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Testing the validity of Gibrat’s law in the context of
profitability performance

Roman Fiala and Veronika Hedija

Department of Economic Studies, College of Polytechnics Jihlava, Jihlava, Czech Republic

ABSTRACT
The purpose of the article is to investigate whether the profitability
of firms affects the validity of Gibrat’s law. We begin with the
thesis that small firms have less access to outside financial sources
(especially bank loans) than large companies, so the role of profit
in generating growth varies depending on firm size and is prob-
ably more important for smaller companies. We divided a large
sample of companies (about 30,000 firms) into three profitability
groups (lower 25%, middle 50%, and upper 25% of firms) to exam-
ine whether the size-growth relationship is influenced by profitabil-
ity. Gibrat’s law was verified both at the aggregate level and at the
industry level (using one-digit NACE classification). The results
show that the validity of Gibrat’s law is not significantly influenced
by the amount of firm profit at the aggregate level or at the indus-
try level. In most sectors and profitability groups, smaller firms
grow faster than their larger counterparts do.
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1. Introduction

Robert Gibrat (1931) investigated French manufacturing firms and concluded that
firm growth is a random effect, independent of firm size. This idea is known as
Gibrat’s law or the law of proportionate effect. Many studies have followed from
Gibrat’s work and are devoted to empirically testing the validity of Gibrat’s law. A
review of these studies and a summary of their conclusions can be found, for
instance, in Santarelli, Klomp, and Thurik (2006); another review of more recent
studies was presented in Nassar, Almsafir, and Al-Mahrouq (2014).

The results of studies testing the validity of Gibrat’s law vary significantly. Some
studies reject Gibrat’s law; others confirm it or present mixed results. This raises the
question: Why are the findings of empirical studies so different? Some of the factors
that can affect the validity of Gibrat’s law have been very well investigated. These
include the minimum efficient scale (MES) of production (e.g. Daunfeldt & Elert,
2013; Teruel-Carrizosa, 2010), type of ownership (e.g. Djankov & Murrell, 2002;
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Estrin, Hanousek, Ko�cenda, & Svejnar, 2009; Ivandi�c, 2015), industry uncertainty
(Daunfeldt & Elert, 2013; Lensink, van Steen, & Sterken, 2005), and ownership struc-
ture (e.g., Bottazzi & Secchi, 2006; Fagiolo & Luzzi, 2006; Variyam & Kraybill, 1992).
Very little attention has been paid to profitability as a factor that could affect the
size-growth relationship. To fill this gap in the literature, this study investigates the
influence of the ‘profitability’ factor.

The aim of this article is to examine if the profitability of companies affects the
validity of Gibrat’s law.

Like Mukhopadhyay and AmirKhalkhali (2010), we begin with the thesis that large
firms can obtain outside funding (especially bank loans) or new registered capital
more easily than their smaller counterparts. Thus, the facilitating role of profit in
generating growth differs depending on the size of a company, and it is probably
more important for the smaller companies than for the larger ones. Hence, the valid-
ity of Gibrat’s law may vary depending on profit. As small firms have less access to
external sources of financing, there could be a tendency for low-profitability large
companies to grow faster (due to better access to bank loans) than low profitability
small ones. Gibrat’s law should be valid for highly profitable firms where the need for
external financing is lower.

In contrast to most previous studies, we: (1) test the validity of Gibrat’s law in the
context of profitability as we mentioned above, only one previous study deals with
this issue; (2) use a large sample of about 30,000 firms; (3) prove the relationship on
an industry level; and (4) present the first findings about the size-growth relationship
in the context of profitability for the Czech Republic.

This article is organised as follows: Section 2 focuses on a literature review; Section
3 describes the data used and methodology applied; Section 4 shows the empirical
results, discusses the achieved results, and compares them with the findings of previ-
ous studies; and the last section, titled Conclusion, deals with a concise recapitulation
of the main findings.

2. Literature review

Many researchers have focused on the relationship between firm growth rate and
firm size. Some studies accepted the validity of Gibrat’s law and concluded that firm
growth was independent of firm size. These studies were focused mostly on large and
mature companies, including Buckley, Dunning, and Pearce (1984), Hart and Prais
(1956), and Simon and Bonini (1958). Hart and Prais (1956) examined quoted com-
panies in Great Britain for selected years during 1885–1950. Simon and Bonini (1958)
chose the 500 largest U.S. industrial firms from 1954 to 1956. Buckley et al. (1984)
investigated the validity of Gibrat’s law using data from the world’s largest companies.
Gibrat’s law was also confirmed on a sample of high-tech Norwegian firms (Klette &
Griliches, 2000), Austrian manufacturing companies (Pfaffermayr & Bellak, 2000),
Italian manufacturing firms (Del Monte & Papagni, 2003), and Portuguese firms
(Leit~ao, Serrasqueiro, & Nunes, 2010). Fujiwara, Guilmi, Aoyama, Gallegati, and
Souma (2004), who examined firms from 45 European countries, also validated
Gibrat’s law.
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Many other studies found that smaller firms grew faster than their larger counter-
parts, so Gibrat’s law was rejected in these papers. A large part of these studies
focused on the manufacturing industry in the U.S. (Evans, 1987a, 1987b), Germany
(Almus & Nerlinger, 2000), Portugal (Oliveira & Fortunato, 2006a), Spain (Calvo,
2006), France (Levratto, Tessier, & Zouikri, 2010), and Iran (Feizpour, Mahmoudi, &
Soltani, 2010).

Some researchers, including Dunne and Hughes (1994), Falk (2008), Bentzen,
Madsen, and Smith (2012), and Fiala and Hedija (2015), chose to analyse more indus-
tries. Dunne and Hughes (1994) verified the link between firm growth rate and firm
size in 19 industries. Falk (2008) investigated the manufacturing industry, business
services industry, and the mining and energy industry. Fiala and Hedija (2015) tested
the size-growth relationship for all industries of the Czech private sector. Bentzen
et al. (2012) focused on seven industries: primary industries, manufacturing, construc-
tion, wholesale and retail sales and hotels, transport services, financial services, and
the publicly regulated sector and social services. In contrast to previous studies, they
surprisingly concluded that big firms grew faster than smaller companies in most
examined industries.

