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Abstract  

The thesis examines the relationship between performance (measured by return on 

assets, return on equity and profit margin) and capital structure (measured by 

indebtedness) in Czech manufacturing companies and how this relationship has 

changed with respect to the world financial crisis. In order to address the issue of 

heterogeneous sectors present in manufacturing industry and to provide a universally 

applicable conclusion, the key variables were transformed according to the percentile 

rank within a given manufacturing sector in a given year. The general conclusion is 

that the examined relationship is not the same for all levels of indebtedness. The 

relationship is positive until it reaches a certain level of indebtedness and above this 

threshold the relationship is negative. This threshold differs across different industry 

sectors, time and with the usage of different performance measures. The only 

exception is a model using time period before the financial crisis and profit margin as 

a performance measure, which predicts the relationship to be negative for all levels of 

indebtedness. Regarding the development of the examined relationship over time, the 

optimal indebtedness decreased during and after the financial crisis when the 

performance was measured by return on assets or return on equity. The opposite 

dynamics was observed when the performance was measured by profit margin.  
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Abstrakt  

Práce zkoumá vztah mezi kapitálovou strukturou (měřenou mírou zadluženosti) 

a výkonností (měřenou rentabilitou aktiv, vlastního kapitálu a tržeb) v českých 

zpracovatelských firmách a vývoj tohoto vztahu vzhledem k nedávné finanční krizi. 

Abychom vzali v potaz různorodost jednotlivých sektorů zpracovatelského průmyslu 

a přitom byli stále schopni poskytnout obecně aplikovatelný závěr, přetransformovali 

jsme klíčové proměnné na základě percentilového umístění v rámci daného 

zpracovatelského sektoru v daném roce. Výsledek našich odhadů poukazuje na 

http://ideas.repec.org/j/F12.html
http://ideas.repec.org/j/F12.html
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rozdílnost zkoumaného vztahu vzhledem k úrovni zadluženosti. Vztah je pozitivní 

pouze do určité úrovně zadluženosti a od této úrovně výše se stává negativním. Tento 

bod zlomu kolísá napříč různými zpracovatelskými sektory, časovými úseky i při 

použití různých indikátorů výkonnosti. Jedinou výjimkou je model používající 

rentabilitu tržeb jako indikátor výkonnosti v období před finanční krizí. Ten odhadl 

vztah jako negativní pro jakoukoliv úroveň zadluženosti. Co se týče vývoje 

zkoumaného vztahu v čase, optimální úroveň zadlužení se během krize a po ní snížila 

v případě, že výkonnost měříme pomocí rentability aktiv či vlastního kapitálu. 

V případě měření výkonnosti pomocí rentability tržeb byl vývoj přesně opačný. 

 

Klasifikace  C23, D22, G31, M20  

Klíčová slova Kapitálová struktura, výkonnost, páka, 

zadluženost, optimální kapitálová struktura, 
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Defense Planned: June 2016 

 

Proposed Topic: 

Relationship between company’s capital structure and its performance: Empirical 

study from Czech Republic 

Motivation: 

Choosing the source of financing for company´s activities is one of the crucial 

decisions made by company´s management. There is an opinion, that the capital 

structure could influence company´s value and vice versa. There are multiple types of 

economical agents seeking different goals in company´s management and activities. 

Shareholders seek growth of company´s performance to increase its value, 

debtholders want to gain the biggest possible interest payments with as low risk as 

possible and government authorities usually want to collect taxes to finance their 

election campaign promises, whereas managers want to get big pay-cheque bonuses. 

Therefore, there might exist conflicting interests among economical agents. I will try 

to determine relationships between capital structure and company´s performance. 

Performance growth is the shareholders´ main goal, so understanding the connection 

between performance and capital structure could help them to set managers´ 

incentives accordingly.  

 

The value of the company growths hand in hand with both its past and expected 

performance. There are various ways how to measure a company´s performance. 

Earnings per share Return on Assets, Return on Equity, Tobin´s Q to name just a few. 

The Tobin´s Q is basically market-based approach influenced by market agents´ 

expectations about the company´s future performance, whereas the other listed 

measures are accounting-based methods prepared by accountants according to 

accounting standards (Demsetz, Villalonga 2001, p. 213). I will use both of these 

approaches of performance measurement to estimate the relations with differently 

measured company performance. This could help investors to better form their 

expectations and firm value estimates.  

 

In a very simplified way, according to the Modigliani–Miller theorem, in taxed, but 

otherwise perfect, market, there is an advantage of debt financing because of the tax-

deductible interest payments, also called a tax shield. Therefore the bigger 

indebtedness, the bigger tax advantage, the bigger value of the firm. On the other 

hand, as firm gets more leveraged it also gets more risky and unpredictable, which in 

result lowers company´s value. I will try to use the estimated relationship from Czech 

panel data over recent years to determine the optimal capital structure in Czech 

environment. Using the time period of several years could also provide an estimation 

of the dynamic effects of changes in independent variables on dependent variable and 

vice versa. Moreover, using proper methods for panel data, we can get rid of bias 

caused by firm-specific omitted variables that are stable over time. 
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Hypotheses: 

1. Hypothesis #1: Capital structure determinants are significantly related to the 

company´s performance in the Czech Republic 

2. Hypothesis #2: The relationship between company´s indebtedness and its 

performance is not linear for Czech data and it has concave nature with 

a maximum inside of [0; 1] interval. 

3. Hypothesis #3: The maximum of this relationship is moving towards higher 

levels of indebtedness in time. 

Methodology: 

I will gather relevant available data (e.g. financial statements, Income statements, 

taxation and so on) from Magnus database. Then I will use the means of 

Econometrics to process these data and to find possible relations between chosen 

variables. Simultaneous equations model or Vector autoregression model seems like 

good candidates to use to find desired relationships. From the preliminary 

examination of the available data, there could be a problem of unbalanced panel data. 

I will probably have to address this issue by using robust methods (i.e. least trimmed 

squares…). There will be necessary to execute some tests and trials, to choose proper 

data treatment and most suitable method of estimation. 

 

Significance of independent variables in the model will tell us if those have some 

influence on the company´s performance. To estimate what polynomial fits best on 

the effect of indebtedness on performance, I will include the powered version of 

those variables until the highest significant order. I can then find the maximum of this 

polynomial on the [0; 1] interval to find the optimal level of indebtedness in the 

Czech Republic. The other possibility is to divide companies in the database into, for 

example 20 groups according to the level of indebtedness and then include those 

groups in the model as dummy variables. 

Expected Contribution: 

The results of this thesis could help Czech company owners and managers to set up 

some general rule of thumb of the optimal scheme of financing. More generally, 

estimated relationships could help us to understand better the mechanisms driving 

changes in capital structure and performance, and thus we should be able to make 

more precise expectations about the company´s future.  It could also help 

policymakers to anticipate the possible consequences of the changes in taxation. 

Using a big panel dataset could help to improve not only the efficiency of estimation 

(Hsiao et al., 1995), but also the accuracy of the estimates. Moreover, it provides 

opportunity to study the dynamic nature of underlying mechanisms and to control for 

the influence of omitted variables (Hsiao 2006). 

Outline: 

1. Introduction: I will introduce the issue, state the desired goals of the thesis and 

inform the reader about its structure 

2. Theory: Here I will summarize the existing theory on measuring company´s 

performance and also relationship between financial structure and company´s 

performance. 

3. Former researches on the topic: This part will summarize the conclusions of 

previous researches on this topic 

4. Data description: I will describe the dataset, its source and its characteristics 

5. Method description: I will describe the method of estimation I will use, how it 

works, why I chose it, its advantages and disadvantages 
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1 Introduction  

Deciding on sources of financing for company activities is one of the crucial aspects 

of company management as it can significantly influence business performance. 

Business performance was described by Venkatraman and Ramanujan (1986) as a set 

of attributes such as the company´s value, its financial performance, and other 

financial and operational outcomes. There is a long-lasting debate about how to 

optimally choose the structure of the company´s liabilities. The best capital structure 

is often viewed as such capital structure that minimizes the average costs of 

financing, which subsequently improves the value of the firm. Modigliani and Miller 

(1958) laid the theoretical basis for the following theories and researches focused on 

the choice of optimal capital structure. Their first proposition from 1958 suggested, 

that under some restrictive assumptions, capital structure does not play any role in 

determining a company´s market value. Later on, the same authors published the 

second proposition, which relaxed the assumption of no taxes and suggested that 

there is a tax advantage of debt financing over equity financing. During the decades 

after, there were new theories emerging, which tried to relax some unrealistic 

assumptions of Modigliani-Miller proposition. In 1970´s it was a trade-off theory by 

Kraus and Litzenberger (1973) and agency cost theory by Jensen and Meckling 

(1976) followed by pecking order theory in the first half of 1980´s. Those were the 

most influential theories and each of them implied different relationship between 

capital structure and company performance. Empirical researches conducted in 

a number of different countries also often yielded in contradictory outcomes about 

this relationship. 

The objective of this thesis is to examine the empirical relationship between capital 

structure and company performance using panel data of manufacturing companies 

operating within the Czech environment and Czech legal framework. The industry in 

which the firm is operating might have a significant influence on the nature of 

examined relationship so this research is carried out with emphasis on the possible 

effect of industry on this relationship. The relationship is not expected to be linear as 

it would lead to the optimal capital structure of either totally unlevered firm or solely 

indebted firm with no own capital. Squared and cubed variables are therefore 

included in the regressions. Such nonlinear relationship can be then used to determine 

the level of indebtedness connected with the best company performance (in this work 

measured by return on assets, return on equity, and profit margin) by searching for 
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maximum of the resulting polynomial in the [0; 1] interval of indebtedness. 

Additionally, we examined the impact of the world financial crisis on the relationship 

of interest. 

The work is structured in the following manner. First, the literature review is 

presented, which is divided into two main topics regarding company performance and 

capital structure. In the performance part, the definition of performance, its 

measurement, its determinants, and its effects on other variables is discussed. 

A similar discussion is then held about capital structure and is followed by reviews of 

some previously published empirical studies of the relationships between 

performance and capital structure. The literature review is followed by Methodology 

part where the data used for the thesis are described together with the methods used 

to estimate the desired relationship. The methodology is followed by estimation itself, 

which is divided into two main parts. The first part presents indicative estimates of 

the relationship with a standard approach which does not take into account the 

differences across various manufacturing sectors. The second part of conducted 

estimations is carried on with emphasis on these differences and uses percentile 

values. Summary of percentile estimations is provided at the end of Chapter 4.2. Last 

part presents the conclusions. 
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2 Literature review  

This part of the thesis serves as a review of theoretical and empirical studies 

regarding company performance, capital structure, and their relationship. 

2.1 Company performance  

This chapter summarizes both theoretical and empirical findings regarding company 

performance. 

2.1.1 Theoretical background  

Despite the indisputable importance of company performance, there is no unified 

consensus about what the performance actually is. Instead, there exists a number of 

different definitions, kinds, and measurements of company performance. One of the 

reasons for this could be a variety of economic agents interested in the different 

results of any given company. Shareholders might be interested in Return on Equity, 

Earnings per Share or how is the company performing in raising its own market 

value, whereas debtholders could be more interested in how the company is 

performing in risk management, return on assets or collecting receivables. Tax 

collectors could be more focused on company´s earnings before interest and taxes. 

Many researchers therefore generally defined company performance as the ability to 

satisfy the stakeholders´ objectives (Brito & Santos, 2012). Stakeholders as defined 

by Freeman (2010) are “any group or individual who can affect or is affected by the 

achievement of the organization’s objectives”. But this definition seemed a little too 

vague, so Clarkson (1995) proposed segmentation of stakeholders to several groups. 

He divided them into primary stakeholders and secondary stakeholders. Primary 

stakeholders are those who are directly interacting with the given company and they 

are represented by employees, shareholders, debtholders, customers, and suppliers. 

Secondary stakeholders are those who do not directly interact with the company, but 

they are somehow either affected by its activities or conversely affect the company 

indirectly. Typical representative groups of secondary stakeholders are governments, 

trade associations, communities or political groups (Donaldson & Preston, 1995). All 

these kinds of stakeholders pursue different goals and it is up to managers to balance 

their satisfaction in the best possible manner, because it is not possible to completely 

satisfy all of them (Fitzgerald & Storbeck, 2003). Therefore, the definition of 
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performance together with criteria against which it should be judged should be 

chosen based on the overall context (Cameron, 1986).   

Venkatraman and Ramanujan (1986) offered the general theoretical structure of 

company performance. This structure was depicted as three concentric circles of 

different sizes. The biggest circle represented so-called organizational effectiveness. 

The second biggest circle was the subset of organizational effectiveness and was 

called business performance and the smallest circle depicted as a subset of business 

performance was called financial performance. Financial performance includes all the 

financial outcomes of the company, whereas business performance contains also 

operational outcomes on top of that. Organizational effectiveness includes all the 

other aspects of a properly functioning company, such as suitable hierarchy structure, 

minimization of the possibility of some internal error or speed of adaptation to new 

conditions on the market (Cameron 1986). Nevertheless, this concept of performance 

structure was criticized as some researchers considered the organizational 

effectiveness and business performance being determinants or antecedents of 

financial performance instead of performance indicators (Combs et al., 2005). To 

demonstrate justifiability of this criticism, we can take an example of production 

efficiency, which is the antecedent of performance, but not its appropriate indicator 

(Brito and Santos, 2012). This thesis, therefore, focuses mainly on financial 

performance. Moreover, improving company´s financial performance serves to 

satisfy stakeholders (Chakravarthy, 1986). Financial performance can be represented 

by profitability, market value, and growth (Cho & Pucik, 2005; Venkatraman & 

Ramanujam, 1986). These three indicators are tightly connected. Profitability 

measures the level of company´s ability to increase the value of investors inputs 

(Glick et al., 2005). Growth measures company´s ability to increase its own size 

(Whetten, 1987). As firm increases, its profits in absolute terms grow, even if the 

profitability remains unchanged. The bigger size can also lead to advantages of 

economies of scale and it can cause stronger position on the competitive market, 

which in turn could bring higher profitability in the future. These positive 

expectations about future profitability should then be reflected in the increase of 

a company´s market value, as the market value should be created from a mixture of 

historical profitability and growth levels together with expectations about future 

company´s performance, market changes, and other relevant events (Brito & Santos, 

2012). But how to measure financial performance?  

