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ABSTARCT.
This paper investigates the relationship among firm growth, size, and behavior,
such as R&D activity, on the data based 4-digit International Standard of Industrial
Classification (ISIC) of firms in the Iranian electronics industry over the period of
1995-2011. The study applies a way Using GMM method to control endogeneity of
R&D to verify the validity of Gibrat's law in the Iranian electronics industry. Results
show that firm size has a negative effect on firm growth in the case of Iranian
electronics firms Therefore our results reject the Gibrat’s law. Indeed, According to
this law, firm growth rates ought to be a random process and therefore should be
independent of firm size. According to the other finding of the present paper, an
increase in R&D induces a higher growth rate. So the measures adopted by the
government to encourage firms to commit to R&D should be reconsidered for firms
in the Iranian electronics industry.
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1.

Introduction

The relationship between firm growth and firm size has traditionally been a major issue in the theoretical as
well as the empirical literature on firms. The literature on firm size and firm growth is interpreted with "Gibrat
law" which called also the "law of proportionate effect". Indeed, firm growth rates ought to be a random process
and therefore should be independent of firm size, which would inevitably produce a lognormal distribution for
firm size. This result became known as Gibrat’s law (Barbosa and Eiriz, 2011). Since the formulation of
Gibrat's law in 1931, the literature on determinants of growth has increased. This law assumes that firm size has
no systematic effect on the growth rate of firms (the expected growth rate is the same for all size classes of
firms). This law indicates that size cannot be an only cause for concern in establishing policy programs to
promote firms (Wagner, 1992). According to this law, the probability of a given proportionate change in size
during a specified period is the same for all firms in a given industry regardless of their size at the beginning of
the period (Mansfield, 1962).This means that growth rate should be independent of firm size. Several ﬁndings
lend support to this law. The older literature believed that growth is independent of size; The results of Hymer
and Pashigian (1962) tests suggest that no relation existed between size of firm and mean growth rate from
1946 to 1955; also Klette and Griliches (2000) showed that firm growth is roughly independent of firm size (the
so-called Gibrat's law). In contrast subsequent studies found a statistically significant relationship between
growth and current size, some found a negative relationship between firm growth and size, and the other studies
found a positive correlation. Based on some studies, smaller firms enjoy higher growth than their larger
counterparts. Sutton (1997), in reviewing work stemming from Gibrat, found that firms’ growth rates tend to
fall when firm size increases; Hart and Oulton (1996) showed that growth is negatively related to initial size.
In addition, the efficacy of innovation on firm growth has been of great interest to both theoretical and
empirical scholars. In recent years, the increased role of innovation as one of the main factors of firm growth
has been indicated in empirical and theoretical works. According to Coad (2009) when discussing the
relationship between innovation and firm growth, however, it is meaningful to distinguish between employment
growth and sales growth. Employment growth is considered as input, while sales growth is an output. Firms and
strategies are usually more concerned about the impact of innovation on sales growth. Firm growth often looks
like a random walk (Demirel, Mazzucato, 2010, pp 4). Although a large number of applied papers found a
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positive relationship between innovation and firm growth, a multidimensional approach is required to examine
the contribution of innovations and R&D on firm growth. The impact of innovation (R&D) on growth is indeed
different for various types of firms such as slow and fast growing ones (Demirel, Mazzucato, 2010, pp 4).
According to OECD (2010), innovation is a key factor in high growth of firms. Ho et al (2006) found in their
researches that R&D investment have strong positive effect on firm's growth opportunities. To summarize, we
can consider that product innovations generally leave positive impacts on employment, whilst the role of
process innovations is more ambiguous (Coad, 2007, pp 23). This paper presents a brief review of the
theoretical and empirical literature about effects of R&D and firm size on firm growth. This study investigates
Gibrat's law for Iran's electronics industries, and panel data approach will be used to this end.
The aim of this study is test of validity of Gibrat's law that postulates the growth of firms as a random process,
meaning that a firm growth does not depend on its previous size. A growing number of empirical studies
indicates two main conclusions. On one hand, in larger firms, there is not any relationship between size and
firm growth and it shows Gibrat's law holds true. The Gibrat hypothesis, however, is not confirmed for small
firms. This study does not distinguish firms to small and large, and just examines relationship between size and
growth of firms. Indeed, this paper aims to examine factors that have contributed to the growth rate of firms in
Iran's electronics industry. Based on a panel data of firms in Iranian electronics industry over the period of
1995-2011, this study concentrates mainly on the relationship among R&D, firm size and its growth.
, Generalized Method of Moments (GMM) technique is used in this the study in order to estimate the
endogenous R&D investments of firms. The empirical results show that R&D has a positive impact on firm
growth in Iran’s electronics industry. This study also found that growth rate decreases with firm size, which
negates what the Gibrat's law holds.
The current paper proceeds with several studies and research activities described about firm growth in section 2.
Next Section presents the Model specification and estimation technique as well as data source. In Section 4, the
estimation and empirical results are reported as findings; and section 5, finally, puts forth conclusion of the
study.