Some studies produced mixed results. Gibrat’s law was confirmed only for some
part of the sample in these studies. Mansfield (1962) analysed three sectors of the
manufacturing industry in the U.S., with each sector divided into more periods.
Gibrat’s law was rejected in more than half of the cases. Hall (1987), Chen and Lu
(2003), Aslan (2008), and Hedija (2016) found similar mixed results. The last of these
studies examined the size-growth relationship for 14 sectors (NACE A-N) using a
sample of more than 36,000 Czech firms. The validity of Gibrat’s law was confirmed
only in two of the fourteen examined sectors. Small firms grew faster than their larger
counterparts in the great majority of the Czech private sector.

It is clear that the results of studies testing the validity of Gibrat’s law differ. For
this reason, some authors have investigated selected determinants that could influence
the validity. Daunfeldt and Elert (2013) used a large sample of Swedish firms and
showed that the validity of Gibrat’s law was industry specific. The aim of their study
was to identify factors explaining the differences in the validity of Gibrat’s law. They
proved the importance of industry size, MES of production, industry age, R&D
expenditure, liquidity, ownership, uncertainty, market concentration, and location in
explaining the size-growth relationship. They showed that the likelihood that Gibrat’s
law would be confirmed was greater in mature industries with high market concen-
tration and a large share of group ownership.

Other factors affecting the validity of Gibrat’s law could be profitability perform-
ance and financial constraints. Empirical studies show that access to outside sources
of financing varies depending on firm size; small- and medium-sized enterprises
(SMEs) have less access to these funds (Donati, 2016). The reduced access of SMEs to
outside sources (especially to bank loans) in comparison with large firms has also
been confirmed in the Czech Republic by empirical studies (Bel�as, Mach�a�cek, Barto�s,
Hlawiczka, & Hud�akov�a, 2014; L�ızal & Svejnar, 2002). Empirical findings support the
role of profit and financial constraints in firm growth (e.g. Becchetti & Trovato, 2002;
Colley & Quadrini, 2001; Donati, 2016; Oliveira & Fortunato, 2006b). Using data
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from Italian firms, Becchetti and Trovato (2002) found that the availability of external
financing (subsidy, leverage and financial constraints) significantly affected firm
growth. Donati (2016) showed that liquidity constraints hindered the growth of small
Italian firms in manufacturing. Oliveira and Fortunato (2006b) used cash flow as a
proxy for financial constraints and revealed a higher sensitivity of cash flow on
growth for small and younger firms, and that financial constraints hence have a
higher impact on the growth of small and young firms. Colley and Quadrini (2001)
supported this conclusion, confirming that the investment of small firms was more
sensitive to cash flow.

Mukhopadhyay and AmirKhalkhali (2010) tested the size-growth relationship in
the context of financial constraints and profitability performance of firms using a
sample of 191 large U.S. firms. Return on equity (ROE) was used to measure profit-
ability in this study. They concluded that large firms tended to grow faster than
smaller ones regardless of the profitability of companies. We followed this study to
re-examine its results using a very large sample of Czech firms and to estimate the
validity separately for individual sectors using alternative measures of profitability.

3. Data and methodology

The analysis is based on panel data from the Albertina CZ Gold Edition database for
the period from 2007 to 2012. The Albertina database contains information about all
companies in the Czech Republic that have an organisation identification number.
Because of the specific characteristics of the public sector, we test the validity of
Gibrat’s law only for private sector firms, with the private sector defined as industries
A-N according to the Statistical Classification of Economic Activities in the European
Community (NACE).

We narrowed the sample and used only the data of such companies that had
already been in the industry for five years before 2007, survived throughout the study
period, and did not change their primary economic activity (using one-digit NACE).
We used a balanced panel of firms; the final sample covers the data of 29,437
Czech firms.

Removing the start-up firms and firms that left the market enables us to monitor
the development of mature companies in the industry. The development of start-up
and ending companies is specific, since start-up companies tend to be smaller, and
their initial growth is very dynamic. In contrast, firms in liquidation mostly report a
decline or minimum activity regardless of size. Empirical studies show that the
Gibrat’s law is more likely to be valid in mature industries (Daunfeldt & Elert, 2013;
Lotti, Santarelli, & Vivarelli, 2009).

We used sales as the indicator of firm size. Sales, total assets, and number of
employees are among the most frequently used measurements of firm size in
empirical studies (Nassar et al., 2014). We chose ‘sales’ because it is the most flexible
indicator of the three. The ‘sales’ indicator includes real annual revenues from sales
of products, goods, and services. We used the year 2005 as the base period. Real
sales were calculated using the consumer price index published by the Czech
Statistical Office.1
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To assess the validity of Gibrat’s law in the context of firm profitability, we used
two profitability ratios as indicators of profitability: return on assets (ROA) and ROE.
ROA is defined as earnings before interest and taxes divided by total assets. ROA is a
very frequently used measurement for profitability in empirical studies (for an over-
view, see Hult et al. 2008, including studies by Czech researchers, e.g., �Si�ska, 2009).
ROE is defined as earnings after taxes (net profit) divided by equity. We also
employed this indicator since the ROE includes the leverage, which is an important
factor to consider when a bank provides a loan to a firm. In comparison to ROA,
ROE encounters problems when both earnings and equity are negative. Firms in this
situation seem to be falsely positive ROE (Trimbath, 2006). To minimise this
problem, we used the absolute value of equity to compute the value of ROE. The
descriptive statistics are shown in Table 1.

To verify the validity of Gibrat’s law, we applied the approach of Daunfeldt and
Elert (2013). They estimate the validity of Gibrat’s law using this model:

lnSijt ¼ aj0 þ aj1:lnS
i
jðt�1Þ þ hjt:Tt þ ujt: (1)

where Sijt is the size of i-th firm of j-th industry in time t, hjt:Tt is a vector of time-
specific fixed effects. The values of parameter aj1 indicate whether Gibrat’s law is
valid. Gibrat’s law holds if daj1 equal to one. A value smaller than one implies that
small firms grow faster than large ones; a value higher than one implies that large
firms grow faster than small firms do.

The advantages of this model are its simplicity and relatively low data input
requirements. It also includes time-specific fixed effects. Hardwick and Adams (2002)
showed that business cycles could play a role and this model makes it possible to

Table 1. Summary statistics by sector (average for the period 2007–2012).