Griffin and Mahon (1997) conducted a study reviewing 51 studies which used some 

sort of performance measurement. Those 51 studies contained 80 different 
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performance measures. Fifty-seven out of 80 performance measures occurred only 

once. They divided all 80 measures into following six categories:  

•  Profitability measures – return on equity, return on sales, net income, return 

on investment, earnings per share, profit margin, sales per employee, etc.  

•  Growth – size (measured by assets, sales…), return on assets, return on 

equity, growth of 3-years or 5-years averages of those indicators…  

• Risk/market measures – excess market valuation (Tobin´s q…), abnormal 

returns, beta, alpha, share price change, price/earnings ratio…   

• Liquidity – acid test, change in cash flow, current ratio (current assets/current 

liabilities)…  

• Asset utilization – assets age, asset turnover (sales/total assets)…  

• Other – executive compensation, employee compensation, leverage, 

diversification… 

Authors Griffin & Mahon (1997) analyzed that five most often used performance 

indicators were return on assets, return on equity, size growth (via logarithm of 

assets), age of the assets, and 5-year average of return on sales.   

Combs et al. (2005) conducted a similar analysis, reviewing 238 empirical studies in 

the span of 24 years. They found 56 different performance measures and 82% of 

them measured company´s financial performance. Fifty-two percent of these financial 

performance measures were based on the accounting measures of profitability with 

the return on assets being the most common, followed by growth of sales, return on 

sales, and return on equity respectively. Richard et al. (2009) reached a similar 

conclusion for different time periods.  

There has been a discussion about the adequacy of using accounting performance 

measures in oppose to market measures. To illustrate the difference, Tobin´s Q is 

basically market-based approach influenced by market agents´ expectations about the 

company´s future performance, whereas, for example, return on assets and return on 

equity are accounting-based methods prepared by accountants according to 

accounting standards (Demsetz & Villalonga, 2001). Accounting measures are 

therefore more past-oriented as they use accounting data from past years, while not 

taking much into account the future, which does not seem to be in contradiction with 

the purposes of this thesis, though. Davidson and Worell (1990) criticized the usage 
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of accounting measures of financial performance for comparison across different 

industries. Our research, therefore, puts emphasis on possible dissimilarities of 

different industries.  

Another debate deals with the issue of using objective performance measures in 

oppose to subjective performance measures in researches, which compares 

companies of different sizes and/or from different industries. Objective measures use 

measurable numbers, for example from accounting records, whereas subjective 

measures use subjective evaluation of a company´s performance, usually evaluated 

by managers or owners of the company. Ketokivi & Schroeder (2004) stated that 

subjective measures are more suitable for studies with the inter-firm comparison as 

the recording practices might differ across companies. Moreover, subjective measures 

take into account also non-financial criteria (Richard et al., 2009). Because of the 

accessibility of the data, and considering the high level of positive correlation 

between objective and subjective measures was shown empirically by number of 

researches (Dawes, 1999; Dess & Robinson, 1984; Forker et al., 1996; Venkatraman 

& Ramanujam, 1987; Wall et al., 2004), this thesis adopts objective measures of 

company performance.  

Santos and Brito (2012) also highlighted the importance of reference against which 

the performance is being measured. They listed the industry average, the results of 

main competitors, an established target, and past performance as examples of such 

a reference. They consider the latter two not adequate for inter-company comparison 

of units from different industries and of different size. The first two examples, on the 

other hand, (i.e. industry average and the results of main competitors) are more 

suitable for such an analysis (Santos & Brito, 2012). This thesis, therefore, 

incorporates company´s percentile rank within the industry it operates as 

a performance measure reference.  

Next, we review empirical studies researching relationships between performance 

and other variables so we can then construct a proper econometric model for our 

estimation. In this section, we leave out the relationship between capital structure and 

company performance as this is discussed in more depth in Chapter 2.2.2.2.  

2.1.2 Empirical findings 

Several researchers found a significant relationship between different aspects of 

performance itself. Chang et al. (2014) reported a significant and positive relationship 

between firm size and firm profitability. What is more, Brendea (2014) found the 

deterministic influence of a company´s size on its profitability. Other researches like 
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Carlson & Bathala (1997), Makaryawati (2002), and Sudiyat et al. (2012) reported 

a positive and significant effect of profitability on company´s market value. Briton 

and Santos (2012) published a paper where they tried to establish a method of 

measuring company performance suitable for comparison across different countries 

and different researches. They explored multidimensionality of such a construct and 

concluded that “The strongest correlation was between growth and profitability, 

suggesting the existence of a second-order construct of financial performance.” 

(Briton & Santos, 2012)  

Other researchers examined the relationship between ownership concentration and 

company performance. The theory behind suggested, that companies with more 

concentrated ownership might have better performance, as the owners should have 

bigger incentives to run the company properly. The results of these researches were 

inconclusive, because some authors (Shleifer & Vishny, 1986; Stein, 1989; Pedersen 

& Thomsen, 2003) reported a positive relationship between concentration of 

ownership and performance, whereas some others (Anderson & Reeb, 2003; Stulz, 

1988) reported negative correlation. There are also papers which found no significant 

correlation between these two variables (Demsetz & Lehn, 1985; Demsetz & 

Villalonga, 2001; Brendea, 2014). The way and extent to which owners compensate 

their managers showed a close relationship with company performance. Murphy 

(1985) reported a positive influence of compensation on company performance. More 

specifically Kerr & Kren (1992) found a positive significant impact of cash 

compensation on return on assets and on stock returns. In addition, close link between 

corporate performance and stock compensation was found (Abowd & Kaplan, 1999).  

Company performance measured by return on assets was found to be positively 

influenced by investments in property, plant, and equipment (Li & Donglin, 2004; 

Uwalomwa & Uadiale, 2012). Chang et al (2014) showed the negative influence of 

tangible fixed assets to total assets ratio on company performance. The same authors 

also found taxation to have no effect on company performance. Uwalomwa & 

Uadiale (2012) showed liquidity, age, and capital intensity to have a significant 

influence on financial performance. 

2.2 Capital structure  

This chapter provides a review of the most influential theories regarding capital 

structure and also a summary of the empirical findings regarding a relationship 

between capital structure and other company financial indicators including company 

performance. 
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2.2.1 Theoretical background 

Managers in every company face an important decision about how to obtain finance 

necessary to run the business, “because the decision is founded not only on the need 

to maximize shareholder returns, but also on the need to ensure the firm’s capacity to 

cope with its competitive environment” (Tudose, 2012). There are several widely 

acknowledged theories, which try to explain the structure of financing sources used 

by companies to finance their investments (Myers, 1991). The very first important 

theory, which laid the basis for modern thinking about capital structure, was 

introduced by Modigliani and Miller (1958). They proposed that under rather 

unrealistic assumptions of the perfect frictionless market (i.e. no taxes, no 

asymmetric information, no distress costs, no transaction costs, etc.), the market 

value of a company is independent of the capital structure and consequently there is 

no systematic relationship between firm´s value and its leverage. Five years later 

same authors published a paper regarding the same topic, but this time, they relaxed 

the assumption of zero taxation. They claimed that there is the advantage of debt 

financing, due to the tax deductibility of interest payment costs. They called this tax 

advantage tax shield and computed the value of the company as a sum of the present 

value of the tax shield and the value of the unlevered company.  

Modigliani and Miller propositions were followed in the 1970s by papers of Kraus & 

Litzenberger (1973), Scott (1976), Myers (1977), and Kim (1978) and formed a 

group of trade-off theory (Tudose, 2012). Trade-off theory is based on the idea that 

external debt financing increases the bankruptcy cost, which in turn lowers 

company´s value, so managers need to trade-off between benefits from tax shield and 

disadvantages of higher bankruptcy costs (Kraus & Litzenberger, 1973), which 

means that a company will use the external debt financing up to the point when the 

tax benefit from an extra dollar in debt is exactly canceled out by the cost that comes 

from the increased probability of financial distress (Myers 2001). Therefore, the 

trade-off theory expresses the value of the company as the sum of the value of an 

unlevered company and present value of the tax shield minus the present value of 

bankruptcy costs (Myers 2001). This theory predicts a positive relationship between 

company performance and its leverage, because more profitable companies face 

lower financial distress risks and have bigger incentives for debt financing in order to 

exploit benefits from tax shields or to increase its performance (Tudose, 2012). The 

trade-off theory was followed by agency cost theory, which was introduced in the 

second half of 1980´s by Jensen & Meckling (1976). They built upon the trade-off 

theory by adding agency problem into consideration, with conflicting interests 

between debtholders and shareholders on one hand and between managers and 



Literature review  9 

shareholders on the other. In agency cost theory, external debt serves as a tool to 

discipline managers and control their expenditures by reducing free cash-flow 

available to them (Jensen, 1986). Stulz (1990) pointed out that reducing free cash-

flow forces managers to choose projects more carefully so it lowers costs of 

overinvestment and increases company´s value. Thus, increasing company´s financial 

leverage can lead to higher efficiency, which in turn leads to better company 

performance (Akintoye, 2008), which satisfies the shareholders’ interests, specifically 

when ownership and management are separated (El-Chaarani, 2015). In this theory, 

the optimal capital structure is reached by compromising among the effects of the tax 

shield, financial distress costs and agency costs (Tudose, 2012).   

Theories about capital structure discussed until now presumed the existence of some 

sort of optimal level of capital structure. On the contrary, following theories reviewed 

in the rest of this chapter do not presume that there exists any optimal capital 

structure, which companies should aim to. The first of these theories is called pecking 

order theory and was introduced in the first half of 1980´s by Myers & Majluf (1984). 

The authors assumed the existence of some sort of information asymmetries between 

a company and its investors. For example, managers’ information about the company 

value is superior to that of the market, so companies should choose sources of 

financing in such hierarchal order, which prioritizes sources of capital that reveal the 

least information to the market participants (El-Chaarani, 2015). Thus, according to 

pecking order theory, companies will first choose internal source of financing in the 

form of retained earnings, if those are not available, company will choose an external 

debt and issuing new equity should be used as a source of last resort (Myers & 

Majluf, 1984). The direct implication of this theory is that companies with better 

profitability need to use external debt and issuing new equity as a source of financing 

less often than companies with lower profitability. Thus, pecking order theory 

predicts a negative relationship between company performance and its leverage 

(Tudose, 2012). In 1990´s, Brealey and Myers (2006) developed a theory of four 

dimensions, in which they stated that there is no universal pattern for optimal capital 

structure. Instead, companies should consider four following dimensions while 

forming its capital structure: 

•  Taxes – company should use external debt as a source of financing only in 

case it can exploit the advantages of the tax shield  

•        Risk – the more risky and volatile performing companies should use less 

external debt as a source of financing 
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• Assets structure – company possessing higher proportion of intangible and 

illiquid assets should use less external debt as source of financing 

• Financial freedom – managers should always ensure to have enough finance 

for potential investments, because in long-run, investment decisions are important 

determinants of company value 

At the beginning of the new millennium, Baker and Wurgler (2002) presented 

market-timing theory. The authors claim that companies are more likely to issue new 

equity in times when they have an opportunity to sell its shares at higher prices. 

Thanks to the asymmetric information, managers are able to identify the fair price of 

their stocks more accurately in oppose to market participants. When they identify 

company stocks to be overpriced, they are more likely to issue new equity to obtain 

financing because the costs of equity would be relatively lower to external debt. In 

this case, managers would be increasing the value of the company at the expenses of 

higher costs paid by new shareholders and the benefits would be transferred to the old 

shareholders (Baker & Wurgler, 2002). 

To sum up predictions of reviewed theories on the relationship between company 

performance and its capital structure, first, Modigliani and Miller theorem suggested 

that company value is independent of its capital structure. Their second proposition 

form 1963 accounted for taxation and suggested an advantage of tax deductibility 

from external debt exploitable until the point, where a company´s profit is zero, 

which implies positive correlations between financial leverage and company 

performance. Trade-off theory predicts a positive relationship between company 

performance and its leverage, because more profitable companies face lower financial 

distress risks and have bigger incentives for debt financing in order to fully exploit 

benefits from the tax shield (Tudose, 2012). Agency cost theory predicts positive 

relationship as the external debt serves as the owners´ mechanism to control 

managers, which leads to higher efficiency and better performance (Akintoye, 2008). 

Pecking order theory predicts some sort of nonlinear relationship because best-

performing companies will use retained earnings as a source of financing, worse 

performing companies will use external debt, which increases financial leverage, and 

the worst performing companies will have to issue new equity to obtain financing 

which lowers the leverage. Neither the theory of four dimensions nor the market-

timing theory predicts any generally optimal relationship. Myers (2001) stated that 

“there is no universal theory of the debt-equity choice and no reason to expect one”, 

which directed most of the further researches towards empirical analysis (Tudose, 

2012). Next section reviews such empirical studies. 



Literature review  11 

2.2.2 Review of empirical findings 

In this chapter, we begin with a review of empirical studies regarding determinants of 

capital structure, which should again help us to build proper estimation model. 

Review of empirical studies of the relationship between capital structure and 

performance follows afterwards. 

2.2.2.1 Empirical studies regarding determinants of capital 

structure 

History of empirical studies of the determinants of the capital structure began with 

researching firm-specific factors, later on influences of industry and country (e.g. 

legal framework, investors protection, taxation, etc.) the company is operating in, 

were also taken into consideration (Tudose, 2012). Firm-specific factors are generally 

believed to be most influential on capital structure, but there is no general consensus 

about which concrete firm-specific factors have a significant impact on it 

(Ilyas, 2008). Dess & Robertson (2003) empirically confirmed a substantial effect of 

unobserved firms-specific factors on capital structure and company value by 

indicating significant fixed effects of individual companies. 

The proportion of fixed assets was shown to be significantly correlated with capital 

structure in several researches. Nevertheless, there is no agreement if the correlation 

is positive or negative. Pecking order theory and trade-off theory predict this 

correlation to be positive, which was supported by empirical studies of Chen (2002), 

Huang & Song (2006), Delcoure (2007), De Jong et al. (2008) or Jiraporn & Liu 

(2008). On the other hand, a negative correlation between a proportion of fixed assets 

and the capital structure was also empirically found by Bauer (2004), Mazur (2007), 

Dragotă et al. (2008) or Al-Najjar & Hussainey (2011). 

Another firm-specific factor which was found to be correlated with capital structure 

was liquidity. Pecking order theory predicts liquidity to be negatively correlated with 

capital structure and this was indeed shown also by several empirical studies by 

Deesomsak et al. (2004), Mazur (2007), and Janbaz (2010). Fama & French (2002), 

and Deesomsak et al. (2004) found the company size to be positively correlated with 

the capital structure, which is in alignment with the trade-off theory. 

