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ABSTRACT KEYWORDS
Investment in R&D is essential for the survival and growth of State owned enterprises;
organizations. Recent literature has focused on the study of effects innovation; growth; sales;

of R&D on the growth of private companies. However, there is no public innovation
research studying the effects of R&D on the growth of Latin JEL
American public companies. This paper estimates, using an endo- 132; 032; 054
genous growth model, the effect of investments in R&D on sales

growth in public enterprises of Ecuador. Data corresponding to a

sample of 86 public companies have been taken from the Survey

of Activities of Science and Technology (ACTI) of Ecuador for the

period 2012 to 2014. These data are estimated by OLS. The results

show that there is a statistically significant positive relation

between investment in research and development and the growth

of sales in public companies.

1. Introduction

Economic and business growth is one of the main topics of study in business literature
(Garcia and Romero 2012; Geroski 2005; King and Levine 1993; Morbey and Reithner
1990), as well as in economic development literature (Abramovitz 1956, 1994; Kuznets
1973). Social studies of science have analysed the nature of scientific research and its fruitful
effects for innovation and employment and the economic growth of nations (Coccia 2017).
The explanations for the growth of organizations and countries are varied, focusing on the
importance of research, development and innovation (Schumpeter 1947; Brenner and
Rushton 1989; Morbey and Reithner 1990; Garcia and Romero 2012), technical change
(Solow 1957; Dosi et al. 1988), technology (Damanpour 1987; Freeman 1989; Arduini et al.
2010) and employment (Vivarelli 2014).

Despite the importance of innovation for survival and growth in organizations
(Schumpeter 1947), within the knowledge economy (David and Foray 2002;
Mohamed 2011), few studies have focused on the study of R&D in state-owned
enterprises (SOE). Most research on SOEs have focused on efficiency and privatization
issues (Vining and Boardman 1992; Omran 2004; Goldeng, Griinfeld, and Benito 2008),
structure and concentration (Choi, Park, and Hong 2012), contribution by SOE R&D to
industry (Hu and Jefferson 2004), the role of Foreign Direct Investment to R&D in SOE
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(Girma, Gong, and Gorg 2009), the role of EPE in R&D&I (Tonurist 2015). In Ecuador,
there are no previous studies on the impact of R&D on the growth of state-owned
enterprises.

In recent years, interest in SOEs has emerged as an important economic agent, being
considered as instruments of economic policy in strategic sectors (Bernier 2014), thus
focusing on R&D investments (Florio 2014a; Bernier 2014) and contributing to eco-
nomic development (SENPLADES 2013). In the case of Latin America, the R&D study
of SOEs is relevant because the business community consists mainly of SMEs with
difficulties accessing financing, and private R&D activities are concentrated in a few
companies (Botella and Sudrez 2012). R&D is scarce at the private level, public R&D
being important as a strategy to improve industrial productivity and national competi-
tiveness (IBD 2010).

In this sense, the objective of this work is to contribute to the analysis on the
variables that influence the growth of SOEs, focusing on the effect of the investment
in R&D on the growth of sales in the SOE from Ecuador. To meet this aim, based on
the literature review, a model is proposed that allows measuring the impact of R&D on
the growth of state-owned enterprises in Ecuador. Once the model is estimated,
recommendations will be made on the results obtained. This research contributes to
the existing literature, as it is the first time that the impact of R&D investments on the
growth of state-owned enterprises in Ecuador is analysed. Previous work has analysed
the impact of R&D on the growth of income in private companies (Brenner and
Rushton 1989; Garcia and Romero 2012); however, this work differs from those cited.
Firstly, this work chose state-owned enterprises in Ecuador. In addition, in the pro-
posed model, the variable of Investment in fixed capital is included, which had not been
considered in previous literature.

The work is structured as follows: section 2 contains a review of the previous
literature related to this research. Section 3 presents a description of the data and
methodology used. Section 4 shows the results and their analysis. Finally, section 5
contains some conclusions and recommendations.

2. Theoretical framework
2.1. State-owned companies

Our definition of SOE falls within the OECD definition (2016), which is based on
entities’ corporate forms, commercial orientation and degree of state ownership
and control. In this paper, we assume that an SOE is any corporate entity
recognised by national law as an enterprise, and in which the state exercises
ownership (OECD 2016, 18).