NACE Number of firms

Average sales in 2005 prices (in thousands of CZK)

Mean Standard deviation

A – agriculture, forestry and fishing 1,519 48,374.37 91,316.12
B – mining and quarrying 69 143,943.00 275,332.50
C – manufacturing 5,795 126,547.50 289,679.10
D – electricity, gas, steam and air-

conditioning supply
241 105,045.70 271,763.60

E – water supply, sewerage, waste
management and remediation activities

319 90,643.93 184,490.70

F – construction 2,748 59,033.53 154,261.90
G – wholesale and retail trade, repair of

motor vehicles and motorcycles
7,794 80,026.82 208,929.60

H – transportation and storage 807 105,458.00 229,522.20
I – accommodation and food

service activities
739 18,705.85 74,452.52

J – information and communication 1,020 59,184.98 209,558.90
K – financial and insurance activities 228 121,056.80 362,262.10
L – real estate activities 3,998 8,742.12 47,593.88
M – professional, scientific and

technical activities
3,461 26,037.05 113,464.70

N – administrative and support
service activities

699 68,621.94 230,629.50

A-N 29,437 68,514.80 201,645.20

Source: Database Albertina, author�s computations.
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consider this. A disadvantage is that it does not address the potential non-linearity of
the relationship (for example, see Park & Jang, 2010). However, this model is
frequently used in empirical studies and it allows comparability of results (e.g.,
Daunfeldt & Elert, 2013; Peric & Vitezic, 2016; Tang, 2015).

To estimate the validity of Gibrat’s law, we modify the original model (equation 1)
to filter out the industry-specific fixed effects. We use this form:

lnSijt ¼ aj0 þ aj1:lnS
i
j t�1ð Þ þ aj2:Tt þ aj3:NACE

i
j þ aj4k:Tt:NACE

i
j þ ujt: (2)

where Sijt is the size of i-th firm of j-th industry by one-digit NACE in time t, NACEij
is the dummy variable for industry using five-digit NACE classification of i-th firm,
aj2:Tt is the vector of time-specific fixed effects, aj3:NACEi

j is the vector of industry-
specific fixed effects, aj4k:Tt:NACEij is a vector of time and industry-specific fixed
effects. The values of parameter aj1 indicate whether Gibrat’s law is valid. Gibrat’s
law holds if caj1 is equal to one. A value less than one implies that small firms grow
faster than large ones; a value higher than one implies that large firms grow faster
than small ones.

To consider the validity of Gibrat’s law in the context of the industry and profit-
ability of the firm we divided the firms from every sector (one-digit NACE) into
three groups according to profitability: lower 25%, middle 50%, and upper 25%
of firms (as in Mukhopadhyay & AmirKhalkhali, 2010). We used the mean of
ROA/ROE for the examined period as the indicator for the inclusion of a company
in the profit group. We then tested the validity of Gibrat’s law using Equation (2).
We estimated the model for the whole private sector and then separately for each
industry on the level of one-digit NACE and every profitability group.

To allow for heteroskedasticity and serial correlation problem, we used the OLS
estimator with cluster-robust standard errors. To confirm or reject Gibrat’s law, we
tested the null hypothesis H0 : ba1ð Þ ¼ 1 versus H1 : ba1ð Þ 6¼ 1 using F-test.

4. Results and discussion

We investigated the validity of Gibrat’s law on the whole sample of private sector
companies (NACE A-N) using Equation (2), including industry-specific fixed effects
and time-specific fixed effects and their combination, capturing industry and time
variant heterogeneity in growth rates. Companies were divided into three profitability
groups on the basis of their profitability performance. We used two profitability ratios
as the measurement of profitability for more robust results: ROA and ROE Results
are shown in Table 2. Coefficient a1 is the key indicator for rejection or confirmation
of the validity of Gibrat’s law. The validity of Gibrat’s law could be confirmed if
ba1 ¼ 1. F-test was used to test this hypothesis.
If profit is an important factor determining the validity of Gibrat’s law, the size-

growth relationship should differ across individual profit groups. Considering the
difficulties for small firms in accessing external sources of financing, low-profit larger
firms (from the lower 25%) could tend to grow faster. Using the sample of more
profitable firms (in the middle 50% and upper 25%) with less need for outside funds,
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the industry should tend validate Gibrat’s law. As Table 2 shows, Gibrat’s law is
rejected both for the whole sample and for all three profitability groups. The findings
are similar for both indicators of profitability (ROA and ROE). The results indicate
that smaller enterprises grow faster than their larger counterparts in all profitability
groups of companies ( ba1 < 1).

These results suggest that profit is not an important determinant of size-growth
relationship at the aggregate level. This finding is in harmony with the study by
Mukhopadhyay and AmirKhalkhali (2010), who investigated large U.S. industrial
firms and concluded that the profitability performance did not influence the size-
growth relationship. They also concluded that in many cases large firms tended to
grow faster than their smaller counterparts. Their findings contradict the vast major-
ity of previous studies confirming the higher growth dynamic of smaller firms. This
result could be explained by their chosen sample of companies. Unlike our study and
the majority of studies testing the validity of Gibrat’s law, Mukhopadhyay and
AmirKhalkhali (2010) used a sample of the 191 largest U.S. industrial companies.
Here, economies of scale could play an important role in supporting the higher
growth of large firms.

According to data from the Czech Ministry of Industry and Trade (2013),
the importance of profit and other sources of funding differs across industries (see
Table 3). Hence, the impact of profit on the validity of Gibrat’s law could vary in
individual sectors. Profit and funding both represent important sources of finance in
most industries and approximately 30% of total liabilities on average. Significant
differences are also found in the use of bank loans and financial accommodations.

The importance of profit in funding is relatively low in sector I, where it amounts
to 0% and in sector L, where it represents 14% of total liabilities. Other sources,
especially bank loans and financial accommodations, predominated in these sectors.
If we assume that small firms were more constrained in obtaining outside funds, the
validity of Gibrat’s law could differ for both low and high-profit firms in these sectors
and these differences could be significant. In contrast to the sectors in which other

Table 2. Testing Gibrat’s law validity – by profit groups.
Profit groups by ROA Profit groups by ROE

All firms Lower 25% Middle 50% Upper 25% Lower 25% Middle 50% Upper 25%

ln.St-1 (a1) 0.977���
(0.001)

0.954���
(0.002)

0.978���
(0.001)

0.979���
(0.002)

0.955���
(0.002)

0.979���
(0.001)

0.976���
(0.002)

Tt fixed effects yes yes yes yes yes yes yes
NACEj fixed

effects
yes yes yes yes Yes yes yes

Tt.NACEj fixed
effects

yes yes yes yes yes yes yes

Constant 0.175���
(0.014)

0.324���
(0.041)

0.177���
(0.017)

0.179���
(0.030)

0.287���
(0.039)

0.169���
(0.017)

0.228���
(0.036)

R2 0.947 0.916 0.954 0.951 0.917 0.958 0.944
N 14,7185 36,800 73,585 36,800 36,795 73,590 36,800
F-testa 561.42��� 406.08��� 266.62��� 139.76��� 386.35��� 271.62��� 133.79���
Notes: ���significant at the 1% level, ��significant at the 5% level, �significant at the 10% level, robust standard
errors in brackets, a. F- test of H0: ba1 ¼ 1, ���rejection of H0 at the 1% level, ��rejection of H0 at the 5% level,�rejection of H0 at the 10% level.
Source: Database Albertina, author’s computations.
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sources (especially bank loans and financial accommodations) are not such important
funding sources, differences in the validity of Gibrat’s law according to profit groups
cannot be expected. In this case, restricted access to outside funds for smaller firms
could not be an important factor affecting the size-growth relationship.