What are the determinants of capital structure specifically in Czech companies? 

Prášilová (2012) examined what determines capital structure of companies in Czech 

environment. She put emphasis on the industry the companies are operating in so her 

research was conducted on 299 companies from six different industries. Examined 

variables were interest rate, retained earnings, the proportion of fixed assets, 
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company age, return on assets, size of the company, and the proportion of tangible 

assets. She found relevant results only in the industry of Information and 

communications where company size had a negative effect on total debt while 

retained earnings had a positive impact on total debt. Such results support the trade-

off theory. “But when is accepted a cross-sectional negative impact of return on 

assets on total debt, it highlights the validity of the pecking order theory. With 

consideration of all results and their relevance, there could be declared that both 

theories explain something of capital structure decisions. There could be stated the 

impossibility of searching any unified rule for financial decisions of companies.” 

(Prášilová, 2012) 

2.2.2.2 Empirical studies regarding the relationship between 

performance and capital structure 

Theoretical review of the literature showed that there is no unified theory about the 

relationship between capital structure and company´s performance. The same 

disagreement exists among empirical researchers. Here we provide a short summary 

of empirical studies regarding the relationship between capital structure and 

performance. 

Ghosh (2008) examined the relationship between leverage and profitability in 

manufacturing industry in the years 1995 – 2004. Ghosh used both accounting-based 

and market-based methods of performance measurement. The author concluded that 

profit on assets is negatively correlated with company leverage. Moreover, he found 

that this relationship is more influential in companies, which participate in 

international debt markets. 

Chang et al. (2014) examined relationship between capital structure and company 

performance in Vietnamese state-owned enterprises and used both market-based and 

accounting-based measures of performance. They found out that the short-term debt 

is negatively correlated with accounting-based performance measures, while long-

term debt is positively correlated with market-based performance measures. 

El-Chaarani (2015) examined the impact of capital structure on the performance of 

European public companies, taking into account different legal frameworks in 

different countries. The conclusion of this paper stated that in countries with high 

legal protection of investors, the debt serves as a disciplinary tool to prevent 

exploitation of free cash for management’s private benefit. Therefore, higher leverage 

in these countries is connected with better performance. On the other hand, in the 

countries with low level of investors´ legal protection, the debt is more likely to serve 

management´s own private interests (El-Chaarani, 2015). 
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And the list goes on. There is a number of researches, which found a positive 

relationship between leverage and profitability - Roden & Lewellen (1995), Ghosh et 

al. (2000), Sarkar & Zapatero (2003), Long & Maltiz (1985), and Wald (1999) to 

name just a few. 

Other papers found the relationship to be negative. Here belongs for example work of 

Kester (1986), Friend & Lang (1988), Titman & Wessels (1988), Rajan & Zingales 

(1995), Majumdar & Chhibber (1997), Fama & French (2002), Zeitun & Tian (2007), 

Rao et al. (2007), Salehi (2009), Onaolapo & Kajola (2010) or Rajesh (2012). 

Another study of Boodhoo (2009) offered the empirical evidence that the debt is 

negatively correlated with performance only below a certain level of indebtedness. 

Other studies have pointed out the differences of this relationship across different 

industry sectors (Margaritis & Psillaki, 2010; Chowdhury & Chowdhury, 2010; San 

& Heng, 2011). Last few paragraphs show a great inconsistency in opinions about the 

relationship between capital structure and company performance, which is one of the 

reasons to study it further. 
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3 Methodology  

The following section describes the methodology used to examine the relationship 

between company performance and its capital structure. First, we present the data 

used for this research, namely, their nature, origins, and overall characteristics. Next, 

we describe statistical methods used to estimate the examined relationship. 

3.1 Data  

The data used are derived from annual firm statements available in the Magnus 

database. Magnus is a database information system containing information about 

Czech and Slovak economic subjects. We used data only for Czech companies. To 

avoid substantial differences in examined industries, we used data only for companies 

operating within the manufacturing industry. First two digits from NACE code were 

used to identify the specific sector within the manufacturing industry, where the main 

activity of a given company falls in. NACE code is a six digit code which identifies 

the specific sector of industry where the company operates. The first digit of NACE 

code represents the broadest industry category and every following digit specifies the 

more specific sector within the superordinate category. The reason for using only first 

two digits is to have a sufficient number of observations within each category. If we 

used the whole NACE code there would be on average only approximately 30 

companies per NACE sector. Hereinafter, we will refer to this two-digit code as to 

NACE category. In order to cover approximately same time periods before and after 

the world financial crisis, we used time period from 2003 to 2014 as data for 2015 

were not available yet. Resulting dataset consists of more than 27 000 companies in 

the span of twelve years, which makes it more than 320 000 observations. However, 

our panel data were unbalanced. This was mainly because of the fact, that some 

companies were established after the year 2003 whereas some ceased to exist before 

2014. We assumed that the main reason for a company to cease to exist is its 

preceding bad performance. In order to prevent these bad-performing companies 

from dropping out from the dataset, we projected the last recorded financial 

information in the years after termination of the company. We gathered all the 

relevant information provided by the Magnus database. Unfortunately, some useful 

information like ownership structure or differentiation of long-term and short-term 

debt were not available in the Magnus. Thus, we were restricted by that during the 

estimation process. 
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All of the data are accounting-based as those were the only available in the Magnus 

database in contrast to market-based data. On the other hand, Barclay et al. (2006) 

proposed that accounting data are more suitable for such a research because they 

present assets in place, regardless of fluctuations on the market.  To measure the 

capital structure of a particular company, we generated a variable called lev as an 

abbreviation for leverage. Variable lev was computed as total debt divided by total 

liabilities. The same indebtedness measurement was used in similar researches 

conducted by e.g. de Miguel and Pindado (2001), Nivorozhkin (2005) or Rajan and 

Zingales (1995). One would expect variable lev to range from 0 for companies 

without any external debt to 1 for companies relying solely on external debt. 

Interestingly minimum of variable lev was -1 544 while it reached a maximum of 

102 422. The most probable explanation for this is the possibility of negative equity. 

Negative equity can arise when a company recognizes an outstanding cumulative loss 

in the retained earnings. If this loss is relatively small, the leverage takes values 

higher than 1 but as this loss increases to the extent that it is almost as high as 

company´s debt, the resulting leverage can be a very large number. Moreover, if this 

cumulative loss is slightly higher than external debt, the resulting leverage can be 

a large negative number. This discontinuity could cause problems in the estimation so 

the observations with negative leverage values were dropped out from the dataset, but 

it should be noted that these observations formed only a tiny fraction of the whole 

dataset – approximately 0.2%.  

Three variables were created to serve as dependent variable and to measure 

a company´s performance – roa (return on assets), roe (return on equity) and margin 

(profit margin). All of them are accounting-based performance measurement methods 

and they were used by many researchers (Griffin & Mahon, 1997). Moreover, 

Shane & Spicer (1983) proposed that market-based measures could be assessing more 

than just financial outcomes of the companies. All three measurements are normally 

distributed in our dataset. Corresponding density histograms are shown in Figure A1, 

Figure A2 and Figure A3 in Appendix. 

There are also several control variables used in the estimations. The control variables 

are commented in more depth in the Estimation approach section 3.2. Table 1 

summarizes all the important variables used during the process of estimation. 

Variables marked with number 4 in the note column were used also in percentile 

values. Percentiles were created by computing variable percentile position of the 

company in a given year within given NACE category. 
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Table 1 Variables overview 

Variable Variable name Units Observations Formula used Notes* 

Return on assets roa CZK 159480 Profit/Assets 1, 4 

Return on Equity roe CZK 163243 Profit/Equity 1, 4 

Profit margin margin % 143148 Profit/Revenues 1, 4 

Leverage lev % 163127 Debt/Liabilities 2, 4, 5 

Total assets assets CZK 157203  3, 4, 6 

Revenues revenues CZK 156208  3, 4, 6 

Company age age years 325275  3 

Asset structure assets_struc % 154608 Long-term assets/ 

short-term assets 

3, 4 

*Notes: 1-variable was used as dependent variable; 2-variable was used as independent 

variable of interest; 3-variable was used as control variable; 4-variable was used also in 

percentile form (with prefix q); 5- variable was used also in powered version (with affix of # 

of power degree); 6-variable was used also in logarithmic form (with prefix ln_) 

 

3.2 Estimation approach  

The main goal of this thesis is to find out whether there exists a relationship between 

capital structure and company performance in Czech manufacturing companies - 

Hypothesis #1. Hypothesis #2 claims that this relationship is non-linear and has 

a maximum corresponding to the leverage belonging to the interval (0; 1). In other 

words, that optimal indebtedness for a company to achieve the best possible 

performance is neither 0% nor 100% but rather something in-between. Hypothesis #3 

claims that the potential relationship changes over time. More specifically, we want 

to estimate, whether the world financial crisis has had any significant effect on the 

examined relationship.  

To estimate the relationship we used means of econometric regressions in statistical 

software Stata 13. The general form of estimated relationship is of the form: 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =  β0 + γ1 ∗ Indebtednessit +  γ2 ∗ Indebtednessit
2 +

γ3 ∗  Indebtednessit
3 +  𝛃 ∗ 𝐗it + 𝑢𝑖𝑡,   

where Xit is a vector of control variables and β is a vector of corresponding beta 

coefficients. 

A third-powered polynomial was used to test the hypothesis that the relationship 

between company performance and the level of indebtedness is non-linear. In other 

words, if none of the gammas are significant, there is no relationship and Hypothesis 

#1 is not correct. If only γ1 is significant then the estimated relationship is linear and 

the Hypothesis #1 is correct while the second one is not. In the case that at least one 

of the coefficients γ2 and γ3 would be estimated to be significantly different from zero 
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and the resulting polynomial would have a maximum inside (0; 1) interval, then both 

Hypothesis #1 and Hypothesis #2 would be correct. More specifically γ1 coefficient 

should be significantly larger than zero while at least one of the coefficients γ2 and γ3 

should be significantly lower than zero in order to have possibly some local 

maximum for positive values of leverage. To test Hypothesis #3, we divided our 

dataset into three time periods – 2003 to 2008 to examine the desired relationship in 

the period before the world financial crisis, 2008 to 2010 for the period affected by 

the crisis and 2010 to 2014 for the years after a financial crisis. Then we used Chow 

test for the estimated results from the period before and after crisis, to test for 

differences in the estimated relationship. 

The estimated model might suffer from omitted variable bias, as some variables 

“hidden” in the error term could be correlated with both performance measure and 

level of indebtedness. These could be variables which were not available in the 

Magnus database like for example, ownership structure, ownership concentration, 

business strategy, or non-debt tax shield of a company (De Miguel & Pindado, 2001), 

or variables which are generally hardly objectively observable, like the management 

quality. All mentioned unobserved factors are expected to be firm specific and not to 

vary much over time. Hausman test confirmed the suitability of fixed effects over 

random effects estimation for all models with p-value lower than 0.0000. Thus, to 

address the issue of omitted variable bias, we used the fixed effects method of 

estimation with robust standard errors. Fixed effect estimator separates the error term 

into two parts: uit = αi + εit. The first part which does not vary over time and thus is 

specific for a given firm and the second part which is random and varies over time. 

According to the research of Dess and Robertson (2003), firm specific fixed effects 

are significant and unobserved company-specific characteristics have a measurable 

influence on both capital structure and company value (Dess & Robertson, 2003). 

In order to maximize the accuracy of estimated results, there are several control 

variables included in the regression. One of the control variables is the age of 

a company. Variable age is included also in the squared form. The idea here is that 

more mature companies can have historical records of stable performance, history of 

disciplined debtor and more experience with the business. Therefore, more mature 

companies might have less difficulties with obtaining debt and they might be able to 

obtain it for relatively advantageous conditions and thus have stronger incentives to 

use higher leverage. More experience, broader supplier and consumer base of older 

companies could also help them to outperform younger companies. On the other 

hand, young companies might need external financing more than their mature 

counterparts and repay the initial debt as time passes by, thus company leverage can 



Methodology  18 

get lower as the company gets older. Independent variable age occurred also in the 

work of Tudose (2012) studying the same relationship. 

Another control variable is total assets. It serves as a measure of company size. The 

size of the company can have an effect on company´s bargaining power. This 

bargaining power can be applied to suppliers in order to receive lower prices for 

inputs and thus to improve company performance. Higher bargaining power could be 

also helpful while negotiating the terms of a bank loan. For example bigger 

companies might be able to receive a lower interest rate, which lowers weighted 

average cost of capital and consequently improves performance. In addition, lower 

interest rate would probably increase company management´s willingness to finance 

company´s operations via external debt and thus leverage should increase with 

company size. Myers (2003) stated that bigger companies become bigger mainly due 

to their good performance, thus they are also less probable to become bankrupt and 

therefore they obtain debt more easily. Such measurement of company size was also 

used as a control variable in the similar researches of Ghosh (2008), Tudose (2012) 

and Brendea (2014).  

Annual revenues serve as another way of measuring company size. The rationale 

behind is very similar to the total assets variable. In addition, revenues directly affect 

company performance in terms of return on assets or return on equity, probably not 

so much in terms of profit margin. If the company has a positive margin, then 

revenues should have a positive influence on company´s return on assets and return 

on equity. Opposite effect should be observed in companies with negative margin. 

With an average value of around 4% in our dataset, margin should have mostly a 

positive effect on the two mentioned company performance measurements. This kind 

of company size measurement appeared also in work of Brendea (2014). 

Characteristics of business in various NACE categories within manufacturing 

industry can be substantially different. One can imagine that ship production is in 

many ways different from ice-cream production. Namely, producing a ship probably 

requires much more long-term assets than producing ice-cream. Moreover, revenues 

in ship production are usually generated after a long time period of continuous 

expenses, therefore external financing might be more needed than in the ice-cream 

industry. Performance might be influenced too, as for example profit margin on 

a sold boat could be substantially different from profit margin on ice-cream. In order 

to take this into consideration, we included variable measuring structure of company 

assets as a proxy for different characteristics of different NACE categories. 

Specifically, it is a ratio of long-term assets to short-term assets. 
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Potential heteroscedasticity problem was addressed by using robust standard errors in 

our estimations. Another issue might be the integration of data of order 1 or higher or 

autocorrelation of residuals, but due to the fact that we use only the span of 6 years 

(2003 – 2008) for the period before the world financial crisis, 3 years for the period 

of financial crisis (2008 – 2010) and 5 years for the period after it (2010 – 2014), 

neither autocorrelation nor unit root process is of a serious concern. Finally, due to 

the large number of observations we can rely on asymptotically valid results. 