The definition currently proposed by the OECD for State-Owned Enterprises, does
not consider only those where the state is the ultimate beneficiary, the owner of
majority of company’s shares, as public enterprises. It also includes those where the
State, by institutional or legal arrangements, has strong control over the organization
and directs it to the convenience of state interests, even if it is not the major owner
(OECD 2016).
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Traditional definitions consider SOEs as economic organizations with the following
characteristics: a) owned or co-owned by the national or local government; b) inter-
nalize a public mission among their objectives; ¢) have partial or total budgetary
autonomy; d) show discretion in management; e) are committed to business activities;
F) privatization could be possible, but for various reasons is not an option (Short 1984;
Florio 2014a). According to Short (1984) the factors that contribute to the development
of SOEs are: i) socialist policies; ii) political and historical factors; iii) pursuit of socio-
economic objectives; iv) structural factors.

In this context, SOE can be an instrument to correct market failures, particularly in
countries with regulatory weaknesses or where the private sector is insufficient
(Kowalski et al. 2013). In the case of Latin American research, the Inter-American
Development Bank (IDB) highlights the poor capacity of the private sector to generate
and assimilate research and development results, making the public sector the main
R&D generator (IBD 2010).

The public sector is generally seen as inappropriate to innovation, full of rules and
adverse to risk (Bernier 2014). Traditionally it has been argued that public sector
institutions are monopolies with no pressures to compete and innovate (Borins 2002).
On the other hand, the lack of control of the owners, in this case the citizens, does not
allow an exit from the investment, so that SOEs may not have incentives to increase
their performance to obtain rewards of innovation (Tonurist 2015). With these con-
siderations usually presenting a negative image of SOEs, literature traditionally tends to
ignore innovation as an objective or minimizes its role within the SOE; it is not taken
into consideration how SOEs affect other organizations in achieving objectives of R&D
or innovation (Tonurist 2015). This negative image served to strengthen the privatiza-
tion processes of SOEs during the 1990s (Bezes et al. 2012; Hood 1995; Omran 2004), as
well as the disappearance of R&D units within the SOE and public Research Institutes
(Acha and Balazs 1999).

Recently, several SOEs have been created or strengthened as industrial policy instru-
ments in strategic sectors, supporting high levels of R&D investment (Bernier 2014;
Florio 2014a), fostering rising industries where the private sector would not take the
risk (Kowalski et al. 2013; Chang 2002). Even more so after the crisis of 2008 (Florio
2014b; Tonurist 2015), these are constituted for different reasons, but mainly for the
achievement of large national objectives linked to development in strategic sectors and
social benefit (Tonurist 2015; SENPLADES 2013).

This concept is not new, it was used in Latin America in the 70’s through the
application of an Import Substitution Model (Prebisch 1950). It highlights the role of
the State as an active element in industrial policy to eliminate asymmetries created by
international trade and the international division of labour, thus seeking the develop-
ment of the Region (Prebisch 1950). It is based on the logic that market failures and the
supply of certain goods can be addressed through public regulation (Koppell 2007;
Prebisch 1963), a mechanism also used by Asian economies during their development
phase (Hu and Jefferson 2004; Tonurist 2015; Choi, Park, and Hong 2012); in the
Chinese case maintaining control over strategic industries, building them and directing
capital for investment (Chan and Rosenbloom 2009). In western SOEs, it is related to
the maintenance of a vital industry, to secure property rights, non-commercial value
and income from these industries (MacAvoy et al. 1989).
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Despite the resurgence of SOEs as important elements for development objectives of
several countries (Chang 2007), the strength of SOE research has focused on privatiza-
tion and its results (Bezes et al. 2012; Omran 2004; Hood 1995; Pollitt 2003), economic
reforms in state enterprises (Li 1997), type of ownership, competence and enterprise
efficiency (Vining and Boardman 1992; Bartel and Harrison 2005), commercial effects
(Kowalski et al. 2013). However, there are few papers focused on R&D of SOEs.