We next verify the validity of Gibrat’s law separately for individual sectors (A–N)
using one-digit NACE and model (2). The results are presented in Table 4.

Using the sample of all firms and sector levels, the validity of Gibrat’s law is
rejected for most sectors of the economy. Using a 5% level of significance, Gibrat’s
law is valid only in sectors B, D, and E; we can reject its validity for the rest of the
sectors. These results are very similar to those presented by Hedija (2016), who exam-
ined the validity of Gibrat’s law in individual sectors of the Czech economy and
rejected the validity of Gibrat’s law in the vast majority of industries. The differences
in the validity of Gibrat’s law among individual industries are explained by differen-
ces in concentration rate, the size of the industry, and the MES of production.

Using the profit groups, the validity of Gibrat’s law is rejected in the majority of
cases. The validity of Gibrat’s law was confirmed only in one third of the cases in the
examined groups, and it was not proved that companies with higher profits (from the
middle 50% and upper 25%) tended to validate Gibrat’s law. The results were very
similar for both applied indicators of profitability.

We then focused on sectors in which bank loans and financial accommodations
are important sources of funding (sectors I and L). We presume that the validity of
Gibrat’s law could vary across individual profit groups in these sectors. As the results
show, using the sample of all firms, the validity of Gibrat’s law is rejected for both
sectors. Moreover, the size-growth relationship does not differ across individual profit
groups in sectors I and L. Small companies tend to grow faster than larger ones here,
independent of profit group.

Hence, these results do not prove that profitability is a significant factor
affecting the relationship between firm growth and firm size. They show that the

Table 3. The share of individual funding sources on total liabilities by sector in 2012 (in %).
NACE Equity Registered capital Profitþ funds Other sources Reserves Payables Loans Accruals

A 87.5 17.1 70.4 12.4 3.7 5.8 2.9 0.1
B 59.1 19.7 39.3 40.9 12.3 23.6 5.0 0.1
C 52.2 21.4 30.8 47.0 3.0 33.3 10.7 0.8
D 47.9 22.7 25.2 48.2 3.7 40.0 4.5 3.9
E 71.1 47.3 23.7 28.0 2.2 20.4 5.4 0.9
F 41.0 17.1 23.9 57.3 6.8 44.1 6.5 1.7
G 40.0 17.5 22.5 59.2 1.6 44.1 13.4 0.8
H 64.0 41.3 22.7 35.1 1.6 30.1 3.5 0.9
I 12.8 13.0 �0.2 84.8 0.2 34.9 49.7 2.4
J 55.2 19.5 35.7 40.4 1.9 25.5 13.0 4.5
L 31.7 18.2 13.5 66.7 0.6 21.8 44.2 1.7
M 63.2 31.4 31.9 36.1 1.0 26.9 8.2 0.7
N 40.2 17.6 22.6 57.3 0.9 28.8 27.6 2.5

Note: A – agriculture, forestry and fishing; B – mining and quarrying, C – manufacturing, D – electricity, gas, steam
and air-conditioning supply, E – water supply, sewerage, waste management and remediation activities; F –
construction; G – wholesale and retail trade, repair of motor vehicles and motorcycles; H – transportation and
storage; I – accommodation and food service activities; J – information and communication; L – real estate activities,
M – professional, scientific and technical activities, N – administrative and support service activities. Data are not
available for sector K – financial and insurance activities.
Source: Ministry of Industry and Trade (2013).
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Table 4. Testing Gibrat’s Law validity by sectors.
Profit groups by ROA Profit groups by ROE

All firms Lower 25% Middle 50% Upper 25% Lower 25% Middle 50% Upper 25%

A – agriculture, forestry and fishing
ln.St-1 (a1) 0.986���

(0.004)
0.980���
(0.008)

0.984���
(0.007)

0.980���
(0.007)

0.979���
(0.008)

0.990���
(0.006)

0.972���
(0.010)

R2 0.958 0.961 0.955 0.956 0.953 0.966 0.952
N 7,595 1,895 3,800 1,900 1,895 3,800 1,900
F-testa 11.21��� 6.55�� 4.98�� 8.00��� 7.04��� 2.56 7.31���
B – mining and quarrying
ln.St-1 (a1) 1.005���

(0.020)
1.039���
(0.026)

0.961���
(0.021)

0.990���
(0.023)

1.062���
(0.022)

0.974���
(0.014)

0.970���
(0.022)

R2 0.961 0.960 0.959 0.975 0.971 0.950 0.979
N 345 90 170 85 90 170 85
F-testa 0.06 2.18 3.51� 0.20 8.35�� 3.53� 1.79
C – manufacturing
ln.St-1 (a1) 0.993���

(0.002)
0.981���
(0.005)

0.994���
(0.003)

0.981���
(0.005)

0.987���
(0.005)

0.990���
(0.003)

0.986
(0.005)

R2 0.957 0.946 0.965 0.962 0.951 0.964 0.958
N 28,975 7,245 14,485 7,245 7,245 14,485 7,245
F-testa 10.44��� 12.66��� 4.99�� 17.42��� 6.33�� 11.99��� 8.43���
D – electricity, gas, steam and air-conditioning supply
ln.St-1 (a1) 0.958���

(0.021)
1.051
(0.048)

0.924���
(0.031)

0.945���
(0.026)

0.955���
(0.028)

0.993���
(0.025)

0.880���
(0.061)

R2 0.923 0.975 0.914 0.932 0.955 0.957 0.861
N 1,205 300 600 305 305 600 300
F-testa 3.84� 1.13 6.07�� 4.34�� 2.65 0.09 3.86�
E – water supply, sewerage, waste management and remediation activities
ln.St-1 (a1) 0.978���

(0.015)
0.942���
(0.043)

1.00���
(0.011)

0.971���
(0.014)

0.965���
(0.036)

0.990���
(0.011)

0.973���
(0.015)

R2 0.938 0.923 0.953 0.957 0.932 0.953 0.947
N 1,595 400 800 395 400 800 395
F-testa 1.97 1.81 0.02 4.35�� 0.95 0.74 3.15�
F – construction
ln.St-1 (a1) 0.961���

(0.005)
0.938���
(0.010)

0.955���
(0.007)

0.958���
(0.008)

0.941���
(0.010)

0.962���
(0.006)

0.937���
(0.011)

R2 0.903 0.868 0.903 0.920 0.867 0.918 0.889
N 13,740 3,435 6,870 3,435 3,435 6,870 3,435
F-testa 72.79��� 39.30��� 41.67��� 29.55��� 34.72��� 38.95��� 30.95���
G – wholesale and retail trade, repair of motor vehicles and motorcycles
ln.St-1 (a1) 0.968���

(0.002)
0.930���
(0.006)

0.972���
(0.004)

0.969���
(0.004)

0.929���
(0.006)

0.973���
(0.004)

0.974���
(0.005)

R2 0.940 0.900 0.947 0.957 0.899 0.951 0.951
N 38,970 9,745 19,485 9,740 9,740 19,485 9,745
F-testa 164.54��� 129.53��� 57.81��� 53.43��� 137.22��� 57.30��� 32.04���
H – transportation and storage
ln.St-1 (a1) 0.986���

(0.007)
0.974���
(0.016)

0.978���
(0.013)

0.993���
(0.008)

0.979���
(0.016)

0.991���
(0.009)

0.968���
(0.016)

R2 0.938 0.922 0.932 0.956 0.917 0.944 0.942
N 4,035 1,005 2,025 1,005 1,010 2,015 1,010
F-testa 3.98�� 2.65 2.87� 0.74 1.68 0.90 3.98��
I – accommodation and food service activities
ln.St-1 (a1) 0.950���

(0.010)
0.936���
(0.025)

0.953���
(0.012)

0.937���
(0.023)

0.948���
(0.016)

0.951���
(0.013)

0.927���
(0.026)

R2 0.921 0.870 0.940 0.910 0.886 0.936 0.910
N 3,695 920 1,850 925 920 1,850 925
F-testa 27.34��� 6.43�� 15.99��� 7.69��� 10.53��� 14.21��� 7.98���
J – information and communication
ln.St-1 (a1) 0.990���

(0.005)
0.964���
(0.011)

0.987���
(0.006)

1.00���
(0.007)

0.960���
(0.012)

0.987���
(0.006)

0.993���
(0.007)

R2 0.956 0.933 0.962 0.967 0.932 0.961 0.970
N 5,100 1,275 2,550 1,275 1,275 2,550 1,275
F-testa 5.12�� 10.11��� 4.90�� 0.06 12.12��� 4.24�� 1.00

(continued)
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size-growth relationship does not vary systematically depending on the amount of
firm profit.

Other factors that may affect the growth performance of companies in individual
profit groups could play an important role as well. Empirical studies show that in
addition to access to financing, foreign ownership, family control, networks, and con-
tacts also influence firm growth (Bellak, 2004; Hamelin, 2013; Leitner, 2016). Other
possible explanations could include financial and non-financial support for SMEs
from European Union funds and special national funds and institutions (for example,
the Czech-Moravian Guarantee and Development Bank) that can make up for
missing funds (e. g. bank loans) from commercial banks to minimise the impact of
financial constraints (see Ministry of Industry & Trade, 2012).

5. Conclusion

SMEs are considered to be important pillars of the economy. However, they could
experience some disadvantages that large companies do not (for example, see
Haviernikov�a, 2016; �S�ubertov�a & Mesz�aro�sov�a, 2015). According to our hypothesis,
one disadvantage for SMEs is that they cannot obtain external financial resources
as easily as large companies. This could affect the growth rate of small firms. In
industries with low profitability, large firms can grow faster than the smaller ones.

Table 4. Continued.
Profit groups by ROA Profit groups by ROE

All firms Lower 25% Middle 50% Upper 25% Lower 25% Middle 50% Upper 25%

K – financial and insurance activities
ln.St-1 (a1) 0.967���

(0.013)
0.976���
(0.026)

0.943���
(0.019)

1.014���
(0.017)

0.998���
(0.020)

0.928���
(0.024)

1.007���
(0.012)

R2 0.933 0.922 0.936 0.961 0.958 0.920 0.970
N 1,140 285 570 285 285 570 285
F-testa 5.53�� 0.87 9.31��� 0.64 0.01 9.14��� 0.34
L – real estate activities
ln.St-1 (a1) 0.946���

(0.003)
0.920���
(0.007)

0.955���
(0.004)

0.945���
(0.006)

0.917���
(0.008)

0.956���
(0.003)

0.948���
(0.007)

R2 0.914 0.878 0.921 0.920 0.871 0.925 0.918
N 19,990 5,000 9,990 5,000 4,995 10,000 4,995
F-testa 316.60��� 114.57��� 134.29��� 77.03��� 107.80��� 161.50��� 59.04���
M – professional, scientific and technical activities
ln.St-1 (a1) 0.951���

(0.003)
0.918���
(0.008)

0.953���
(0.005)

0.959���
(0.008)

0.917���
(0.009)

0.951���
(0.005)

0.954���
(0.008)

R2 0.913 0.864 0.925 0.932 0.858 0.923 0.931
N 17,305 4,325 8,650 4,330 4,330 8,645 4,330
F-testa 199.86��� 100.68��� 98.00��� 28.63��� 84.41��� 110.02��� 35.85���
N – administrative and support service activities
ln.St-1 (a1) 0.978���

(0.007)
0.935���
(0.019)

0.991���
.0073471

0.995���
(0.014)

0.930���
(0.021)

0.997���
(0.007)

0.978���
(0.015)

R2 0.934 0.910 0.949 0.958 0.906 0.954 0.943
N 3,495 875 1,745 875 875 1,745 875
F-testa 8.44��� 11.14��� 1.61 0.14 11.39��� 0.15 2.17

Notes: Standard errors in brackets. ���significant at the 1% level. ��significant at the 5% level. �significant at
the 10% level. robust standard errors in brackets. a. F- test of H0: a1¼ 1. ���rejection of H0 at the 1% level.��rejection of H0 at the 5% level. �rejection of H0 at the 10% level.
Source: Database Albertina, authors’ computations.
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This study examined the validity of Gibrat’s law in the context of the profitability
performance of firms. We used a large sample of firms, divided into three profitabil-
ity groups (lower 25%, middle 50%, and upper 25% of firms) to examine whether
profit affects significantly the size-growth relationship. We tested the validity of Gibrat’s
law at the aggregate level and then at the industry level (using one-digit NACE classifi-
cation) using the linear auto-regression model. The results show that the size-growth
relationship does not vary systematically depending on the amount of firm profit at the
aggregate level or at the industry level. We identified the tendency of small firms to
grow faster than their larger counterparts regardless of profit group in most sectors.