There is a suspicion of the presence of the great diversity among individual industry 

categories in terms of company size, revenues, competition, capital requirements, 

human capital requirements, assets structure, length of the cash to cash operation 

cycle, and so on. Margaritis & Psillaki (2010) or Chowdhury & Chowdhury (2010) 

supported this suspicion with their empirical results. In order to properly address this 

issue and still be able to provide generally valid and useful conclusion, we measure 

all dependent and some independent variables relatively within given NACE 

category. This was achieved by computing percentile values within given NACE 

category in a given year. To give an example, the percentile value for return on assets 

of company X operating in industry with NACE category YZ, was computed from 

the return on assets of only those companies operating in NACE category YZ and this 

was done for each year in the data set separately. To prevent any misunderstandings 

with interpretations of results, the percentile data values are computed as percentile 

from 0 to 1 000 to provide more finely divided values of percentile rank. From now 

on, we will refer to values ranging from 0 to 1000 as to percentile value and to scaled 

values from 0 to 100 as to percentile rank. Percentile approach ensures that our 

estimation takes into account the differences in the NACE categories, while it still 

provides useful results for every entrepreneur from every manufacturing NACE 

category.  
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4 Estimations  

This chapter provides results of conducted econometric estimations. The 

interpretation of the results is provided together with discussion about possible causes 

or implications. First, the relationship of interest is estimated using the data in level 

values while the subsequent Section 4.2 provides results when using percentile 

values. 

4.1 Estimation approach #1: cross-sector analysis 

In this section the relationship between company performance and its capital structure 

is estimated using level values of variables, not taking into account inter-sector 

specificities in manufacturing industry. The relationship is estimated with three 

different performance measurements – return on assets (ROA), return on equity 

(ROE), and profit margin (margin). 

4.1.1 Performance measured by return on assets 

Return on assets is the most widely used accounting-based measure of company 

performance (Griffin & Mahon, 1997; Combs et al., 2005). It does not distinguish 

between how the company performs from the point of view of shareholder or debt 

holders. It measures the performance of a company as a whole. 

The estimate was conducted with the usage of the fixed effects estimator with robust 

standard errors and the model equation is of from: 

roa = β0 + γ1*leverageit + γ2*leverageit
2 + γ3*leverageit

3 + β1*company_age + 

β2*company_age2 + β3*ln(total_assets) + β4*ln(total_assets)2 + β5*ln(total_revenues) + 

β6*ln(total_revenues)2 + β7*assets_structure + β8*assets_structure2 + αi + εit                       (1) 

The results are summarized in Table 2. The p-value indicates that all used 

explanatory variables are significant at 5% significance level with the only exception 

of assets structure, which is not significant in neither basic nor squared form even at 

10% significance level. Resulting R-squared of 0.0282 points out that variables 

included in this model explain less than 3% of the variation of dependent variable – 

return on assets. 
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Table 2 Estimation output: Level estimation using ROA and whole time period 2003-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant -1.511954 .276113 -5.48 0.000 
leverage .0106467 .0039639 2.69 0.007 
leverage2 -7.84e-06 2.98e-06 -2.63 0.008 
leverage3 1.39e-09 5.37e-10 2.59 0.010 
company_age -.0085167 .0009361 -9.10 0.000 
company_age2 .0001636 .000032 5.10 0.000 
ln(total_assets) .2141883 .0395542 5.42 0.000 
ln(total_assets)2 -.0073622 .0011773 -6.25 0.000 
ln(total_revenues) -.0626334 .0131792 -4.75 0.000 
ln(total_revenues)2 .0041229 .0004192 9.84 0.000 
assets_structure .0000324 .0000249 1.30 0.192 
assets_structure2 -5.40e-10 4.42e-10 -1.22 0.222 

# of observations 144609    

R2 0.0282    

 

Variables of interest – leverage, leverage2 and leverage3 are statistically significant 

at the 1% level, but they are not very economically significant. To illustrate that, let 

us have a company with the initial leverage equal to 0.5. If this company raises its 

leverage by 10 percentage points to 0.6, the return on assets raises only by 0.1064%. 

For initial leverage values of 0.1 and 0.9 and 10 percentage point increase, the ROA 

rises by 0.1065% and 0.1063% respectively. The estimated polynomial is on the 

whole indebtedness interval [0; 1] almost straight and very slowly increasing line 

with neither global nor local extreme within a reasonable leverage interval. 

According to this model the higher the leverage the higher the return on assets, but to 

increase ROA by approximately 1 percentage point the company would have to 

switch from 0% indebtedness to 100% indebtedness. 

Company age and its squared version are also both significant at 1% significance 

level. Estimated coefficients suggest that the resulting polynomial is a parabola with 

some global minimum. In other words, that there is a particular age in the lifecycle of 

the company which is connected with the worst performance. This minimum 

corresponds to the company age of 26 years. 

The first measurement of company size - logarithm of total assets and its squared 

form are both significant at 1% significance level. Resulting coefficients suggest that 

an increase in total assets has different effects on companies of different size because 

the function is increasing at first, but for higher total assets values it starts to 

decrease. The first derivative of this function is equal to 0 for assets of approximately 

800 000 CZK. This means that companies which have total assets lower than 
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800 000 CZK are better off when adding more assets, but considering the logarithmic 

form, this effect is getting smaller with higher asset values. Histogram revealed that 

the most frequent companies in this category are those with total assets around 

200 000 CZK so we use such a company as a representative one to illustrate the 

effect. Increase of assets by 20% is related to approximately 0.6% increase in their 

return on assets.  Analogically, companies which have initially total assets above the 

800 000 CZK threshold are worse off when adding more assets. The effect is not 

economically significant because when a company with 2 000 000 CZK worth of 

assets raises assets by 20% to 2 400 000, ROA decreases only by 0.0144%. 

Logarithm of total revenues represents a second measurement of company size. It is 

also significant in both basic and squared forms at 1% significance level. It is worth 

noticing that the signs of estimated coefficients are exactly opposite than in the case 

of the logarithm of total assets. In other words, according to this model, there is 

a certain level of revenues, which is connected with lowest ROA. To specify this 

level, we take the derivative of the estimated function and find where it is equal to 

zero. The function is decreasing until revenues are nearly 4 000 000 CZK, then the 

function starts increasing. This would mean that companies operating under 

4 000 000 CZK revenues are recognizing lower return on assets ratio when increasing 

revenues while larger companies with revenues over 4 000 000 CZK are improving 

their ROA with higher revenues. This could mean that smaller companies have 

mainly negative margin so their return is decreasing with higher revenues, thus return 

to assets is decreasing too. Computing average profit margin of companies with 

assets below 4 000 000 CZK and those with higher assets showed indeed that the 

former group has a lower average margin of  0.855% while latter´s group average 

margin equals to 4.93% but both are positive. Another reason why this relationship 

differs among smaller and bigger companies might be that smaller companies need to 

increase their assets disproportionally more in order to increase revenues than is the 

resulting increase in return caused by higher revenues. This leads to lower return on 

assets. Bigger companies are usually more recognized and they might have some 

advantages from economies of scale so they don’t need to increase their assets so 

much in order to achieve higher revenues, ergo to get a higher return so their return 

on assets rises with higher revenues. 

Neither basic nor squared form is significant in variable measuring assets structure.  

Next, we estimate the same model with return on equity as dependent variable and 

performance measure. 
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4.1.2 Performance measured by return on equity 

Return on equity is an important financial indicator, especially for shareholders 

because it measures percentage return on their investment. According to the paper of 

Griffin & Mahon (1997) and Combs et al. (2005), return on equity belongs to the top 

5 most frequently used company performance measurements in the literature. 

Once again, the fixed effect method with robust standard errors is used for the 

estimation and model equation is of following form: 

roe = β0 + γ1*leverageit + γ2*leverageit
2 + γ3*leverageit

3 + β1*company_age + 

β2*company_age2 + β3*ln(total_assets) + β4*ln(total_assets)2 + β5*ln(total_revenues) + 

β6*ln(total_revenues)2 + β7*assets_structure + β8*assets_structure2 + αi + εit                    (2) 

The results are summarized in Table 3. 

Table 3 Estimation output: Level estimation using ROE and whole time period 2003-2014 

Variable Coefficient Std. Err. t-stats P>t 

constant -4.243924 .9400185 -4.51 0.000 
leverage .2124853 .037744 5.63 0.000 
leverage2 -.0281693 .0126567 -2.23 0.026 
leverage3 .0013546 .001037 1.31 0.191 
company_age -.058861 .0043046 -13.67 0.000 
company_age2 .0015077 .0001442 10.45 0.000 
ln(total_assets) .7385284 .1288723 5.73 0.000 
ln(total_assets)2 -.023752 .0038571 -6.16 0.000 
ln(total_revenues) -.2339254 .0457765 -5.11 0.000 
ln(total_revenues)2 .0107234 .0015049 7.13 0.000 
assets_structure -.00001 .0000741 -0.14 0.892 
assets_structure2 6.58e-10 1.36e-09 0.48 0.628 

# of observations 144184    

R2 0.0095    

 

The p-value indicates that all used variables are significant at 5% significance level 

with the exception of cubic form of leverage and assets structure which is not 

significant at all in neither basic form nor squared form. R-squared is even smaller 

than in the case of measuring performance by ROA in Model (1). It is equal to 0.0095 

which means that independent variables in Model (2) explain only 0.95% of the 

variation in return on equity in comparison with Model (1) which explained 2.8% of 

the variation in return on assets. 

Leverage is significant at 1% significance level in basic form and at 3% in squared 

form. Cubed version turns out to be insignificant in this model. If we take into 

account only significant powers of polynomial we find that there is a global 
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maximum corresponding to leverage of approximately 3.8. Since only 4 146 

observations out of 324 086 have leverage higher than 3.8 and leverage higher than 1 

usually means that the company is in some sort of distress, we can firmly assume that 

the polynomial is strictly increasing and concave for all reasonable values of 

leverage. This is on one hand expectable as the higher the leverage, the less investors 

need to invest, thus the higher resulting return on their investment into equity. On the 

other hand, too high level of indebtedness might indicate that company is in some 

kind of distress and returns might be therefore lower or even negative. Nevertheless, 

according to this model it is generally in the best interest of all shareholders to 

finance a company with as much external debt as possible. To somehow quantify 

these findings let us assume a company with initial leverage of 65%, which is the 

most frequent value of leverage in our data set. In that case, one percentage point 

increase in leverage is connected with 0.1756% increase in return on equity. If the 

company raises leverage by 5 percentage points, the ROE rises by 0.8723%, and 10 

percentage points increase in leverage corresponds to 1.7305% rise of ROE. 

Company age is significant at 1% significance level in both powers. The signs are 

same as in the Model (1) but the values differ. The global minimum of polynomial 

for age is corresponding to approximately 20 years of existence. So the model 

suggests that from the perspective of shareholders, the worst performing companies 

are those around the age of 20. 

Size measure in the form of the logarithm of total company assets is significant at the 

1% level in both powers. Resulting polynomial has a global maximum in 

approximately 5 400 000 CZK. This means that companies which have total assets 

lower than 5 400 000 CZK are better off when adding more assets, but considering 

the logarithmic form, this effect is getting smaller with higher asset values. 

Both powers of the second measurement of company size using revenues are 

significant at 1% significance level. Estimated signs are exactly opposite to those in 

the size, measured by the logarithm of total assets. The resulting polynomial has 

global minimum and it corresponds to the revenues of approximately 60 000 CZK, 

but since only 0.6% of all observations have revenues smaller than 60 000 CZK, we 

can assume that estimated relationship between return on equity and revenues in this 

model is positive. In other words, shareholders receive a higher percentage return for 

their investment with higher company revenues. 

According to this model the proportion of long-term and short-term assets is not 

relevant for return on equity as variable assets_structure is insignificant, as well as in 

the Model (1). 
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Next, we estimate the relationship between capital structure and company 

performance using the model which incorporates company´s profit margin as 

a measure of performance. 

4.1.3 Performance measured by profit margin 

Last measurement of performance, which we used in this section, is profit margin. 

The profit margin is a key financial indicator which measures what proportion of total 

revenues is transformed into profit. 

The model is estimated by fixed effects method with robust standard errors and has 

the following form: 

profit_margin = β0 + γ1*leverageit + γ2*leverageit
2 + γ3*leverageit

3 + β1*company_age + 

β2*company_age2 + β3*ln(total_assets) + β4*ln(total_assets)2 + β5*ln(total_revenues) + 

β6*ln(total_revenues)2 + β7*assets_structure + β8*assets_structure2 + αi + εit                  (3) 

Estimated results are shown in the Table 4 below. 

Table 4 Estimation output: Level estimation using profit margin and period 2003-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant -.6266166 .1159461 -5.40 0.000 
leverage -.1501141 .00418 -35.91 0.000 
leverage2 .0194625 .0009686 20.09 0.000 
leverage3 -.0006705 .0000481 -13.94 0.000 
company_age -.0054778 .0004937 -11.09 0.000 
company_age2 .00008 .0000178 4.48 0.000 
ln(total_assets) .0711158 .0163041 4.36 0.000 
ln(total_assets)2 -.0024832 .0004983 -4.98 0.000 
ln(total_revenues) -.0133538 .0149863 -0.89 0.373 
ln(total_revenues)2 .0018373 .0004544 4.04 0.000 
assets_structure .0000175 .0000191 0.92 0.358 
assets_structure2 -2.10e-10 3.41e-10 -0.62 0.538 
# of observations 141531 
R2 0.0746 

 

The model shows the significance of almost all variables at 5% significance level. 

The exceptions are the logarithm of total revenues, assets structure, and assets 

structure squared, which are not significant even at 10%. R-squared in this model is 

0.0746, thus independent variables explain approximately 7.5% of variation in profit 

margin. It is the highest R-squared in the three introduced models using ordinary non-

percentile approach. 
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Variables measuring company´s leverage are all very significant with absolute value 

of t-statistics higher than 35. The basic form of leverage has an absolute value of t-

statistics even higher than 70. Resulting polynomial is decreasing until the leverage is 

equal to 5.3. There is a local minimum in leverage value of 5.3, but since less than 

2% of all observations have leverage higher than 5.3 we can assume that the 

estimated relationship is in general negative for most ordinary companies. For 

leverage ranging from 0 to 1 the relationship is almost linear with an approximate 

slope of -0.08. In other words, one percentage point increase of indebtedness is 

related to 0.08% decrease of profit margin. This could mean that it is cheaper to 

obtain financing from shareholders than from debtholders so using external debt 

increases costs and thus decreases profit margin.  