2.2. R&D in public enterprises

There is a common assumption between managers and directors of both state-owned
enterprises and private companies. R&D and innovation activities play an important role
in technical change and in the performance of technological innovation (Hoskisson et al.
2002; Choi, Park, and Hong 2012), supporting economic growth and development (Solow
1957; Aghion, David, and Foray 2009; Schumpeter 1947, 1934). Investment in R&D is a
key factor in generating innovation (Gopalakrishnan and Damanpour 1997; Hoskisson
et al. 2002), it improves the productivity of firms, industries and supports economic
growth in countries (Terleckyj 1980; Schumpeter 1934, 1947; Morbey and Reithner 1990).

R&D has become an important factor in the innovation process of state-owned and
private enterprises. For this reason, developed and developing countries are making
efforts to generate indicators for measuring R&D efforts (OECD 2002). However, the
generation of indicators of R&D results (output) is more complicated (Acha and Balazs
1999). A good alternative for the measuring R&D and its impact is through annual
expenditure on R&D activities (OECD 2002; Acha and Balazs 1999).

Previous work has focused on measuring the contribution of R&D to economic or
productivity growth, through production functions; that is to say, to include R&D
expenditure as a production factor similar to land, labour, capital and others, this
approach can be seen in (Griliches 1979; Terleckyj 1980; Griliches and Mairesse
1984). This kind of analysis has been used at different levels: firms (Griliches and
Mairesse 1984), industries (Terleckyj 1980; Garcia and Romero 2012), and countries
(Solow 1957; Griliches 1979).

According to Griliches (1979), two approaches have been traditionally used to
measure the contribution of R&D investment to economic growth: i) historical case
studies; ii) econometric estimation of the production function including the R&D
variable. The second method seeks to abandon the details of specific events and focus
on the total result or the total productivity of factors as a function of investment in
R&D and other variables (Griliches 1979). Thus, the entire increase in productivity is
related to R&D expenditures and an attempt is made to estimate statistically the part of
productivity growth that can be attributed to R&D. This is a valid and available method
for measuring the contribution of R&D. It has been used in several papers such as
(Griliches 1979; Hu and Jefferson 2004; Terleckyj, 1980).

Regarding R&D measurement in state-owned enterprises, previous empirical work
has focused on the effects of foreign direct investment on R&D (Girma, Gong, and
Holger 2009), structure and concentration and their effect on R&D (Choi, Park, and
Hong 2012), the role of SOEs in R&D policies (Tonurist 2015), returns of R&D in the
industry (Hu and Jefferson 2004), R&D expenditures and productivity (Hu 2001),
reforms ownership and innovation (Jefferson and Inderjit 1999), the effect of
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motivation on innovation (Gronblom and Willner 2014), entrepreneurship in SOEs
(Bernier 2014). Some of these papers on SOEs are based on those of Griliches (1979);
Griliches and Mairesse (1984); Terleckyj (1980). Additionally the papers of Hu (2001);
Hu and Jefferson (2004) use a revenue function to measure the impact of R&D on
organizations. However, in this context there is a lack of papers analysing State-Owned
Enterprises in Latin America. Thus, this research contributes to the existing literature,
because it is the first time the impact is analysed of R&D investments on the growth of
state-owned enterprises in Ecuador and additionally it includes the variable Investment
in Fixed Capital, which has not been considered in previous papers.

Given the difficulty of measuring the effects of R&D, a third stream of work
measures R&D and its contribution to growth in sales in private companies (Morbey
and Reithner 1990; Brenner and Rushton 1989; Watanabe and Asgari 2003; Garcia and
Romero 2012; Aghion et al. 2012; Amat and Perramon 2011).

2.3. Growth and R&D

According to Oliveira and Fortunato (2006), the growth of a company can be determi-
nistic or stochastic. The deterministic approach assumes that the difference in growth of
organizations depends on the industry or characteristics of the company; in contrast,
stochastic growth predicts growth rates independently, the growth is random and
independent of size and past growth history (Oliveira and Fortunato 2006; Sutton
1997). This postulate is known as Gibrat’s Law (Sutton 1997) and has been analysed
by (Oliveira and Fortunato 2006; Langebaek 2008; Geroski 1999).