We can conclude that our results do not prove that profitability is a significant
factor affecting the relationship between firm growth and firm size. The rate of profit
and the differing access to outside funds do not seem to be factors that negatively
affect SMEs in their growth in the Czech Republic. This is a very important finding
for the policies supporting SMEs Fiala (2017) confirmed the convergence toward
Gibrat-like behaviour over time for sample of SMEs. The article by Fiala (2017) and
the findings of this study indicate that SMEs should be supported in the initial period
when they have not exceeded the MES of production.

Although our research provides new findings, it is not without limitations. Factors
other than profitability and financial constraints could influence the firm-growth
relationship, including foreign ownership, family control, and SME support. We have
not considered these factors in our analysis, but their influence may prevail.

Due to our relatively surprising results, the possible effect of country-specific
factors, and the lack of studies on this topic, further research should focus on testing
the influence of profitability on firm-size growth relationships in other countries as
well as on capturing the influence of other factors on the validity of Gibrat’s law,
especially financial and non-financial support for SMEs.

Note

1. Sales¼ (revenue from sales of products, goods, and services/C.P.I.).100

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the College of Polytechnics Jihlava, under Grant no. 1170/4/186.

References

Almus, M., & Nerlinger, E. A. (2000). Testing “Gibrat’s Law” for Young Firms – Empirical
Results for West Germany. Small Business Economics, 15(1), 1–12.

Aslan, A. (2008). Testing Gibrat’s Law: Empirical evidence from panel unit root tests of
Turkish firms. MPRA: Munich Personal RePEc Archive. http://mpra.ub.uni-muenchen.de/
10594/1/mpra_paper_10594.pdf.

Becchetti, L., & Trovato, G. (2002). The determinants of growth for small and medium sized
firms. The role of the availability of external finance. Small Business Economics, 19(4), 291–306.

2860 R. FIALA AND V. HEDIJA

http://mpra.ub.uni-muenchen.de/10594/1/mpra_paper_10594.pdf
http://mpra.ub.uni-muenchen.de/10594/1/mpra_paper_10594.pdf


Bel�as, J., Mach�a�cek, J., Barto�s, P., Hlawiczka, R., & Hud�akov�a, M. (2014). Business risks and
the level of entrepreneurial optimism among SME in the Czech and Slovak Republic.
Journal of Competitiveness, 6(2), 30–41. doi:10.7441/joc.2014.02.03

Bellak, C. (2004). How domestic and foreign firms differ and why does it Matter? Journal of
Economic Surveys, 18(4), 483–432. doi:10.1111/j.0950-0804.2004.00228.x

Bentzen, J., Madsen, E. S., & Smith, V. (2012). Do firms’ growth rates depend on firm size?
Small Business Economics, 39(4), 937–947. doi:10.1007/s11187-011-9341-8

Bottazzi, G., & Secchi, A. (2006). Gibrat’s law and diversification. Industrial and Corporate
Change, 15(5), 847–875. doi:10.1093/icc/dtl019

Buckley, P. J., Dunning, J. H., & Pearce, R. D. (1984). An analysis of the growth and profitability
of the world’s largest firms 1972 to 1977. Kyklos, 37(1), 3–26. doi:10.1111/j.1467-6435.1984.
tb00738.x

Calvo, J. L. (2006). Testing Gibrat’s law for small, young and innovating firms. Small Business
Economics, 26(2), 117–123. doi:10.1007/s11187-004-2135-5 doi:10.1007/s11187-004-2135-5

Chen, J. R., & Lu, W. C. (2003). Panel unit root tests of firm size and its growth. Applied
Economics Letters, 10(6), 343–345. doi:10.1080/1350485022000044075

Colley, T. F., & Quadrini, V. (2001). Financial markets and firm dynamics. American
Economic Review, 91(5), 1286–1310. doi:10.1257/aer.91.5.1286 doi:10.1257/aer.91.5.1286

Czech Statistical Office. (2016). Indexy spot�rebitelsk�ych cen - inflace - �casov�e �rady. Retrieved
from http://www.czso.cz/csu/redakce.nsf/i/isc_cr.

Daunfeldt, S. O., & Elert, N. (2013). When is Gibrat’s law a law? Small Business Economics,
41(1), 133–147. doi:10.1007/s11187-011-9404-x doi:10.1007/s11187-011-9404-x

Del Monte, A., & Papagni, E. (2003). R&D and the growth of firms: Empirical analysis of a
panel of Italian firms. Research Policy, 32(6), 1003–1014. doi:10.1016/S0048-7333(02)00107-5

Djankov, S., & Murrell, P. (2002). Enterprise restructuring in transition: A quantitative survey.
Journal of Economic Literature, 40(3), 739–792. doi:10.1257/jel.40.3.739

Donati, C. (2016). Firm growth and liquidity constraints: Evidence from the manufacturing
and service sectors in Italy. Applied Economics, 48(20), 1881–1892. doi:10.1080/00036846.
2015.1109044

Dunne, P., & Hughes, A. (1994). Age, size, growth and survival: UK companies in the 1980s.
The Journal of Industrial Economics, 42(2), 115–140. doi:10.2307/2950485

Estrin, S., Hanousek, J., Ko�cenda, E., & Svejnar, J. (2009). The effects of privatization and
ownership in transition economies. Journal of Economic Literature, 47(3), 699–728.
doi:10.1257/jel.47.3.699

Evans, D. S. (1987a). Tests of alternative theories of firm growth. Journal of Political Economy,
95(4), 657–674. doi:10.1086/261480

Evans, D. S. (1987b). The relationship between firm growth, size and age: Estimates for 100
manufacturing industries. The Journal of Industrial Economics, 35(4), 567–581. doi:10.2307/
2098588

Fagiolo, G., & Luzzi, A. (2006). Do liquidity constraints matter in explaining firm size and
growth? Some evidence from the Italian manufacturing industry. Industrial and Corporate
Change, 15(1), 1–39. doi:10.1093/icc/dtj001

Falk, M. (2008). Testing Gibrat’s law for European multinational enterprises. FIW Re-search
Report. http://www.fiw.ac.at/fileadmin/Documents/Publikationen/fiwstudie14.pdf.