Company age is significant at 1% significance level in both powers. Estimated 

coefficients suggest that estimated polynomial has some global minimum, which 

means that there is an age of a company related to lowest profit margin. This global 

minimum corresponds to the company age of 34.2 years and ceteris paribus 

difference in profit margin between brand new company and 34.2 years old company 

is on average 9.4%. 

Logarithm of assets is significant in both powers at 1% significance level. Resulting 

polynomial has a global maximum corresponding to approximate assets value of e143.  

Since no company in our data reaches such as assets value we can say that the 

estimated relationship is concave and positive. This means that the more assets 

company possesses the higher profit margin it has. It might be again connected with 

economies of scale or cheaper debt financing available to bigger companies. 

Variable measuring total revenues is significant only in squared form at 1% 

significance level. The basic form is not significant even at 10%. Estimated signs are 

once again exactly opposite than in the case of company assets. The resulting 

relationship is represented by an ever-decreasing function, thus increasing revenues is 

related to the decrease in profit margin. This can be explained in a way that lower 

margin of some companies´ might be caused by lower output prices. These 

companies are appealing to more consumers and thus have bigger market shares and 

consequently also higher revenues. 

Structure of company assets does not seem to have a significant effect on its profit 

margin as none of included forms of assets structure is significant even at 10% 

significance level. 
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4.1.4 Summary of level-based estimations 

Three models with different performance measurements were presented so far. All of 

them supported the Hypothesis #1 that there is some relationship between capital 

structure and company performance. The exact effect of leverage on company 

performance differs with the used performance measurement. When incorporating 

return on assets as a performance indicator, the leverage has negligible, almost linear 

positive effect on performance. When using return on equity as a performance 

indicator, the leverage has a positive effect on return on equity. This makes sense as 

the shareholders use leverage to boost the profitability of their own investments. This 

effect is mitigated by the companies, where excessive leverage indicated some kind 

of distress. Still the effect of leverage on return on equity is higher than its effect on 

return on assets. Last model which uses profit margin to measure company 

performance is the only one which estimated the relationship between indebtedness 

and performance to be negative. The explanation for this might be that in Czech 

environment, it is cheaper to obtain financing from investors than from banks.  

Presented results are significant, but the aggregation across the whole manufacturing 

sector might be too generalizing. In order to examine whether there is some general 

rule which would be applicable to all manufacturing sectors, but which would take 

into consideration heterogeneity of different sectors, we conducted estimations based 

on percentile measurements. Next chapter is dedicated to this approach in further 

details. 

4.2 Estimation approach #2: allowing for inter-sector 
differences  

In this chapter, we present, interpret and discuss the second estimation approach we 

used in order to come up with some conclusions, which might be used by 

entrepreneurs from manufacturing industry in practice. While previous results might 

be useful as some kind of general influence of external financing on company 

performance, they do not have much of a practical utilization for various industry 

sectors. To step over this shortcoming, we generated variables measuring the 

percentile position of a certain company in certain NACE category in a given year. 

These variables are indicated by prefix q in their name. Moreover, this approach is 

more robust against outliers and against the cyclical development of some NACE 

categories.  

We again use three different performance measurements – return on assets, return on 

equity and profit margin. Moreover, we would like to know if the recent world 
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financial crisis has had any impact on the relationship between performance and 

capital structure. In order to do so, we estimated the relationship for 4 different time 

periods. One estimation is conducted on the whole available time period from 2003 to 

2014. The other three time periods are years before, during and after the financial 

crisis. 

4.2.1 Performance measured by return on assets 

Return on assets does not distinguish between how the company performs from the 

point of view of shareholder or debt holders. It measures the performance of 

a company as a whole. It is most common performance measurement used in 

literature (Griffin & Mahon, 1997; Combs et al., 2005) 

4.2.1.1 Estimation using the whole available data period 2003 - 

2014 

First, we use the whole available time period 2003 – 2014. All estimations are 

conducted with the usage of the fixed effects estimator with robust standard errors. 

The model equation of this model is of from: 

qroa = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit                    (4) 

 

The results are summarized in Table 5. 

Table 5 Estimation output: Percentile model using ROA and years 2003-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant 393.5597 9.16379 42.95 0.000 
qleverage .3871547 .0428267 9.04 0.000 
qleverage2 -.0006653 .0000983 -6.77 0.000 
qleverage3 -1.00e-07 6.67e-08 -1.50 0.133 
company_age -9.440342 .8154985 -11.58 0.000 
company_age2 .1820334 .030117 6.04 0.000 
qtotal_assets .3815918 .0360711 10.58 0.000 
qtotal_assets2 -.0006401 .0000336 -19.05 0.000 
qtotal_revenues .5110303 .0293879 17.39 0.000 
qtotal_revenues2 .0001 .0000295 3.38 0.001 
qassets_structure -.0139599 .0163526 -0.85 0.393 
qassets_structure2 -.0001153 .0000156 -7.38 0.000 
# of observations 141818 
R2 0.1902 
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Estimated p-values suggest that every included variable is significant at 5% 

significance level with the exception of the basic form of assets structure and cubed 

form of leverage which are not significant even at 10% significance level. R-squared 

is equal to 0.1902 which means that independent variables included in the model 

explain approximately 19% of variations in dependent variable qroa. That is almost 

seven times higher R-squared compared to the Model (1) which used the same time 

period, explanatory variables and performance measurement. Such a difference in 

R-squared indicates that using percentile forms of variables might be indeed more 

suitable approach. 

The variable of interest – qleverage is significant at 1% significance level in first and 

second power while cubic form is not significant. The quantile was created in the 

range from 0 to 1 000, meaning that company with the lowest leverage was assigned 

the value 0 and company with the highest leverage was assigned the value 1 000. 

When only significant powers are taken into account, resulting polynomial has 

a unique maximum on the interval from 0 to 1 000. This maximum corresponds to the 

leverage percentile value of 291. This implies that companies which have leverage 

percentile rank of 29.1 within its own NACE category are performing best in terms of 

return on assets. In other words, if a manufacturer wants to know, what an optimal 

level of indebtedness within the NACE category of his or her company is, he should 

compute what level of indebtedness in this category corresponds to the percentile 

29.1. For example, in NACE category of furniture production the optimal leverage is 

approximately 45.7% in the year 2010 according to this model.  

Variable measuring the age of the company is significant in both basic and squared 

forms at 1% significance level. Estimated polynomial is decreasing from 0 to 25.93 

years and then increasing ever after. This suggests that the age of a company 

connected with the lowest performance measured by return on assets is 

approximately 26 years. 

Both powers of total assets – qtotal_assets are significant at 1% significance level. 

The resulting polynomial has a global minimum at 298.07, suggesting that there is an 

assets percentile rank of 29.81 which is on average held by the best-performing 

companies within given NACE category. 

Revenues are significant in both powers at 1% significance level. Both first and 

second power have a positive sign, which suggests that the higher percentile position 

of revenues within the given NACE category the higher return on assets. 
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Assets structure in first power is not significant even at 10% significance level but its 

squared version is significant at the 1% level. If we take into consideration only the 

significant squared version, the estimated coefficient is negative, which suggests that 

the higher proportion of fixed assets is connected with a lower return on assets. 

Next, we estimated the same model with same dependent and explanatory variables, 

but using the data from years before, after and during world financial crisis separately 

to see, if the crisis has had any effect on the optimal capital structure. 

4.2.1.2 Estimation using the time period before the financial 

crisis 

 

This model is represented by the same equation, but it is restricted to the 

years < 2009: 

qroa = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit  t ∈ 

[2003; 2009]                       (4.1) 

 

The results for years preceding financial crisis are shown in Table 6 below. 

Table 6 Estimation output: Percentile model using ROA and years 2003-2008 

Variable Coefficient Std. Err. t-stats P>t 
constant 423.1658 14.64655 28.89 0.000 
qleverage .2393497 .0632677 3.78 0.000 
qleverage2 -.0004468 .0001456 -3.07 0.002 
qleverage3 -2.96e-07 9.95e-08 -2.98 0.003 
company_age -16.26479 1.899886 -8.56 0.000 
company_age2 .2277817 .0803869 2.83 0.005 
qtotal_assets .5604843 .0559829 10.01 0.000 
qtotal_assets2 -.0007131 .0000522 -13.67 0.000 
qtotal_revenues .5696512 .0448383 12.70 0.000 
qtotal_revenues2 -3.87e-06 .000045 -0.09 0.931 
qassets_structure .004511 .0260107 0.17 0.862 
qassets_structure2 -.0001326 .0000241 -5.50 0.000 
# of observations 61958 
R2 0.1971 

 

Resulting p-values suggest that all explanatory variables are significant at 1% 

significance level with the exception of a squared version of total revenues and basic 
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version of assets structure. Those are not significant even at the 10% level. R-squared 

in this model is 0.1971 which is very similar to the R-squared in the previous Model 

(4).   

Leverage is significant in all three powers at 1% significance level. When we 

compute the first derivative of resulting polynomial and set it equal to zero to find all 

local extremes, we find out that there is the only local maximum corresponding to the 

percentile leverage value of 219.828. This means that before the world financial 

crisis, the optimal indebtedness percentile rank within given NACE category was 

approximately 22. To quantify this we use again furniture production NACE 

category. There are two observations in the dataset from furniture production having 

the percentile leverage value equal to 220 years before the world financial crisis. The 

corresponding indebtedness is equal to 51.3% in the year 2003 and 46.5% in the year 

2005. This is higher optimal indebtedness compared to 45.7% in the representative 

year 2010 estimated in the Model (4). On the other hand Model (4) estimated optimal 

leverage percentile to be 29.1 which is higher than 22 estimated in this Model (4.1). 

The difference between these two estimates might indicate that the optimal 

indebtedness and/or average indebtedness in different NACE categories varies over 

time. 

This estimate serves only to compare the optimal indebtedness in different time 

periods so we leave the interpretations of the remaining variables for interested 

readers themselves. Next, we estimated the same model for the period after world 

financial crisis.  

4.2.1.3 Estimation using the time period after the financial crisis 

 

The model equation remains the same but it is restricted to the years > 2009: 

 qroa = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αit + εit  t ∈ 

[2010; 2014]                        (4.2) 

 

The results are shown in Table 7 below.  
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Table 7 Estimation output: Percentile model using ROA and years 2010-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant 252.5728 21.74288 11.62 0.000 
qleverage .3414401 .0709575 4.81 0.000 
qleverage2 -.0007648 .0001663 -4.60 0.000 
qleverage3 -5.90e-08 1.15e-07 -0.51 0.609 
company_age -4.287331 1.666486 -2.57 0.010 
company_age2 .2666686 .057135 4.67 0.000 
qtotal_assets .3972348 .0706312 5.62 0.000 
qtotal_assets2 -.0004778 .0000644 -7.42 0.000 
qtotal_revenues .6448959 .0542133 11.90 0.000 
qtotal_revenues2 .000093 .0000522 1.78 0.075 
qassets_structure -.0676378 .0275854 -2.45 0.014 
qassets_structure2 -.0000939 .0000261 -3.60 0.000 
# of observations 65526 
R2 0.1420 

 

P-values indicate the significance of all variables at 5% significance level with the 

exception of the cubic form of leverage, which is not significant even at the 10% 

level and squared form of revenues, which are significant at the 7.5% level. Note that 

according to this model using data from years after the crisis, the assets structure is 

significant in both powers in oppose to Model (4) and Model (4.1). The resulting 

R-squared is 0.142 which is smaller than in previous two models.  

Leverage is significant in first and second power at 1% significance level. When 

comparing the estimated coefficients of leverage variables we can see that estimated 

signs are same as in the model 4.1 but the coefficients themselves differ. Moreover, 

the cubic form of this model is not significant even at the 10% level. But when we 

examine the resulting polynomial taking into account only the significant forms of 

leverage - first and second power, we can say that there is a unique local maximum 

corresponding to the leverage percentile value within given NACE of 223.2, which is 

very similar to the results obtained for the time period before the financial crisis. This 

means that after the world financial crisis the optimal indebtedness percentile rank 

within given NACE category was approximately 22.3. To put it into the context of 

the optimal percentage indebtedness of a company in years after financial crisis we 

use once again furniture production. The percentile rank 22.3 corresponds to the level 

of indebtedness of 37.5% in year 2013. Note that the percentile rank is approximately 

the same in the period before and after the financial crisis, but the corresponding level 

of indebtedness is significantly lower after the crisis. This means that the overall 

average indebtedness is lower in the period after the financial crisis. These findings 

are true not only for furniture production because the average indebtedness of whole 
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manufacturing industry before the years 2009 is 54% of total liabilities while after the 

crisis it is 46%. 

Once again, this estimate serves only to compare the optimal indebtedness in 

different time periods so we leave the interpretations of the remaining variables for 

interested readers themselves. Next, we estimated what happened to the optimal 

capital structure during the financial crisis.  

4.2.1.4 Estimation using the time period during the financial 

crisis 

The model equation again remains the same, but it is restricted to the time period 

from 2008 to 2010: 

 qroa = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit    

t ∈ [2008; 2010]                                                         (4.3) 

 

The results are shown in Table 8 below.  

Table 8 Estimation output: Percentile model using ROA and years 2008-2010 

Variable Coefficient Std. Err. t-stats P>t 
constant 360.939 23.70664 15.23 0.000 
qleverage .3125087 .099569 3.14 0.002 
qleverage2 -.0006121 .0002288 -2.67 0.007 
qleverage3 -3.52e-07 1.57e-07 -2.24 0.025 
company_age -31.58696 3.267584 -9.67 0.000 
company_age2 .7089687 .122374 5.79 0.000 
qtotal_assets 1.039237 .0898663 11.56 0.000 
qtotal_assets2 -.0009881 .0000826 -11.96 0.000 
qtotal_revenues .454033 .0666946 6.81 0.000 
qtotal_revenues2 .0002486 .0000642 3.87 0.000 
qassets_structure .043163 .0379584 1.14 0.256 
qassets_structure2 -.0001746 .0000366 -4.77 0.000 
# of observations 42467 
R2 0.1700 

 

Estimated p-values of all explanatory variables are lower than 0.05 except for the first 

power of assets structure which p- value is estimated to be 0.256. This means that all 

of them except for assets structure are significant at the 5% level while assets 

structure is not significant even at the 10% level. R-squared of this model is equal to 

0.17 so 17% of the variation in return on assets during the world financial crisis could 
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be explained by included explanatory variables. It is lower R-squared than in Model 4 

and Model 4.1 but higher than in Model 4.2. 