Growth is one of the most important topics studied in business literature (Garcia and
Romero 2012). It is a multidimensional phenomenon, which depends on the distinctive
variables we use to measure it and the appropriateness of these measures relative to specific
theories (Frédéric Delmar, Davidsson, and Gartner 2003). There are different alternatives
for measuring the impact of R&D on organizations, which has led to a debate about which
kind of indicators are most suitable for capturing growth (Garcia & Romero, 2012). On the
one hand, the use of multiple indicators is proposed (Frederic Delmar 1997), other authors
consider that it is better to use a single indicator (Weinzimmer, Nystrom, and Freeman
1998). According to Garcia & Romero (2012), the most common indicators in the literature
are: market value, number of employees, sales and income, value of production or value
added. However, there is a consensus on the use of sales as an appropriate indicator, this is
demonstrated by previous studies (Brenner and Rushton 1989; Morbey and Reithner 1990;
Watanabe and Asgari 2003; Coad 2007; Garcia and Romero 2012).

In the knowledge-based society, it is expected that the creation of knowledge in an
organization will influence sales, income and employment generation, in level public
and private companies. Therefore, it is expected that there is a positive relationship
between R&D investments and organization growth (Garcia and Romero 2012). Several
studies confirm the existence of positive impact of R&D and organization growth
(Brenner and Rushton 1989; Morbey and Reithner 1990; Geroski 2005), while other
authors do not find significant results in these two variables (Bottazzi et al. 2001).
Previous literature also shows that the relationship between these two variables,
depends on the country, industry and time period (Morbey and Reithner 1990;
Brynjolfsson and Yang 1996).
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As explained in this literature review, there are several papers that analyse the impact
of R&D on the growth of private companies. However, no work has been found focused
on identifying the effect of R&D on the growth of State-owned Enterprises within Latin
American countries, despite the fact that several studies in general emphasize the
importance of R&D (Girma, Gong, and Holger 2009; Florio 2014a; Luke, Verreynne,
and Kearing 2010). In this sense there is a gap in the previous literature, which is why
the following hypothesis is proposed:

H1: R&D investment in public companies has a positive effect on the growth of sales
in the SOE from Ecuador.

3. Methodology

Data for this study were taken from database of National Survey of Activities of Science,
Technology and Innovation of Ecuador (ACTI),' conducted by National Institute of
Statistics and Census (INEC) and the National Ministry of Higher Education Science
Technology and Innovation (SENESCYT) with updated information up to 2014. It has
a sample of 6275 organizations, divided into 6189 (98.6%) private companies and 86
(1.4%) public companies. We decided to focus our study on a developing country,
Ecuador, since we have found some recent literature that studies innovation in devel-
oping countries (Archibugi and Coco 2004; Vivarelli 2014; Crespi et al. 2016; Aboal and
Tacsir, 2017; Balsmeier 2017; among others).

This research has been conducted with the sample of public companies (86 institu-
tions) and analysed in the period 2012-2014. The sample of public companies corre-
sponds to 34% of the total public companies in Ecuador. According to National
Secretariat of State Planning, overall there are 250 SOEs corresponding to the
Executive Function, Decentralized Autonomous Governments and Universities
(SENPLADES 2013). The sample includes manufacturing and service companies; no
institution has been left out because of the small size of sample.

Because the study of R&D and innovation in SOEs is a relatively new field of work,
several previous papers have been prepared with small samples. For example: 31 US
institutions (Borins 2012), 51 projects from 16 companies (Vanagunas and Webb 1994),
81 survey in the United Kingdom, Denmark, Finland and Estonia (Pdrna and Nick 2007),
97 Australian public offices (APSC 2011), 120 managers of public institutions in the
United Kingdom (Walker 2006) and 125 UK institutions (Dunleavy and Margetts 2006).

Once the database was obtained, an analysis of information collected in ACTT survey
was carried out to order and debug the information. Additionally, new variables were
created. Taking as a point of departure the work of Rao and Arkin (2003), Coad (2007),
Schimke and Brenner (2011) y Garcia and Romero (2012) which use stochastic vision in
the growth of organizations. The following equation is proposed:

Growth;; = a + B,RDj_1 + B,Growthy,_, + B,ICF;;_; + f3,Size + sect + ubic + &; (1)

In equation (1) the dependent variable Growth;, corresponds to business growth, as
measured by the logarithm of the difference in sales (Coad 2007; Garcia and Romero

"The database can be downloaded at http://www.ecuadorencifras.gob.ec/ciencia-tecnologia-e-innovacion/.
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2012). As we mentioned above, different indicators for quantifying growth have been
found in previous research. However, there is a general consensus that sales are one of
the most appropriate indicators for this purpose (Hoy, McDougall, and Dsouza 1992;
Ardishvili et al. 1998; Garcia and Romero 2012)

The variable RDj;_; corresponding to intensity in R&D for period t-1 and it was
calculated as total R&D divided by total sales of the company in the specific period; this
indicator is used in papers by Morbey & Reither (1990), Coad (2007); Watanabe and
Asgari (2003); Garcia and Romero (2012).