2.

Empirical Literature and Research activity about firm growth

Several empirical investigations have been conducted to determine whether GIBRATs Law holds true, and
whether firm growth rates are independent of firm size .Also some studies are reviewed in this section which
examine the relation between R&D and firm performances (growth).
Evans (1987) used a sample of all firms operating in 100 manufacturing industries of US between 1976 and
1980 with a static estimation framework to examine some aspects of firm dynamics. He found that firm growth
decreases at a diminishing rate with firm size. Gibrat's Law, therefore, fails although the severity of the failure
decreases with firm size.
Wagner (1992) tested the validity of GIBRAT's Law of proportionate growth, using data for 7000
manufacturing establishments from Lower Saxony for 1978—1989 with a panel data. He found that small firms
grew systematically faster or slower than larger firms, or vice versa. It, thus, indicates the law is only valid for
very few groups of firms in some of the periods covered.
Weiss (1998) investigated the evolution of the size distribution of more than 40,000 firms in the Upper Austrian
farm sector over the period 1980–90 using a panel data. He found that smaller farms grow much faster towards
some minimum efficient scale of production than farms at or above this threshold size.
Monte and Papagni (2003) surveyed a sample of 500 firms from Italian manufacturing industry with time series
within 1989–1997. They wanted to know if the firm size significantly affects firm growth. They showed that the
sales growth rate of firms with R&D is higher than that of firms without R&D. The test confirms Gibrat’s Law
which maintains firm size has a stochastic trend.
Johansson (2004) used annual data for firms in the Swedish IT industry over 1993-1998 with a panel data
approach. Firm growth decreases with firm size as well as its age which rejects Gibrat's law.
Jamali and nor (2005) focused on growth of Iran’s manufacturing sector with regard to large firms and small
and medium enterprises (SMEs). They analyzed the factors that have had an effect on the firms’ growth by
using GMM model over the period of 1995-2002.The evidences suggest that some elements such as growth in
previous year, minimum efficient scale, total factor productivity, import and export, capital–labour ratio,
technology usage, sunk cost and age affect firms’ growth in both SMEs and large firms.
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Lensink et al (2005) used data on 811 Dutch firms for years 1995 and 1999 for estimates dealing with Gibrat's
law with separate multinomial logit regression. Generally speaking, they found that the analysis of firm size
does not represent any clear picture. Indeed firm growth is independent of firm size.
Yasuda (2005) examined the relationship among firm growth, size, age, and behavior, Such as R&D activity
and subcontracting, based on the data of nearly 14,000 Japanese manufacturing firms between ―1992-1993‖
with a panel data model. He found that the negative effects of firm size and age on firm growth are confirmed in
the case of Japanese manufacturing firms. He found also that subcontracting has no significant effect on firm
growth.
Chih-Hai Yang (2005) documented the relationship among R&D, firm size, and growth rate for a panel data of
Taiwanese electronics firms over the period of 1992–1998. The main finding was that an increase in R&D
induces a higher growth rate and this impact is particularly more significant for small firms.
Zhao (2006), in his thesis, examined dependence of firm's growth rate on firm's size by the regression method
and the panel data from seven European enterprises. Empirical results rejected the existence of Gibrat's Law.
Coad and Rao (2007) applied a panel vector autoregression model to US manufacturing firms longitudinal
database to observe the co-evolution of sales growth, employment growth, profits growth and growth of R&D
expenditure for the years 1974, 1984, 1994, 2004. Contrary to expectations, they found that profit growth seems
to have little detectable effect on R&D investment. Instead, firms appear to increase their total R&D
expenditure following growth in sales and employment.
Coad and Rao (2007) also analysed the relationship between innovation and sales growth for incumbent firms
in high-tech sectors in period of 1960-2005. Using a quantile regression approach, they observed that
innovation is of crucial importance for a handful of fast-growth firms.
Feizpour et al (2010) by using transition matrices have shown that Gibrat’s Law is rejected for manufacturing
plants in Iran over the period of 1995-98. They found that size is an important variable in the study of plant
growth for manufacturing industries in Iran.
In a study over small and large publicly quoted US pharmaceutical firms between 1950 and 2008 using a panel
data, Demirel (2010) examined effects of innovation on firm growth. He observed that the positive impact of
R&D on firm growth is highly conditional upon a combination of firm characteristics such as firm size,
patenting and persistence in patenting.
Rogers et al (2010) in an article analyzed the growth rates of the complete population of UK- registered firms
for the period of 2001 to 2005 using a panel data. They estimated Gibrat’s law by deciles of the firm size