Leverage is significant in first and second power at 1% level and at the 3% level in 

cubed form. The resulting polynomial has the only local maximum within the [0; 1] 

interval corresponding to the leverage percentile value of 215.29. The optimal 

leverage percentile rank during the crisis was therefore estimated to be 21.5. This is 

the lowest percentile rank estimated in models with return on assets as a performance 

measurement. This means that during the crisis, companies with lower indebtedness 

were performing better in term of return on assets. This makes sense, since financial 

institutions were in distress during the crisis, so the companies that were less relying 

on them (those with lower indebtedness), might have been affected by the crisis less 

severely, than companies which were more dependent on financial institutions. To 

figure out what percentage indebtedness corresponds to such percentile rank during 

the crisis, we use the furniture production NACE category in the year 2009. 

Corresponding indebtedness is equal to 37.9%. It is very similar to the optimal 

indebtedness estimated in years after the financial crisis.  

4.2.1.5 Brief summary of results 

All the results of the relationship between indebtedness and performance, measured 

by return on assets, are summarized in Table 9. 

Table 9 Summary of results of percentile model using ROA as a performance measure 

  
Whole time 

period 
Before crisis After crisis During crisis 

Estimated 
coefficients 

qleverage .3871547*** .2393497*** .3414401*** .3125087*** 
qleverage2 -.0006653*** -.0004468*** -.0007648*** -.0006121*** 
qleverage3 -1.00e-07 -2.96e-07*** -5.90e-08 -3.52e-07** 

Polynomial maximum 291 220 223 215 
Corresponding 
indebtedness 

45.7% in year 
2010 

46.5% in year 
2005 

37.5% in year 
2013 

37.9% in year 
2009 

R-squared 19% 19.7% 14.2% 17% 

 

The estimated results suggest that the performance measured by return on assets is 

indeed related to the level of indebtedness and that this relationship is non-linear. 

Hypothesis #1 and Hypothesis #2 are therefore not rejected in this case. Hypotheses 

#3 claimed that the world financial crisis has had an effect on the optimal level of the 

optimal capital structure of manufacturing companies in the Czech Republic. This 

hypothesis is also not rejected since the optimal indebtedness before the world 

financial crisis was fluctuating around 50%, while during and after the financial crisis 
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the optimal indebtedness is estimated to be less than 40%. We used ordinary Chow 

test to support this claim formally. The interaction term of dummy variable 

distinguishing observations before and after the crisis and of the basic form of 

leverage was estimated to be significant at 5% significance level, so the relationship 

between performance and capital structure is indeed different in the years before the 

crisis and after the crisis for models using return on assets as performance 

measurement. The Table A1 with the output from Chow test is provided in the 

Appendix. 

Next, we will try to support these results also for the performance measured by return 

on equity and profit margin. Let us first proceed with the return on equity measure. 

4.2.2 Performance measured by return on equity 

 

In this section, we once again used the percentile values approach to estimate the 

relationship between company performance and capital structure in different time 

periods relative to the financial crisis. This time, we incorporated return on equity as 

a performance measurement. All models in this chapter are estimated by fixed effect 

estimation with robust standard errors. 

4.2.2.1 Estimation using the whole available time period 

First, we use the whole available time period 2003 – 2014. The model equation is of 

from: 

qroe = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit                    (5) 

 

The results are summarized in Table 10. Estimated p-values suggest that all included 

variables are significant at 5% significance level except for squared form of total 

assets and basic form of assets structure, which are not significant. R-squared is equal 

to 0.1144 which means that independent variables included in the model explain 

approximately 11.4% of variations in dependent variable qroe. This is lower R-

squared than in the comparable Model (4) which used ROA instead of ROE as the 

dependent variable.  
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Table 10 Estimation output: Percentile model using ROE and years 2003-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant 227.9834 7.781188 29.30 0.000 
qleverage .5849869 .0411324 14.22 0.000 
qleverage2 -.0008967 .0001114 -8.05 0.000 
qleverage3 4.27e-07 8.66e-08 4.93 0.000 
company_age -19.88286 .8829016 -22.52 0.000 
company_age2 .5636499 .0321828 17.51 0.000 
qtotal_assets .5880018 .0380097 15.47 0.000 
qtotal_assets2 -.0007611 .0000367 -20.74 0.000 
qtotal_revenues .5779974 .030359 19.04 0.000 
qtotal_revenues2 -1.90e-06 .0000318 -0.06 0.953 
qassets_structure .0002 .0177177 0.01 0.991 
qassets_structure2 -.0001234 .000017 -7.25 0.000 
# of observations 136518 
R2 0.1141 

 

The variable of interest – qleverage is significant at 1% significance level in all three 

powers. The resulting polynomial has a maximum on the interval from 0 to 1 000 

corresponding to the leverage percentile value of 517.4. This implies that companies 

which have leverage percentile rank of 51.7 within its own NACE category are 

performing best in terms of return on equity. It is much higher optimal percentile rank 

compared to the optimal percentile rank of 29.1 in Model (4). This is expectable since 

the higher leverage the less money investors need to invest and thus the higher 

resulting return on equity. The corresponding level of indebtedness in furniture 

NACE category in the year 2010 was 75%. 

Variable measuring the age of the company is significant in both basic and squared 

forms at 1% significance level. Estimated polynomial is decreasing from 0 to 17.64 

and then increasing ever after. This suggests that the age of a company connected 

with the lowest performance measured by return on equity is approximately 18 years. 

Both powers of variable measuring company size by total assets – qtotal_assets are 

significant at 1% significance level. The resulting polynomial has a global maximum 

at 386.3, suggesting that there is an assets percentile rank of 38.6 which is on average 

occupied by the best-performing companies within given NACE category in term of 

return on equity. 

Revenues are significant in first power at 1% significance level but the squared form 

is not significant. Estimated relationship is therefore linear with slope 0.578. This 

means that the higher revenues the higher return on equity. The same conclusion was 

drawn from the Model (4). 
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Assets structure in first power is not significant even at the 10% significance level 

while its squared version is significant at the 1% level. If we take into consideration 

only the significant squared version, the estimated coefficient is negative, which 

suggests that the higher proportion of fixed assets is connected with a lower return on 

equity, which is again the same relationship as estimated in Model (4).  

Next, we present the same model with same dependent and explanatory variables, but 

using the data from years before, after and during world financial crisis separately to 

see, if the crisis has had any effect on the optimal capital structure. 

4.2.2.2 Estimation using a time period before the financial crisis 

 

This model is represented by the same equation, but it is restricted to the 

years < 2009: 

qroe = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit 

t ∈ [2003; 2008]                      (5.1) 

 

The results for years preceding financial crisis are shown in Table 11 below. 

Table 11 Estimation output: Percentile model using ROE and years 2003-2008 

Variable Coefficient Std. Err. t-stats P>t 
constant 250.4897 13.74468 18.22 0.000 
qleverage .5690464 .0632452 9.00 0.000 
qleverage2 -.0008188 .0001704 -4.81 0.000 
qleverage3 2.71e-07 1.33e-07 2.04 0.041 
company_age -33.62919 2.138396 -15.73 0.000 
company_age2 .8853293 .0897683 9.86 0.000 
qtotal_assets .8779214 .0624367 14.06 0.000 
qtotal_assets2 -.0008802 .0000596 -14.76 0.000 
qtotal_revenues .5679212 .0499216 11.38 0.000 
qtotal_revenues2 -.0000649 .0000523 -1.24 0.215 
qassets_structure -.0584418 .029272 -2.00 0.046 
qassets_structure2 -.000066 .0000274 -2.41 0.016 
# of observations 60511 
R2 0.0926 

 

Resulting p-values suggest that all explanatory variables are significant at 5% 

significance level with the exception of a squared version of revenues which is not 
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significant even at the 10% level. R-squared in this model is 0.0926 which is a little 

bit lower than the R-squared of 0.1141 in the previous Model (5).  

Leverage is significant in first and second power at 1% significance level and it is 

significant at the 5% level in the third power. When we compute the first derivative 

of resulting polynomial and set it equal to zero to find local extremes within the 

[0; 1 000] interval, we find out that there is a local maximum corresponding to the 

percentile leverage value of 446.5. This means that before the world financial crisis 

the optimal indebtedness percentile rank within given NACE category was 

approximately 44.7. This percentile rank in NACE category of furniture production 

corresponds to the level of indebtedness 71% in the year 2005. 

 This is lower optimal indebtedness compared to 75% in the representative year 2010 

estimated in the Model (5). On the other hand Model (5) estimated optimal leverage 

percentile to be 51.7, which is higher than the 44.7 estimated in this Model (5.1). The 

difference between these two estimates indicates that the optimal indebtedness and/or 

average indebtedness in different NACE categories might vary over time also for the 

performance measured by ROE. 

This estimate serves only to compare the optimal indebtedness in different time 

periods so we do not interpret the remaining explanatory variables here. Next, we 

present estimation of the same model for the period after the world financial crisis.  

4.2.2.3 Estimation using the time period after the financial crisis 

 

The model equation remains the same, but it is restricted to the years > 2009: 

 qroe = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit 

t ∈  [2010; 2014]                      (5.2) 

 

The results are shown in Table 12 below. The p-values indicate the significance of all 

variables at 5% significance level with the exception of the squared form of revenues 

and basic form of assets structure, which are not significant even at the 10% level. 

The resulting R-squared is 0.0369 which is so far the smallest R-squared in models 

using percentile based approach.  
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Table 12 Estimation output: Percentile model using ROE and years 2010-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant -60.01204 20.52265 -2.92 0.003 
qleverage .6527999 .0708729 9.21 0.000 
qleverage2 -.0014799 .0001957 -7.56 0.000 
qleverage3 8.41e-07 1.56e-07 5.39 0.000 
company_age -7.532249 1.873344 -4.02 0.000 
company_age2 .5423677 .0626524 8.66 0.000 
qtotal_assets .7783606 .0728972 10.68 0.000 
qtotal_assets2 -.0006548 .000069 -9.49 0.000 
qtotal_revenues .6756797 .0527224 12.82 0.000 
qtotal_revenues2 .0000392 .0000554 0.71 0.479 
qassets_structure -.0079527 .029861 -0.27 0.790 
qassets_structure2 -.0001366 .000029 -4.71 0.000 
# of observations 62203 
R2 0.0369 

 

Leverage is significant in all three powers at 1% significance level. When comparing 

the estimated coefficients of leverage variables we can see that estimated signs are 

same as in the Model (5.1) but the coefficients themselves differ. When we examine 

the resulting polynomial, we can say that there is a unique maximum on [0; 1 000] 

interval corresponding to the leverage percentile value of 294.47, which is 

significantly lower than the results obtained for the time period before the financial 

crisis. This means that after the world financial crisis the optimal indebtedness 

percentile within given NACE category was approximately 29.45. To put it into the 

context of optimal percentage indebtedness of a manufacturing company in years 

after the financial crisis, we use once again furniture production industry sector. The 

percentile rank 29.5 corresponds to the level of indebtedness of 45.6% in year the 

2012. It is worth noticing that in the period after the crisis, both percentile rank and 

the corresponding level of indebtedness are significantly lower than before it. These 

findings support the results from models using ROA as performance measurement. 

Optimal indebtedness is once again significantly lower after the crisis than before the 

crisis. 

Once again, this estimate serves only to compare the optimal indebtedness in 

different time periods so we leave the interpretations of the remaining variables for 

interested readers themselves. Next, we present what happened to the optimal capital 

structure during the financial crisis.  
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4.2.2.4 Estimation using a time period during the financial crisis 

The model equation again remains the same, but it is restricted to the time period 

from 2008 to 2010: 

 qroe = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit 

t ∈ [2008; 2010]                      (5.3) 

 

The results are shown in Table 13 below.  

Table 13 Estimation output: Percentile model using ROE and years 2008-2010 

Variable Coefficient Std. Err. t-stats P>t 
constant 185.9746 22.68441 8.20 0.000 
qleverage .9247357 .0972634 9.51 0.000 
qleverage2 -.0022956 .0002699 -8.51 0.000 
qleverage3 1.36e-06 2.15e-07 6.31 0.000 
company_age -48.28201 3.71485 -13.00 0.000 
company_age2 1.236608 .1366783 9.05 0.000 
qtotal_assets 1.167697 .0939908 12.42 0.000 
qtotal_assets2 -.0009498 .0000905 -10.50 0.000 
qtotal_revenues .6210605 .0676102 9.19 0.000 
qtotal_revenues2 .0000253 .0000696 0.36 0.716 
qassets_structure .0281335 .0430597 0.65 0.514 
qassets_structure2 -.0001594 .0000423 -3.77 0.000 
# of observations 40873 
R2 0.0585 

 

All explanatory variables are significant at 5% significance level except for the first 

power of assets structure and squared version of revenues which are not significant 

even at 10%. R-squared of this model is equal to 0.0585 so less than 6% of the 

variation in return on equity during the world financial crisis could be explained by 

included explanatory variables. It is a little bit higher R-squared than in the Model 

(5.2). 

Leverage is significant in all three powers at the 1% level. The maximum of the 

resulting polynomial on the interval [0; 1 000] corresponds to the percentile value of 

262.8. The optimal leverage percentile rank during the crisis in terms of return on 

equity was therefore 26.3. This is the lowest percentile rank estimated in models with 

return on equity as a performance measurement. The corresponding level of 

indebtedness in furniture production industry is equal to 44.8%. This means that 

during the crisis the optimal level of indebtedness was much lower than in the years 
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preceding the crisis. Optimal percentage of debt after the crisis raised only negligibly 

to 45.6% so the world financial crisis might have had a still-lasting effect on the 

optimal capital structure. These results once again support the findings from the 

models using return on assets as performance measurement. 

4.2.2.5 Brief summary of results 

 

All the results of the relationship between indebtedness and performance measured 

by return on equity are summarized in Table 14. 

Table 14 Summary of results of percentile model using ROE as a performance measure 

  
Whole time 

period 
Before crisis After crisis During crisis 

Estimated 
coefficients 

qleverage .5849869*** .5690464*** .6527999*** .9247357*** 
qleverage2 -.0008967*** -.0008188*** -.0014799*** -.0022956*** 
qleverage3 4.27e-07*** 2.71e-07** 8.41e-07*** 1.36e-06*** 

Polynomial maximum 517.4 446.5 294.5 262.8 
Corresponding 
indebtedness 

75% in year 
2010 

71% in year 
2005 

45.6% in year 
2012 

44.8% in year 
2009 

R-squared 11.4% 9.3% 3.7% 5.9% 

 

The estimated results suggest that the performance measured by return on equity is 

also related to the level of indebtedness and that this relationship is again non-linear. 

