,	

where	𝛽n 	is	the	parameters	to	estimate	and	𝑎J 	is	the	unobserved	effect.		

	

FD.2	 The	model	is	estimated	based	on	a	random	sample	from	a	cross	section.	

	

FD.3	 Each	explanatory	variable	varies	over	time	and	has	a	no	perfect	linear	relationship	with	

other	explanatory	variables.	

	

FD.4	 For	 each	 time	 period,	 𝑡,	 the	 expected	 value	 of	 the	 idiosyncratic	 error,	𝑢JK,	 given	 the	

explanatory	variables,	𝑋J,	is	zero:	𝐸 𝑢JK 𝑋J, 𝑎J = 0.	

	

FD.5	 Conditional	on	all	explanatory	variables,	the	variance	of	the	differenced	errors,	∆𝑢JK,	is	

constant:	𝑉𝑎𝑟 ∆𝑢JK 𝑋J = 𝜎P, 𝑡 = 2, … , 𝑇.	

	

FD.6	 For	 all	 pairs	 (all	 𝑡 ≠ 𝑠),	 the	 differences	 in	 idiosyncratic	 errors,	 are	 uncorrelated	

conditional	on	all	explanatory	variables,	𝑋J:	𝐶𝑜𝑣 ∆𝑢JK, ∆𝑢Ju 𝑋J = 0, 𝑡 ≠ 𝑠.	

	

FD.7	 Conditional	 on	 all	 explanatory	 variables,	 𝑋J,	 the	 differenced	 errors,	 ∆𝑢JK,	 are	

independent	and	identically	distributed	normal	random	variables.	

Table	42	–	Fixed	Effect	Estimation	Assumptions	–	Source:	(Wooldridge,	2016,	pp.	432-433)	
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15.2.6 Appendix	2.6	–	Hausman	Test	

Jerry	Hausman	 created	 a	 test	 in	 1978	which	 enables	 a	 review	of	 the	 difference	 between	 the	 estimators	

(Hausman,	1978;	Wooldridge,	2016).	

The	hypothesis	is	whether	the	covariance	between	the	unobserved	fixed	effect	and	the	explanatory	variables	

is	zero	or	not.	Formally	the	hypothesis	is	defined	as:	

𝐻M:	𝐶𝑜𝑣 𝑎J, 𝑥JK = 0	32	

𝐻N: 𝐶𝑜𝑣 𝑎J, 𝑥JK ≠ 0		

The	Hausman	statistics	has	a	𝜒zP 	distribution	under	the	null	hypothesis	and	is	found	as:	

𝐻 =
𝛽{|∗ − 𝛽}|∗

𝑉𝑎𝑟 𝛽{| − 𝑉𝑎𝑟 𝛽}|
	~	𝐻M	~	𝜒NP	33	

If	the	assumption	of	no	correlation	with	the	unobserved	effect	is	true,	the	numerator	would	be	small	and	the	

denominator	would	be	 large,	 resulting	 in	 failure	 to	reject	𝐻M.	On	the	other	hand,	 if	 there	 is	a	correlation	

present,	 the	 numerator	 will	 be	 large	 and	 the	 denominator	 will	 be	 small,	 and	 the	𝐻M	 hypothesis	 will	 be	

rejected.	In	other	words,	if	the	Hausman	test	rejects	the	𝐻M,	one	uses	the	FE	estimates,	and	otherwise	RE	

estimates	(Wooldridge,	2016).	

	

	

	

	

	

	

	

	

																																																													
32	(Wooldridge,	2010,	p.	331)	
33	(Wooldridge,	2010,	p.	331)	
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 Appendix	3	–	Empirical	Findings	
	

15.3.1 Debt	Models	

	
Table	44	–	POLS	Debt	Model	Original	–	Source:	Own	Contribution	
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Table	45	-	FE	Debt	Model	Original	–	Source:	Own	Contribution	
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Table	46	–	RE	Debt	Model	Original	–	Source:	Own	Contribution	
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Table	47	–	FD	Debt	Model	Original	–	Source:	Own	Contribution	
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15.3.2 Performance	Models	

	
Table	48	–	POLS	Performance	Model	Original	–	Source:	Own	Contribution	
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Table	49	-	FE	Performance	Model	Original	–	Source:	Own	Contribution	
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Table	50	-	RE	Performance	Model	Original	–	Source:	Own	Contribution	
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Table	51	-	FD	Performance	Model	Original	–	Source:	Own	Contribution	
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