distribution. The main finding was that smaller firms grow faster than larger ones.
BARBOSA and EIRIZ (2011) analyzed the patterns of growth in manufacturing firms across Portuguese
regions. Using an extensive dataset of Portuguese manufacturing firms and applying parametric and semiparametric approaches over the period of 2000–2004, they found that in eleven of the eighteen analyzed
regions, firm growth is related to firm size and therefore firms have no equal probabilities of attaining a
particular growth rate within any given period.
Daunfeldt and Elert (2011) tested Gibrat’s law with using a dataset that consisted of all limited firms in ﬁvedigit NACE-industries in Sweden during 1998–2004 using an ordinary least-square. They found that the results
reject Gibrat’s law on an aggregate level, since small firms grow faster than large ones. They also found that the
industry context—e.g., minimum efficient scale, market concentration rate, and number of young firms in the
industry—matters for whether Gibrat’s law is rejected or not.
Czarnitzki and Delanote (2012) in a study surveyed that whether Young Innovative Companies, as deﬁned by
the EU, grow more than other firms both in terms of employment and sales. Using a database of Flemish firms
over the years 2001-2008 reveals that these firms do grow significantly more than other firms. The results of
their quantile regressions reveal that Young Innovative Companies especially grow faster than the other,
already fast-growing firms, indicating that they are high performers.
García-Manjón and Romero-Merino (2012) have presented a model of endogenous firm growth with R&D
investment as one of the main mechanisms of growth and their study indicated a positive effect of R&D
intensity on the sales growth by using OLS, quantile regressions, and GMM system estimators for a sample of
754 European firms for the 2003–2007 period. They also found that this association is more intense in highgrowth firms and is especially significant when referring to high-technology sector.
Sadraei Javaheri (2012) used a dynamic approach to investigate the relationship between firm size and its
growth rate for Iranian insurance firms during 2003-2009. The study examined it in two ways, first to consider
the independence of two important attributes of firms including firm size and growth rates. The second way is
based on a panel regression estimation. The results of the study reject the validity of Gibrat’s law and indicate
the fact that small firms grow faster than their larger counterparts.
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Sadraei Javaheri (2013) analysed the relationship between size and growth of firms in Iranian food and
beverage industry over the period of 1997-2007 adopting a panel data approach. He tested Validity of the theory
Gibrat's law in two groups of small and large firms. Results show that Gibrat’s law has been rejected, and also
small firms grow faster than large ones.
Nassar et al (2014) investigated about 50 papers in the case of the validity of Gibrat’s Law in developing
countries compared to developed countries in period of 2008-2013. They found that Gibrat’s Law fails to hold
true in most of the manufacturing sector, while it is valid for the service sector. Also, most of the empirical
studies that have been applied in the developed countries rejected the Gibrat’s Law.
Navaretti et al (2014) provided new insights into the dependence of firm growth on age. Using data from the
European firms in a global economy survey and adopting a quantile regression approach, they uncovered
evidences for a sample of French, Italian and Spanish manufacturing firms with more than ten employees in the
period from 2001 to 2008. Based on their findings, young firms grow faster than old ones, especially in the
highest growth quantiles, and the effect of age on firm growth is rather similar across countries.
Capasso et al (2014) studied the medium-term effect of R&D expenditure on firm employment growth. Four
cross-sectional waves of an innovation survey conducted in the Netherlands have been used to evaluate the
abovementioned effect on firm growth in the period from 1996 to 2002. Panel data fixed effect techniques
indicate a positive influence of R&D on growth.
Deschryvere (2014) analyzed how the relationship between R&D and firm growth varies within continuous and
occasional innovators for a sample of Finnish firms between 1998 and 2008 using a vector auto-regression
model. He found that only continuous product and process innovators show positive associations between R&D
growth and sales growth. Also the links between sales growth and subsequent R&D growth were stronger for
continuous innovators than for occasional ones.
Segarra and Mercedes (2014) used an extensive sample of Spanish manufacturing and service firms covering
the period of 2004–2008. Using a probit model and a quantile regression technique, they showed that R&D
investments positively affect the probability of becoming a high-growth firm.
Triguero et al (2014) used a GMM-system estimator to study the importance of persistence of product and
process innovation on employment growth in Spanish manufacturing ﬁrms during 1990–2008. The empirical
results indicated that process innovation measures show a positive effect on employment, while the effect of
product innovation is positive but not significant.