Feizpour, M. A., Mahmoudi, V., & Soltani, E. (2010). The validity of Gibrat’s Law: Evidence
from manufacturing industry in Iran: 1995–1998. The International Business & Economics
Research Journal, 9(2), 33–36. doi:10.19030/iber.v9i2.519

Fiala, R. (2017). Testing convergence toward Gibrat’s law for Czech manufacturing firms.
Ekonomick�y �Casopis, 65(8), 737–750.

Fiala, R., & Hedija, V. (2015). The relationship between firm size and firm growth: The case of
the Czech Republic. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis,
63(5), 1639–1644. doi:10.11118/actaun201563051639

ECONOMIC RESEARCH-EKONOMSKA ISTRA�ZIVANJA 2861

https://doi.org/10.7441/joc.2014.02.03
https://doi.org/10.1111/j.0950-0804.2004.00228.x
https://doi.org/10.1007/s11187-011-9341-8
https://doi.org/10.1093/icc/dtl019
https://doi.org/10.1111/j.1467-6435.1984.tb00738.x
https://doi.org/10.1111/j.1467-6435.1984.tb00738.x
http://10.1007/s11187-004-2135-5
https://doi.org/10.1007/s11187-004-2135-5
https://doi.org/10.1080/1350485022000044075
http://10.1257/aer.91.5.1286
https://doi.org/10.1257/aer.91.5.1286
http://www.czso.cz/csu/redakce.nsf/i/isc_cr
http://10.1007/s11187-011-9404-x
https://doi.org/10.1007/s11187-011-9404-x
https://doi.org/10.1016/S0048-7333(02)00107-5
https://doi.org/10.1257/jel.40.3.739
https://doi.org/10.1080/00036846.2015.1109044
https://doi.org/10.1080/00036846.2015.1109044
https://doi.org/10.2307/2950485
https://doi.org/10.1257/jel.47.3.699
https://doi.org/10.1086/261480
https://doi.org/10.2307/2098588
https://doi.org/10.2307/2098588
https://doi.org/10.1093/icc/dtj001
http://www.fiw.ac.at/fileadmin/Documents/Publikationen/fiwstudie14.pdf
http://10.19030/iber.v9i2.519
https://doi.org/10.11118/actaun201563051639


Fujiwara, Y., Guilmi, C. D., Aoyama, H., Gallegati, M., & Souma, W. (2004). Do Pareto-Zipf
and Gibrat laws hold true? An analysis with European Firms. Physica A: Statistical
Mechanics and Its Applications, 335(1–2), 197–216. doi:10.1016/j.physa.2003.12.015

Gibrat, R. (1931). Les in�egalit�es �economiques. Librairie du Receuil Sirey, Paris.
Hall, B. H. (1987). The relationship between firm size and firm growth in the US manufacturing

sector. The Journal of Industrial Economics, 35(4), 583–606. doi:10.2307/2098589
Hamelin, A. (2013). Influence of family ownership on small business growth. Evidence from

French SMEs. Small Business Economics, 41(3), 563–579. doi:10.1007/s11187-012-9452-x
Hardwick, P., & Adams, M. (2002). Firm size and growth in the United Kingdom life insurance

industry. Journal of Risk & Insurance, 69(4), 577–593. doi:10.1111/1539-6975.00038
Hart, P. E., & Prais, S. E. (1956). The analysis of business concentration: A statistical approach.

Journal of the Royal Statistical Society, 119(2), 150–191. doi:10.2307/2342882
Haviernikov�a, K. (2016). The identification and classification of risks in terms of cluster cooper-

ation. In M. OkreRglicka (Ed.), Proceedings of the 1st international conference contemporary
issues in theory and practice of management (pp. 130–136). Czestochowa: Czestochowa
University of Technology.

Hedija. (2016). The validity of Gibrat’s law in individual sectors of Czech economy. In
D. Foris (Ed.), 3rd international multidisciplinary scientific conference on social sciences &
art SGEM (pp. 897–904). Sofia: STEF92 Technology Ltd.

Hult, G. T. M., Ketchen, D. J., Griffith, D. A., Chabowski, B. R., Hamman, M. K., Dykes, B. J.,
… Cavusgil, S. T. (2008). An assessment of the measurement of performance in
international business research. Journal of International Business Studies, 39(6), 1064–1080.
doi:10.1057/palgrave.jibs.8400398

Ivandi�c, N. (2015). Gibrat’s law and the impact of ownership: A case study of Croatia’s hotel
industry. Tourism Economics, 21(1), 105–120. doi:10.5367/te.2014.0439

Klette, J., & Griliches, Z. (2000). Empirical patterns of firm growth and R&D investment:
A quality ladder model interpretation. The Economic Journal, 110(463), 363–387.
doi:10.1111/1468-0297.00529

Leit~ao, J., Serrasqueiro, Z., & Nunes, P. M. (2010). Testing Gibrat’s law for listed Portuguese
companies: A quantile approach. International Research Journal of Finance and Economics,
37, 147–158.

Leitner, S. M. (2016). Financing constraints and firm growth in Emerging Europe. South East
European Journal of Economics and Business, 11(1), 18–40. doi:10.1515/jeb-2016-0002
doi:10.1515/jeb-2016-0002

Lensink, L., van Steen, P., & Sterken, E. (2005). Uncertainty and growth of the firm. Small
Business Economics, 24(4), 381–391. doi:10.1007/s11187-005-7121-z

Levratto, N., Tessier, L., & Zouikri, M. (2010). The determinants of growth for SMEs. A
longitudinal study of French manufacturing firms. Document de Travail Working Paper.
Retrieved from http://economix.fr/pdf/dt/2010/WP_EcoX_2010-28.pdf

L�ızal, L., & Svejnar, J. (2002). Investment, credit rationing, and the soft budget constraint:
Evidence from Czech panel data. Review of Economics and Statistics, 84(2), 353–370. doi:10.
1162/003465302317411596

Lotti, F., Santarelli, E., & Vivarelli, M. (2009). Defending Gibrat’s law as a long-run regularity.
Small Business Economics, 32(1), 31–44. doi:10.1007/s11187-007-9071-0

Mansfield, E. (1962). Entry, Gibrat’s law, innovation, and the growth of firms. The American
Economic Review, 59(5), 1023–1051.