Variable Growth;;_; is used to control autocorrelation and endogeneity or any other
dependence on growth in SOE, its value corresponds to lag of growth t-1.

Variable ICF;_; is the logarithm of Fixed Investment Capital in public enterprises,
its value corresponds to the lag t-1, this lagged variable has been used in order to
avoid autocorrelation, endogeneity and eliminate any existing dependency. It has
included the variable ICF;_; as an additional element to analyse its effect on sales
growth in SOEs. Previous studies demonstrate that economic growth could not be
understood without the investment in fixed capital (Blomstrom, Lipsey, and Zejan
1993), but this variable has almost always been analysed in macroeconomic terms to
explain the growth of countries through Gross Capital Formation (Kuznets 1973;
Abramovitz 1956).

Sizey_; corresponds to the size of the company, measured by logarithm of number of
workers; likewise, to avoid problems of autocorrelation and endogeneity, we include the
lagged variable for period t-1.

In addition, the following control variables have been included:

e Variables Sect and Ubic: the first one refers to the enterprise economic sector,
while the second one refers to the province where the SOE is located.

With information of variables and database in general, some basic statistical data
were collected prior to the presentation and analysis of the general model. The model
has been estimated using Ordinary Least Squares (OLS), taking into account the main
statistics for validity and confidence of the model. The model cannot be estimated using
panel data techniques because the period of time is too short. The main results are
presented below.

4. Results

As mentioned in the previous section, we first present some informative statistical data
about the situation of SOEs that make up the sample used for the model. Table 1 shows
information about the number of companies analysed by economic sector.

In Table 1, there are 86 companies per year, the total data for analysis is 258
enterprises. Industrial sectors are classified according to the schematic structure of
the International Standard Industrial Classification (ISIC) Revision 4 (INEC 2012).
The highest amount of SOEs corresponds to Electricity, gas, steam and air-conditioning
supply (34); followed by water and sewage (10), third, manufacturing industry (12).
Despite the existence of firms by sector, the number of companies per sector is small,
which is why a study of the impact of sectorial R&D has not been carried out. However,
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Table 1. Public companies by sector.

Schematic structure Industry 2012 2013 2014 Total
A Agriculture, forestry and fishing. 1 1 1 3
B Exploitation of mines and quarries. 9 9 9 27
C Manufacturing industry. 12 12 12 36
D Electricity, gas, steam and air-conditioning supply. 34 34 34 102
E Water, sewage, waste management and remediation activities. 10 10 10 30
F Construction. 1 1 1 3
G Wholesale and retail trade, repair of motor vehicles and 10 10 10 30

motorcycles.

H Transportation and Storage. 1 1 1 3
| Accommodation and food service activities. 3 3 3 9
J Information and communication. 4 4 4 12
K Financial and insurance activities. 1 1 1 3
Total 86 86 86 258

for informative purposes, in Table 2 we can see the variables used for the model with a
division at the sectorial level.

In Table 2 we used the logarithm of the variables Sales, Investment in R&D and
Investment in Fixed Capital, in order to reduce magnitudes. The first part corresponds
to general values for all companies that are part of the database, so the average intensity
of R&D is (0.068) which could be translated as, on average, the SOEs allocate the 6.8%
of total sales to investment in Research and Development. In terms of sectors, the
highest sales sector corresponds to Accommodation and food service activities (18,513),
followed by Manufacturing Industries (17,313) and Wholesale and Retail Trade,
Vehicle, Automotive and Motorcycle Repair (16,521).

If we analyse the sectors with highest investment in R&D, we can highlight: Activities
of accommodation and food service (12,021), followed by Transportation and storage
(9,982) and Mining and Quarrying (6,871). The last one has great importance for the
country since the extraction and sale of oil is the activity that generates more income
for the country.