Usage of this performance measurement supported the results from previous models 

which used return on assets as a dependent variable. All three hypothesis are again 

not rejected using the same rationale as in previous models. Chow test supported the 

Hypothesis #3 since the interaction term of time period dummy and basic form of 

leverage was estimated to be significant at 1% significance level. The full output of 

this Chow test is presented in Table A2 in the Appendix. 

Next, we provide an estimation of models using profit margin as performance 

measurement.  

4.2.3 Performance measured by profit margin 

 

In this section we will try to support the results from previous percentile values 

approach models by measuring performance by profit margin. The profit margin is 

an indicator of what proportion of total revenues are ultimately transformed to the 
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profit. Every model in this section is again estimated using the fixed effects estimator 

and robust standard errors. 

4.2.3.1 Estimation using the whole available time period 

First, we used the whole available time period 2003 – 2014. The estimate was 

conducted with the usage of fixed effect estimator and robust standard errors. The 

model equation is of from: 

qmargin = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit                    (6) 

 

The results are summarized in Table 15. 

Table 15 Estimation output: Percentile model using profit margin and years 2003-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant 492.6737 10.80357 45.60 0.000 
qleverage .1553788 .0452203 3.44 0.001 
qleverage2 -.0003983 .0001014 -3.93 0.000 
qleverage3 -1.81e-07 6.77e-08 -2.67 0.007 
company_age -10.75854 .8820176 -12.20 0.000 
company_age2 .1624592 .0328539 4.94 0.000 
qtotal_assets .4829945 .0434103 11.13 0.000 
qtotal_assets2 -.0003772 .0000406 -9.30 0.000 
qtotal_revenues .087365 .0453841 1.93 0.054 
qtotal_revenues2 .0001796 .0000415 4.33 0.000 
qassets_structure -.0764106 .0172311 -4.43 0.000 
qassets_structure2 -.000027 .0000171 -1.58 0.114 
# of observations 141854 
R2 0.1250 

 

Estimated p-values suggest that all included variables are significant at 5% 

significance level with the exception of the basic form of revenues and squared form 

of assets structure. The latter mentioned is not significant even at the 10% level, but 

revenues are significant at the 5.4% level. R-squared is equal to 0.1250 which means 

that independent variables included in the model explain approximately 12.5% of 

variations in dependent variable qmargin. This is lower R-squared than in the 

comparable model 4 but a little higher than in Model (5). 

The variable of interest – qleverage is significant at 1% significance level in all 

powers. Resulting polynomial has a maximum on the interval from 0 to 1 000 
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corresponding to the leverage percentile value of 174.3. This implies that companies 

which have leverage percentile rank of 17.4 within its own NACE category are 

performing best in terms of profit margin. It is the lowest optimal leverage percentile 

rank among percentile approach models using the whole available time period. In the 

context of profit margin, this could mean that, for Czech manufacturing companies, it 

was cheaper to obtain finance from shareholders, than via external debt, because the 

margin grows with lower costs per unit sold. The corresponding level of indebtedness 

in furniture NACE category in the year 2010 was 31.9%. 

Control variable measuring the age of the company is significant in both basic and 

squared forms at 1% significance level. Estimated polynomial is decreasing from 0 to 

33.11 years and then increasing ever after. This suggests that the age of a company 

connected with the lowest performance measured by profit margin was 

approximately 33 years. 

Both powers of variable measuring company size by total assets – qtotal_assets are 

significant at 1% significance level. The resulting polynomial with a global 

maximum at 640.2 suggests that there is an assets percentile rank of 64 which is on 

average occupied by the best-performing companies within given NACE category. 

This is significantly higher optimal percentile rank of assets value than in the case of 

Model (4) and Model (5). This could be explained by the higher negotiating power of 

bigger companies and thus lower prices of inputs which in turn enables these 

companies to have a higher margin than their smaller competitors. 

Revenues in basic form are significant at the 1% significance level while their 

squared version is significant at the 5.4% level. The P-value of 0.054 is a marginal 

value between what is generally considered significant and insignificant. Moreover, 

we were using robust standard errors so they might be a little overrated. Therefore, 

we included the squared version to our computations of the optimal value of 

revenues. Estimated relationship is therefore quadratic with both beta coefficients 

higher than zero. This means that the resulting relationship is increasing convex 

function on the whole interval [0; 1 000]. In other words, companies with higher 

revenues have a higher profit margin, which corresponds with the conclusion drawn 

in the previous paragraph. 

Assets structure is significant at 1% significance level in the first power while its 

squared version is not significant even at the 10% level. The estimated coefficient is 

negative, which suggests that the higher proportion of fixed assets is connected with 

a lower profit margin. Concretely, 1 percentage point increase in the proportion of 
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long-term assets to short-term assets is connected with a 0.076 percentage point 

decrease in profit margin. 

Next, we provide an estimate of the same model with same dependent and 

explanatory variables, but using the data from years before, after and during world 

financial crisis separately to see, if the crisis has had any effect on the optimal capital 

structure when performance is measured by profit margin. 

4.2.3.2 Estimation using the time period before the financial 

crisis 

The model equation remains the same, but it is restricted to the years < 2009: 

 qmargin = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit 

t ∈ [2003; 2008]                      (6.1) 

 

The results are shown in Table 16 below.  

Table 16 Estimation output: Percentile model using profit margin and years 2003-2008 

Variable Coefficient Std. Err. t-stats P>t 
constant 508.3983 16.60073 30.63 0.000 
qleverage .0099487 .0659731 0.15 0.880 
qleverage2 -.0001326 .0001493 -0.89 0.374 
qleverage3 -4.02e-07 1.01e-07 -3.99 0.000 
company_age -16.16762 2.048496 -7.89 0.000 
company_age2 .2100351 .088204 2.38 0.017 
qtotal_assets .6319681 .066564 9.49 0.000 
qtotal_assets2 -.0004065 .0000623 -6.52 0.000 
qtotal_revenues .1661893 .0659745 2.52 0.012 
qtotal_revenues2 .000032 .0000618 0.52 0.604 
qassets_structure -.0727621 .0268921 -2.71 0.007 
qassets_structure2 -.0000335 .0000259 -1.29 0.196 
# of observations 62467 
R2 0.1439 

 

Resulting p-values indicate that squared leverage, cubed leverage and squared version 

of total revenues are not significant in this model. All other included variables are 

significant at the 5% level. R-squared in this model is 0.1439 which is the highest R-

squared among models using the profit margin as the dependent variable. 
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Leverage is significant only in the third power and the estimated coefficient is 

negative. This means that the capital structure is negatively correlated with profit 

margin in the years preceding financial crisis. Once again, it points out that it was 

cheaper to finance company through shareholders than by external debt. This is the 

only model which estimates optimal indebtedness to be 0%. The reason might be that 

the external financing was relatively more expensive than financing through 

shareholders. External debt, therefore, caused higher costs and consequently lower 

profit margin. 

This estimate served only to compare the optimal indebtedness in different time 

periods so we do not interpret the remaining explanatory variables here. Next, we 

provide the estimation of the same model for the period after world financial crisis.  

4.2.3.3 Estimation using the time period after the financial crisis 

The model equation remains the same so that all models are comparable, but this 

model uses only years from 2010 to 2014. 

qmargin = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit 

t ∈ [2010; 2014]                      (6.2) 

 

The results are shown in Table 17 below.  

Table 17 Estimation output: Percentile model using profit margin and years 2010-2014 

Variable Coefficient Std. Err. t-stats P>t 
constant 326.0708 24.60303 13.25 0.000 
qleverage .1762165 .0740337 2.38 0.017 
qleverage2 -.0005632 .0001689 -3.34 0.001 
qleverage3 -1.15e-07 1.15e-07 -1.00 0.318 
company_age -7.884709 1.752599 -4.50 0.000 
company_age2 .3215314 .0606365 5.30 0.000 
qtotal_assets .4016955 .0757948 5.30 0.000 
qtotal_assets2 -.0000961 .0000714 -1.35 0.178 
qtotal_revenues .3335924 .0802478 4.16 0.000 
qtotal_revenues2 .0000734 .0000722 1.02 0.309 
qassets_structure -.0760884 .0278457 -2.73 0.006 
qassets_structure2 -.0000721 .0000271 -2.66 0.008 
# of observations 65244 
R2 0.0869 
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P-values indicate the significance of all variables at 5% significance level with the 

exception of the squared form of assets, cubed form of leverage and squared form of 

assets structure. Squared assets are significant at the 8% level while latter two are not 

significant even at 10%. The resulting R-squared is 0.0869 so included explanatory 

variables explain approximately 8.7% of variations in profit margin after the financial 

crisis. This is the lowest R-squared among models using percentile approach and 

profit margin as the dependent variable. 

Variable leverage is significant in all three powers at 2% significance level. When we 

examine the resulting polynomial, we can conclude that there is a unique maximum 

on [0; 1 000] interval corresponding to the leverage percentile value of 156.4. This 

means that after the world financial crisis the optimal indebtedness percentile rank 

within given NACE category was approximately 15.64. To put it into the context of 

optimal percentage indebtedness, we use once again furniture production example. 

The percentile rank 15.6 corresponds to the level of indebtedness of 26% in year the 

2012. This is higher percentile rank and optimal indebtedness than in years before the 

crisis. The reason might be that the interest rates were on average more than 3 times 

higher before the crisis than after it according to data from the Czech National Bank. 

So financing company through external debt might have been relatively expensive in 

the years before the crisis. In other words, more indebted companies obtained more 

expensive money so their costs were higher and profit margin lower. 

 

Once again, this estimate served only to compare the optimal indebtedness in 

different time periods so we leave the interpretations of the remaining variables for 

interested readers themselves. Next model shows an estimate of what happened to the 

optimal capital structure during the financial crisis.  

4.2.3.4 Estimation using the time period during the financial 

crisis 

The model equation again remains the same, but it is restricted to the time period 

from 2008 to 2010: 

 qmargin = β0 + γ1*qleverageit + γ2*qleverageit
2 + γ3*qleverageit

3 + β1*company_age + 

β2*company_age2 + β3*qtotal_assets + β4*qtotal_assets2 + β5*qtotal_revenues + 

β6*qtotal_revenues2 + β7*qassets_structure + β8*qassets_structure2 + αi + εit 

t ∈ [2008; 2010]                      (6.3) 
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The results are shown in Table 18 below.  

Table 18 Estimation output: Percentile model using profit margin and years 2008-2010 

Variable Coefficient Std. Err. t-stats P>t 
constant 481.6714 26.80001 17.97 0.000 
qleverage .1919015 .1031903 1.86 0.063 
qleverage2 -.0006386 .000232 -2.75 0.006 
qleverage3 -1.83e-07 1.56e-07 -1.17 0.241 
company_age -32.87458 3.391053 -9.69 0.000 
company_age2 .6229094 .1287471 4.84 0.000 
qtotal_assets .6544812 .0965112 6.78 0.000 
qtotal_assets2 -.0003918 .0000936 -4.19 0.000 
qtotal_revenues .3639303 .0968942 3.76 0.000 
qtotal_revenues2 .0001525 .0000881 1.73 0.084 
qassets_structure -.0226007 .0385666 -0.59 0.558 
qassets_structure2 -.0001095 .0000386 -2.84 0.005 
# of observations 41990 
R2 0.1155 

 

 

All explanatory variables are significant at 5% significance level except for the basic 

version of leverage (p-value 0.063), cubed version of leverage (p-value 0.241), 

squared version of revenues (p-value 0.084) and basic version of the assets structure 

(p-value 0.558).  R-squared of this model is equal to 0.1155 so almost 11.6% of the 

variation in profit margin during the world financial crisis could be explained by 

included explanatory variables. 

Leverage is significant in the first power at 6.3%, in the second power at 1% level 

and not significant in the third power. Since we used robust standard errors and p-

value of 0.063 is close to the value of 0.05 (which is generally considered to be the 

threshold between significant and insignificant p-value), we include the basic version 

of leverage together with the squared version to the computation of optimal 

indebtedness. We leave out only the insignificant cubed version of leverage. The 

maximum of the resulting polynomial on the interval [0; 1 000] corresponds to the 

percentile value of 150.25. The optimal leverage percentile rank during the crisis in 

terms of profit margin was therefore 15. This is very similar to the situation after the 

crisis when the optimal leverage percentile rank was 15.6. Corresponding level of 

indebtedness in furniture production industry is equal to 25.7%, which is also very 

close to the 26% estimated for the post-crisis period. We leave the interpretation of 

control variables for the interested readers. 
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4.2.3.5 Brief summary of results 

 

All the results of the relationship between indebtedness and performance, measured 

by profit margin, are summarized in Table 19. 

Table 19 Summary of results of percentile model using margin as a performance measure 

  
Whole time 

period 
Before crisis After crisis During crisis 

Estimated 
coefficients 

qleverage .1553788*** .0099487 .1762165*** .1919015* 
qleverage2 -.0003983*** -.0001326 -.0005632*** -.0006386*** 
qleverage3 -1.81e-07*** -4.02e-07*** -1.15e-07 -1.83e-07 

Polynomial maximum 174.3 0 156.4 150.3 
Corresponding 

indebtedness in furniture 
production 

31.9% in year 
2010 

0% 
26% in year 
2012 

25.7% in year 
2009 

R-squared 12.5% 14.4% 8.7% 11.6% 

 

Every model in this Section 4.2.3 showed non-linear relationship between 

performance and capital structure.  All of them also supported the Hypothesis #2 that 

the optimal indebtedness lies within the interval (0; 1) with the exception of the 

model using the time period before the financial crisis, which estimated the optimal 

indebtedness to be zero. The optimal indebtedness percentile rank during and after 

the crisis, with respect to profit margin, is estimated to be approximately 15. This 

corresponds to the level of indebtedness of 26% in the furniture production sector. 

The Hypothesis #3 of the change of examined relationship due to the financial crisis 

was also confirmed by Chow test, where the interaction term of time period dummy 

variable and basic form of leverage was estimated to be significant at the 1% level. 

The interaction term of time period dummy and the cubed version of leverage was 

significant at the 2% level. The entire output of this Chow test is provided in the 

appendix in Table A3. The effect of the crisis is opposite than in the Section 4.2.1 and 

4.2.2, though. Estimated optimal indebtedness is higher after and during the crisis 

than before the crisis. This could be caused by the fact that before the world financial 

crisis, interest rates were more than three times higher than after the crisis (Czech 

National Bank, 2016). This could have caused that the external debt was a relatively 

expensive way to obtain financing and thus less indebted companies recognized 

lower costs and consequently higher profit margin. 
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4.2.4 Summary of results from models using percentile 

values 

 

Chapter 4.2 covered the results of our main estimations. We used three different 

measures of company performance, namely, return on assets, return on equity, and 

profit margin, to examine the relationship between performance and capital structure. 