3.

Model speciﬁcation and estimation technique, and data source

According to Gibrat’s law, we can explain the growth of firms in the following framework:
1 (1)
Where
is the firm size at time t, e.g. employment or sales,
is a random variable that is independently
distributed of
. Assuming that the initial size is
and there are n steps before the ﬁnal size
reached, then summing up gives: (Yang and Huang, 2005, p. 479)

is

(2)
For short-time intervals the value of

is probably small, and (2) can be approximated as:
(3)

Which gives:
(4)
Equation (4) is equipment to:
(5)
Assuming that log

and

are identically distributed with mean

and variance

, then by the central limit

theorem, it follows that
as
. Therefore, the distribution of
is lognormal with
the implication that the expected value and variance increase over time.
Yang and Huang model is an extensive model of Evans (1987). According Evans model, the firm growth
relationship for firm i in period t+1 is a function of size and age. Due to unavailability of AGE variable data in
Iranian firms, this variable is removed in the current model.
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Yang and Huang extensive model:

(6)
The empirical model used in this study without Age variable is:
(7)
In Eq. (8), firm size is measured by the number of employees (SIZE) in logarithmic terms. When Gibrat’s law
holds true, the firm size is independent from its growth. Many researchers have emphasized to the role of R&D
on firm growth. RDS represents R&D intensity, which is measured as the R&D expenditure to sales ratio.
Adamos and Subash (2008) found that firms with higher R&D intensity ratios (i.e. R&D/sales) grow faster.
This study measures a firm’s capital intensity (KL) as the log of the value of investments to total employment.
LP represents labor productivity, which is defined as the log of sales per worker.
This data is taken from the Statistical Centre of Iran (SCI) based on 4-digit International Standard of Industrial
Classification (ISIC) of firms in electronics industry within seventeen different years from 1995 until 2011.
This paper is aimed at contributing to the growth rate of firms in Iran’s electronics industry. This study
concentrates on the relationship among R&D, firm size and growth. To account for the endogeneity of R&D
investment, an estimation approach of Generalized Method of Moments (GMM) was employed this study.
Table 1 reports the summary statistics for the variable used in the regression analysis.
Table 1. variable definition and summary statistics
variable
definition
mean
Standard deviation
overall
1.311815
Employment
GR
0.1994137
Between
0.2526186
growth
within
1.288711
overall
1.484259
Logarithm of
lnsize
8.047194
Between
1.412846
employment
within
0.5160946
overall
23.15738
Lnsize2
lnSIZE squared
66.95407
Between
22.12671
within
7.841125
overall
0.0082375
R&D expenditure
RDS
0.0025032
Between
0.0043307
to sales ratio
within
0.0070598
overall
5.670034
Logarithm of the
Lnlp
9.166432
Between
1.05048
capital–labor ratio
within
5.603339
overall
3.736142
Logarithm of sales
lnkl
-1.312737
Between
0.3933481
per worker
within
3.716558
Source: The research finding
The growth rate is based on the one-year interval.

4.

Empirical results

In order to estimate coefficients of panel data, it is necessary to carry out correlation and unit root tests for
dependent and independent variables.

variable
Lnsize
Lnsize2

Table 2. correlation test
vif
54.87
54.97
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RDS
Lnlp
lnkl

1.10
1.30
1.24
Source: The research finding

0.906303
0.771237
0.806791

As you can see in above table, two variables (lnsize and lnsize2) are correlated which can be solved by using
Difference of lnsize2 (dlnsize2).
Table 3. unit root test (Fisher-type unit-root test)
Inverse chi-squared(42)
Statistic
Lnsize
86.5781
dLnsize2
322.5998
RDS
114.0206
Lnlp
35.1165
Lnkl
9.9771
Source: The research finding

p-value
0.0001
0.0000
0.0000
0.7651
1.0000

According to table 3, two variables (lnlp and lnkl) have unit root. Through using demean, cross-sectional means
are removed in stata. Demean requests that xt unit root ﬁrst subtract the cross-sectional averages from the
series. Levin, Lin, and Chu put that this procedure mitigates the impact of cross-sectional dependence
(stata.com/xtunitroot). According to this approach, there are no unit roots in variables used under the given test
conditions (table 4).
Table 4. unit root test (Fisher-type unit-root test-demean)
Inverse chi-squared(42)
Statistic
Lnlp
98.2364
Lnkl
79.1186
Source: The research finding