Ministry of Industry and Trade. (2012). Small and medium enterprises support strategy
2014–2020. Retrieved from https://www.mpo.cz/assets/dokumenty/47605/54370/599917/
priloha001.pdf

Ministry of Industry and Trade. (2013). Finan�cn�ı anal�yza podnikov�e sf�ery se zam�e�ren�ım na
konkurenceschopnost sledovan�ych odv�etv�ı za rok 2012. Retrieved from http://www.mpo.cz/
dokument141226.html

2862 R. FIALA AND V. HEDIJA

https://doi.org/10.1016/j.physa.2003.12.015
https://doi.org/10.2307/2098589
https://doi.org/10.1007/s11187-012-9452-x
https://doi.org/10.1111/1539-6975.00038
https://doi.org/10.2307/2342882
https://doi.org/10.1057/palgrave.jibs.8400398
https://doi.org/10.5367/te.2014.0439
https://doi.org/10.1111/1468-0297.00529
http://10.1515/jeb-2016-0002
https://doi.org/10.1515/jeb-2016-0002
https://doi.org/10.1007/s11187-005-7121-z
http://economix.fr/pdf/dt/2010/WP_EcoX_2010-28.pdf
https://doi.org/10.1162/003465302317411596
https://doi.org/10.1162/003465302317411596
https://doi.org/10.1007/s11187-007-9071-0
https://www.mpo.cz/assets/dokumenty/47605/54370/599917/priloha001.pdf
https://www.mpo.cz/assets/dokumenty/47605/54370/599917/priloha001.pdf
http://www.mpo.cz/dokument141226.html
http://www.mpo.cz/dokument141226.html


Mukhopadhyay, A. K., & AmirKhalkhali, S. (2010). Profitability performance and firm size-
growth relationship. Journal of Business & Economics Research, 8(9), 121–126. doi:10.19030/
jber.v8i9.764

Nassar, I. A., Almsafir, M. K., & Al-Mahrouq, M. H. (2014). The validity of Gibrat’s law in
developed and developing countries (2008-2013): Comparison based assessment. Procedia -
Social and Behavioral Sciences, 129, 266–273. doi:10.1016/j.sbspro.2014.03.676 doi:10.1016/j.
sbspro.2014.03.676

Oliveira, B., & Fortunato, A. (2006a). Testing Gibrat�s law: Empirical evidence from a panel of
Portuguese manufacturing firms. International Journal of the Economics of Business, 13(1),
65–81. doi:10.1080/13571510500519996

Oliveira, B., & Fortunato, A. (2006b). Firm growth and liquidity constraints: A dynamic
analysis. Small Business Economics, 27(2–3), 139–156. doi:10.1007/s11187-006-0006-y

Park, K., & Jang, S. (2010). Firm growth patterns: Examining the associations with firm size
and internationalization. International Journal of Hospitality Management, 29(3), 368–377.
doi:10.1016/j.ijhm.2009.10.026

Peric, M., & Vitezic, V. (2016). Impact of global economic crisis on firm growth. Small
Business Economics, 46(1), 1–12. doi:10.1007/s11187-015-9671-z

Pfaffermayr, M., & Bellak, C. (2000). Why foreign-owned firms are different: A conceptual
framework and empirical evidence for Austria. In E. Jungnickel (Ed.), Foreign-owned firms:
Are they different? (pp. 13–57). New York, NY: Palgrave Macmillan.

Santarelli, E., Klomp, L., & Thurik, A. R. (2006). Gibrat’s Law: An overview of the empirical
literature. In E. Santarelli, (Ed.), Entrepreneurship, growth, and innovation: The dynamics of
firms and industries (pp. 41–73). New York: Springer.

Simon, H. A., & Bonini, C. P. (1958). The size distribution of business firms. American
Economic Review, 48(4), 607–617.

�Si�ska, L. (2009). How to evaluate economic successfulness of an enterprise. In P. Jedli�cka
(Ed.), Hradecke ekonomicke dny 2009 (pp. 306–312). Hradec Kr�alov�e: Gaudeamus.

�S�ubertov�a, E., & Mesz�aro�sov�a, Z. (2015). Comparison of perception of external influences
on family businesses in the Slovak Republic and in selected European country. In
E. Pastuszkov�a, et al. (Eds.), Proceedings of the 7th international scientific conference finance
and performance of firms in science, education and practice (pp. 1511–1523). Zl�ın: Tomas
Bata University.

Tang, A. (2015). Does Gibrat’s law hold for Swedish energy firms? Empirical Economics, 49(2),
659–674. doi:10.1007/s00181-014-0883-x

Teruel-Carrizosa, M. (2010). Gibrat’s law and the learning process. Small Business Economics,
34(4), 355–373. doi:10.1007/s11187-008-9127-9

Trimbath, S. (2006). Financial ratios in quantitative data analysis: A practical guide. In
Z. Hoque (Ed.), Methodological issues in accounting research: Theories, methods and issues
(pp. 411–425). London: Spiramus Press.

Variyam, J. N., & Kraybill, D. S. (1992). Empirical evidence on determinants of firm growth.
Economics Letters, 38(1), 31–36. doi:10.1016/0165-1765(92)90157-T

ECONOMIC RESEARCH-EKONOMSKA ISTRA�ZIVANJA 2863

http://10.19030/jber.v8i9.764
http://10.19030/jber.v8i9.764
http://10.1016/j.sbspro.2014.03.676
https://doi.org/10.1016/j.sbspro.2014.03.676
https://doi.org/10.1016/j.sbspro.2014.03.676
https://doi.org/10.1080/13571510500519996
https://doi.org/10.1007/s11187-006-0006-y
https://doi.org/10.1016/j.ijhm.2009.10.026
https://doi.org/10.1007/s11187-015-9671-z
https://doi.org/10.1007/s00181-014-0883-x
https://doi.org/10.1007/s11187-008-9127-9
https://doi.org/10.1016/0165-1765(92)90157-T

	Abstract
	Introduction
	Literature review
	Data and methodology
	Results and discussion
	Conclusion
	Disclosure statement
	References