We estimated the relationship for four different time periods to track the development 

of this relationship in time. The data for both performance measurement and capital 

structure measurement were transformed to percentile values as described in Chapter 

3.2. All estimations were conducted using fixed effects estimation with robust 

standard errors. Table 20 summarizes results of these estimations. 

Table 20 Summary of results of all percentile models 

  
Whole time 

period 
Before crisis After crisis During crisis 

R
e

tu
rn

 o
n

 a
ss

e
ts

 Estimated 
coefficients 

qleverage .3871547*** .2393497*** .3414401*** .3125087*** 
qleverage2 -.0006653*** -.0004468*** -.0007648*** -.0006121*** 
qleverage3 -1.00e-07 -2.96e-07*** -5.90e-08 -3.52e-07** 

Polynomial maximum 291 220 223 215 
Corresponding 

indebtedness in furniture 
production 

45.7% in year 
2010 

46.5% in year 
2005 

37.5% in year 
2013 

37.9% in year 
2009 

R-squared 19% 19.7% 14.2% 17% 
  
  

R
e

tu
rn

 o
n

 e
q

u
it

y Estimated 
coefficients 

qleverage .5849869*** .5690464*** .6527999*** .9247357*** 
qleverage2 -.0008967*** -.0008188*** -.0014799*** -.0022956*** 
qleverage3 4.27e-07*** 2.71e-07** 8.41e-07*** 1.36e-06*** 

Polynomial maximum 517.4 446.5 294.5 262.8 
Corresponding 

indebtedness in furniture 
production 

75% in year 
2010 

71% in year 
2005 

45.6% in year 
2012 

44.8% in year 
2009 

R-squared 11.4% 9.3% 3.7% 5.9% 

    

P
ro

fi
t 

m
ar

gi
n

 

Estimated 
coefficients 

qleverage .1553788*** .0099487 .1762165** .1919015* 
qleverage2 -.0003983*** -.0001326 -.0005632*** -.0006386*** 
qleverage3 -1.81e-07*** -4.02e-07*** -1.15e-07 -1.83e-07 

Polynomial maximum 174.335 0 156.4 150.3 
Corresponding 

indebtedness in furniture 
production 

31.9% in year 
2010 

0 
26% in year 
2012 

25.7% in year 
2009 

R-squared 12.5% 14.4% 8.7% 11.6% 

 

The R-squared is the highest in the models using return on assets as the dependent 

variable, followed by the model using profit margin and the lowest R-squared is 

estimated from models using return on equity as the dependent variable. 
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Models with return on assets as the dependent variable supported the Hypothesis #1 

and Hypothesis #2 in all examined time periods.  Variables measuring leverage are 

significant in all periods in the basic and squared form. Cubed version of leverage 

was significant before and during the crisis. Either way, on the [0; 1] interval of 

indebtedness, all of the resulting polynomials reach maximum inside the interval 

(0; 1). This correspond the most to the trade-off theory reviewed in Chapter 2.2.1. 

The optimal leverage percentile rank is relatively stable in all three periods – before, 

during and after the crisis, but corresponding optimal leverage differs. It drops from 

46.5% before the crisis to 37.5% after the crisis in the representative sector of 

furniture production. This supports the Hypothesis #3 that the financial crisis 

influenced the examined relationship. Chow test showed a significant difference 

between the model from before and after the crisis. The crisis lowered the optimal 

indebtedness in this model, but rather by lowering average leverage in the industry 

than by changing the optimal percentile rank. Nevertheless, the lowest optimal 

percentile rank of indebtedness occurred during the crisis. 

Models with return on equity as the dependent variable supported the Hypothesis #1 

and Hypothesis #2 in all examined time periods as well.  Variable leverage is 

significant in all three powers in all examined periods. All maximums of resulting 

polynomials on the [0; 1] interval lie inside of the interval so these models also 

support the trade-off theory. An optimal percentile rank of leverage decreased from 

44.7 before the crisis to 26.3 after the crisis. It is higher optimal percentile rank than 

in the models with return on assets as dependent variables, which should not be 

surprising as leverage generally helps investors to obtain higher returns on their 

investments. The drop caused by the crisis is much more noticeable than in models 

using return on assets. Hypothesis #3 was supported by chow test, which confirmed 

that the relationship before the crisis was different than after the crisis. The 

corresponding levels of indebtedness in furniture production were 71% and 45.6% 

respectively. 

The last group of models, which used profit margin as a performance measure differs 

from the previous two groups. All four time periods supported hypothesis that there 

exists a nonlinear relationship between performance and capital structure. Three of 

those also resulted in the optimal indebtedness inside of the (0; 1) interval and 

correspond to the trade-off theory. The one which broke this pattern is the model 

using the time period before the world financial crisis, which predicts optimal 

indebtedness to be zero. This result corresponds the most to the pecking order theory, 

which predicts that the best-performing companies use retained earnings as a source 

of financing rather than external debt. This outstanding model also caused that the 
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optimal indebtedness was higher after the crisis than before as the percentile rank of 

optimal leverage increased from zero before the crisis to 15.6 after the crisis. 

Corresponding levels of indebtedness are 0% and 26% respectively. Chow test 

confirmed the difference between those two periods. This could be explained by the 

fact that profit margin grows with lower costs per unit sold and that according to data 

from Czech National Bank, the interest rates were on average more than three times 

higher before the crisis than after it. Therefore, it was relatively more expensive to 

obtain money via external debt before the crisis so in term of profit margin it might 

have been more favorable to use equity financing. On the other hand, low interest 

rates in the years after the crisis could have made the external debt more profitable 

alternative.  

It is hard if not impossible to compare our results with the empirical results of 

previous researches, because the method used in this thesis was not used in reviewed 

papers. The only model that is comparable with previous researches is the one using 

profit margin as performance measurement and the time period before the world 

financial crisis. Its result of zero optimal debt corresponds to the results of Kester 

(1986), Friend & Lang (1988), Titman & Wessels (1988), Rajan & Zingales (1995), 

Majumdar and Chhibber (1997), Fama & French (2002), Zeitun & Tian (2007), Rao 

et al. (2007), Salehi (2009), Onaolapo & Kajola (2010) or Rajesh (2012). These 

papers estimated the relationship between performance and capital structure to be 

negative, which implies optimal indebtedness to be zero as well. 



Conclusion  52 

5 Conclusion 

The goal of this thesis was twofold. The first goal was to estimate the relationship 

between company performance and its capital structure in Czech manufacturing 

companies and determine the optimal capital structure accordingly. The second goal 

was to find out whether the world financial crisis has had any influence on this 

relationship. The approach used in this thesis was not observed in any previous 

researches reviewed by us. We transformed the data in a way that the manufacturing 

industry was divided into more specific sectors and key variables were revalued 

according to percentile rank within a given sector in a given year. Such variables 

were then used in the estimations. This approach takes into account differences 

between various sectors within the manufacturing industry and helps to provide 

a universal conclusion for all manufacturing sectors. Three different performance 

measures were used to estimate the relationship – return on assets, return on equity, 

and profit margin. The estimations were conducted for four different time periods – 

the whole available time period (2003 – 2014) and the years before, during, and after 

the crisis, to observe how the relationship has been changing over time. To provide 

more concrete results, we reported the actual indebtedness in the furniture production 

sector corresponding to the estimated optimal percentile rank of indebtedness. 

Furniture was chosen as a typical representative manufacturing sector with one of the 

most frequent occurrences in our dataset. 

Regarding estimates using return on assets as a performance measure, the optimal 

indebtedness percentile ranks for the whole period, before, during, and after the crisis 

period were 29.1, 22, 21.5, and 22.3 respectively. Corresponding indebtedness in 

furniture sector was 45.7% in the year 2010, 46.5% in the year 2005, 37.9% in the 

year 2009, and 37.5% in the year 2013. The optimal leverage percentile rank is 

relatively stable in the periods before, during, and after the crisis, but corresponding 

optimal leverage differs. It drops from 46.5% before the crisis to 37.5% after the 

crisis in the representative sector of furniture production. This result suggests that the 

crisis did not change the optimal percentile rank of indebtedness in a given 

manufacturing sector, but rather it decreased the average indebtedness. 

For the models using the return on equity as a performance measure, the optimal 

indebtedness percentile ranks for the whole period, before, during, and after the crisis 

period were estimated to be 75, 71, 44.8, and 45.6 respectively. Corresponding 
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indebtedness in furniture sector was 75% in the year 2010, 71% in the year 2005, 

45.6% in the year 2009, and 44.8% in the year 2013. In this case the crisis lowered 

both optimal percentile rank and actual indebtedness. The drop caused by the crisis is 

much more noticeable than in models using return on assets. Both the optimal 

percentile rank and corresponding indebtedness are higher than in the models with 

return on assets as dependent variables, which should not be surprising as leverage 

generally helps investors to obtain higher returns on their investments. 

The last group of models which used profit margin as a performance measure differs 

from the previous two groups. The optimal indebtedness percentile ranks for the 

whole period, before, during, and after the crisis period were estimated to be 17.4, 0, 

15, and 15.6 respectively. Corresponding indebtedness in furniture production was 

31.9%, 0%, 25.7%, and 26% respectively. The model which broke the pattern is the 

model using the time period before the world financial crisis, which predicts optimal 

indebtedness to be zero. In oppose to our previously reported results, this model also 

caused that the optimal indebtedness was higher after the crisis than before as the 

percentile rank of optimal leverage increased from 0 before the crisis to 15.6 after the 

crisis with corresponding levels of indebtedness in furniture production 0% and 26% 

respectively. This could be explained by the fact that the profit margin grows with 

lower costs per unit sold and the interest rates were on average more than three times 

higher before the crisis than after it. Therefore, it was relatively more expensive to 

obtain money via external debt before the crisis so in term of profit margin it might 

have been more favorable to use equity financing. Low interest rates in the years after 

the crisis could have made the external debt more profitable alternative. 

Generally, we can conclude that the relationship between the capital structure and 

performance is not the same for all levels of indebtedness. The relationship is positive 

until it reaches certain level of indebtedness and above this threshold the relationship 

is negative. The threshold determines the optimal capital structure and it differs 

across different industry sectors, time periods and with the usage of different 

performance measures. The only exception is the model using the time period before 

the world financial crisis and profit margin as a performance measure, which predicts 

the relationship to be negative for all levels of indebtedness. Regarding the 

development of the optimal capital structure over time, it decreased during and after 

the financial crisis when the performance was measured by return on assets or return 

on equity. The opposite dynamics were observed when the performance was 

measured by profit margin.  
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It would be interesting to estimate the presented models in a dynamic manner to 

capture also the causalities of examined relationship. Future research might also 

focus on the reason why the profit margin measure indicated the opposite effect of 

the financial crisis than other two performance measures. 
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Figure A1 Density histogram of return on assets 

 

Figure A2 Density histogram of return on equity 
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Figure A3 Density histogram of profit margin 

 

 

 

Table A1 Chow test for percentile model using ROA as performance measure 

  Coef. Std. Err. t P>t 

constant 352.7313 10.88977 32.39 0.000 

qlev .4557096 .0532068 8.56 0.000 

qlev2 -.0007291 .0001226 -5.95 0.000 

qlev3 -2.00e-08 8.31e-08 -0.24 0.810 

db_qlev -.141474 .0658174 -2.15 0.032 

db_qlev2 .0000895 .0001528 0.59 0.558 

db_qlev3 -1.24e-07 1.03e-07 -1.20 0.230 

before_crisis 78.15961 8.135728 9.61 0.000 

age -10.57352 .849104 -12.45 0.000 

age2 .289986 .0301442 9.62 0.000 

qassets .374024 .0358656 10.43 0.000 

qassets2 -.0006132 .0000334 -18.36 0.000 

qrevenues .5091614 .0289939 17.56 0.000 

qrevenues2 .000093 .0000293 3.18 0.001 

qassets_struc -.0080412 .0161702 -0.50 0.619 

qassets_struc2 -.0001254 .0000154 -8.13 0.000 
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Table A2 Chow test for percentile model using ROE as performance measure 

  Coef. Std. Err. t P>t 

constant 191.1098 9.538998 20.03 0.000 

qlev .5389726 .0507139 10.63 0.000 

qlev2 -.0009193 .0001414 -6.50 0.000 

qlev3 5.49e-07 1.12e-07 4.89 0.000 

db_qlev .1580562 .0597643 2.64 0.008 

db_qlev2 -.0001603 .0001724 -0.93 0.352 

db_qlev3 -8.09e-08 1.38e-07 -0.58 0.559 

before_crisis 9.624342 5.832061 1.65 0.099 

age -17.40307 .9357901 -18.60 0.000 

age2 .5950659 .0325386 18.29 0.000 

qassets .5870591 .037977 15.46 0.000 

qassets2 -.0007512 .0000366 -20.50 0.000 

qrevenues .5717428 .0303458 18.84 0.000 

qrevenues2 3.99e-06 .0000318 0.13 0.900 

qassets_struc -.0003344 .0176871 -0.02 0.985 

qassets_struc2 -.0001236 .000017 -7.27 0.000 

 

 

 

Table A3 Chow test for percentile model using profit margin as performance measure 

  Coef. Std. Err. t P>t 

constant 437.5072 12.70523 34.44 0.000 

qlev .3122101 .0573668 5.44 0.000 

qlev2 -.0006318 .0001286 -4.91 0.000 

qlev3 4.04e-09 8.54e-08 0.05 0.962 

db_qlev -.2879504 .0735075 -3.92 0.000 

db_qlev2 .0003484 .000165 2.11 0.035 

db_qlev3 -2.75e-07 1.09e-07 -2.53 0.012 

before_crisis 103.1445 9.514024 10.84 0.000 

age -11.95249 .9113698 -13.11 0.000 

age2 .2777185 .0326472 8.51 0.000 

qassets .4968285 .0429984 11.55 0.000 

qassets2 -.0003596 .0000403 -8.93 0.000 

qrevenues .065329 .0449597 1.45 0.146 

qrevenues2 .0001818 .0000412 4.41 0.000 

qassets_struc -.0698378 .0170111 -4.11 0.000 

qassets_struc2 -.0000394 .0000169 -2.34 0.019 

 