p-value
0.0000
0.0005

After doing above tests, it is necessary to do determination tests of fixed effect,random effect, and pooled OLS.
Tests of F-limer, breusch pagan, and hausman have been done by using STATA 12. First F-Limer test was used
to choose between the common effects and fixed effects models. Breusch pagan tests pooled regression against
the random-effect model. The random effect model is appropriate if the hypothesis of ―the variance of groups
equals to zero‖ is rejected, (Baltagi 2001). Hausman test, then, is needed if both fixed and random effects are
found.
Table 5. f-limer test
F(20, 300)
Prob > F
result of F-limer test
2.14
0.0035
Reject the null hypothesis
Source: The research finding
Null hypothesis in f-limer test indicates that pooled data explains better the dependent variable. According to fLimer test at table (5) and with regard to P-value 0.05 so, null hypothesis for polling model is rejected, while
fixed effects is accepted.
Table 6. Breusch and Pagan Lagrangian multiplier test for random effects
chibar2(01)
Prob > chibar2
result of breusch pagan test
4.44
0.0176
Reject the null hypothesis
Source: The research finding
According to Breusch pagan tests (table 6), null hypothesis has been rejected, and random effects are accepted.
The null hypothesis of Hausman test is that the coefficients estimated by the efficient random effects estimators
are same as the ones expected by the consistent estimator. If the null hypothesis is rejected, the RE model is
efficient.
Table 7. Hausman test
chi2(5)
Prob>chi2
result of Hausman test
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16.89

0.0047
Source: The research finding

Reject the null hypothesis

As table 7 indicates, the null hypothesis is rejected, meaning that the fixed effects estimator is correct. This
study estimates a dynamic panel data model using a Generalized Method of Moments (GMM) estimator with
instrumental variables. The validity of instrumental variables is checked by using the Sargan test for overidentifying restrictions. The model specification is accepted when the estimation fails to reject the null
hypothesis that the instrumental variables are valid.

chi2(104)
14.90021

Table 8. Sargan test of overidentifying restrictions
Prob > chi2
result of Sargan test
1.0000
accept the null hypothesis
Source: The research finding

According to table 8, the use of instrumental variables in model is necessary. Assuming that the preset R&D
intensity constitutes valid instruments, one-year lagged R&D intensity was used as an instrument.1 A series of
panel data estimations are presented in Table 9.

Variable
Lnsize
Dlnsize2
RDS
lnlp
lnkl

Coefficient
-0.1865819
0.1915734
26.48876
0.0191152
0.0114088

Table 9. Estimation results
Std. Error
t-statistic
0.0140788
-13.25
0.0016956
112.98
2.683908
9.87
0.0028496
6.71
0.0033448
3.41
Source: The research finding

Prob
0.000
0.000
0.000
0.000
0.001

Given the above results, size has a negative impact on growth of Iranian electronics industry firms, rejecting the
Gibrat's law. Moreover, the squared term of lnsize is positive and significant. The coefficient of RDS is positive
and significant, consistent with most previous works. R&D is an important factor influencing the firm dynamic
for Iranian electronics firms. This is also an encouraging result for the government that has devoted large
amounts of resources to stimulate R&D intensity of firms. Furthermore, the signs of lnKL and lnLP are also
positive and signiﬁcant.
Autocorrelation test results confirm that autocorrelation in considering the first differences could not be
regarded as major. Also there are no second order autocorrelation in regression. The results are reported in the
following table 10.
Table 10. Arellano-Bond test for zero autocorrelation in first-differenced errors
order
z
Prob > z
1
-2.392
0.0168
2
-1.9045
0.0568
Source: The research finding

5.

Conclusion

In this paper, the relationship among the firm growth rate, size, and R&D in the Iranian electronics industry
firms was analyzed using a panel data conducted by the Statistical Centre of Iran for the period of 1995-2011.
As mentioned earlier, the weak form of Gibrat’s law suggests that the expected growth is independent of firm
size. Based on the results obtained here, firm size has a significant negative effect on firm growth. The results
of this paper revealed also that contrary assumed by Gibrat’s Law, growth rates for a given are not independent,

1

The chi-square test shows that the results of using the alternative instruments made little difference and we were able
to accept the validity of lag-1 R&D intensity as instruments
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and indeed the evidence reported here shows that there are strong departures from Gibrat's law and this law fails
to hold true.
The GMM approach was employed here to control the endogeneity of R&D in order to investigate the role
played by R&D on the growth rate of firms in Iran’s electronics industry. R&D has a significant positive effect
on firm growth in the Iranian electronics industry and it raises the growth rate considerably. It testifies that
more R&D efforts in firms enable them to have a better performance in terms of firm growth. This is also an
encouraging result for the government that has devoted large amounts of resources to stimulate firms’ R&D
intensity.
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