In terms of R&D Intensity, the sector with the highest value is Electricity, gas, steam
and air-conditioning supply (0.131), followed by Accommodation and food (0.053) and
then Manufacturing (0.052). There is a marked difference in the intensity of R&D among
the different economic sectors; the high value of sector (D) can be the result of large state
investments in recent years to launch new hydroelectric and photovoltaic plants.

Table 3 presents the results of four estimated models as well as some contrast statistics

Model 0 has been estimated without taking control variables into account. A control
variable (Location) is included in Model 1. Model 2 includes the second control variable
(Sector). Finally Model 3 is estimated using all variables. If statistics are analysed it is
seen that four models have been estimated for a sample of N = 84 public enterprises. If
estimated models are statistically significant (p < 0.05) according to the results of F test,
we can say that the models are valid. Collinearity analysis was performed using the
statistical Variance Inflation Factors (VIF), the results show no collinearity being
independent and dependent variables.

When the coefficient of determination is analysed (R®) in the model, the results
indicate that models are virtually identical, each explained (0.18) of sales. Although the
explanatory value of the models is low, its value is related with previous work using data
from private companies (Coad 2007; Garcia and Romero 2012). Based on the minimum
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Table 2. Statistical summary of SOEs at sectorial level.

Sector Variable Mean Std Dev. Min Max

Total EPE data Sales * 15,030 3,672 0,000 23,390

N = 258 Growth 0.281 1.895 -2,076 20,011
Investment in R&D * 4,793 6,367 0,000 17,750
Intensity of R&D 0.068 0.639 0,000 10,000
Investment in Fixed Capital * 9,347 6,427 0,000 20,585

(B) Exploitation of mines and quarries

N =27 Sales * 16,477 2,893 12,567 23,390
Growth —-0.050 0.483 -0.994 0.934
Investment in R&D * 6,871 6,556 0,000 16,395
Intensity of R&D 0.038 0.099 0,000 0.509
Investment in Fixed Capital * 11,475 4,904 0,000 18,381

(C) Manufacturing

N =36 Sales * 17,313 3,434 0,000 20,416
Growth 0.852 4,092 -1,253 20,011
Investment in R&D * 6,506 7,433 0,000 17,268
Intensity of R&D 0.052 0.168 0,000 0.840
Investment in Fixed Capital * 12,419 7,131 0,000 20,585

(D) Electricity, gas and steam supply

N =102 Sales * 13,571 3,382 0,000 18,703
Growth 0.232 1,681 -2,076 13,238
Investment in R&D * 3,819 5,800 0,000 15,925
Intensity of R&D 0.131 1.014 0,000 10,000
Investment in Fixed Capital * 8,506 6,053 0,000 18,142

(E) Water and sewerage

N =30 Sales * 15,689 1,114 13,219 17,595
Growth 0.213 0,861 —-1,931 2,071
Investment in R&D * 3,248 5152 0,000 14,201
Intensity of R&D 0.008 0.022 0,000 0.108
Investment in Fixed Capital * 6,611 6,550 0,000 16,118

(F) Construction

N=3 Sales * 16,374 0.096 16,286 16,476
Growth 0.095 0.027 0.076 0.114
Investment in R&D * 0,000 0,000 0,000 0,000
Intensity of R&D 0,000 0,000 0,000 0,000
Investment in Fixed Capital * 12,776 0.968 11,666 13,442

(G) Wholesale and Retail Trade

N =30 Sales * 16,521 2,170 11,542 19,896
Growth 0.151 0,449 -1,160 1.240
Investment in R&D * 6.012 6,708 0,000 16,093
Intensity of R&D 0.013 0.022 0,000 0.085
Investment in Fixed Capital * 10,205 5,494 0,000 16,017

(H) Transportation and storage

N=3 Sales * 15,279 0.071 15,202 15,342
Growth 0.046 0,133 —0.049 0.140
Investment in R&D * 9,982 2.251 8,517 12,574
Intensity of R&D 0.025 0.041 0.001 0.072
Investment in Fixed Capital * 7,793 6,805 0,000 12,560

() Accommodation and food

N=29 Sales * 18,513 1,454 16,951 20,451
Growth 0.084 0.073 —0.009 0.184
Investment in R&D * 12,021 7,033 0,000 17,750
Intensity of R&D 0.053 0.066 0,000 0.205
Investment in Fixed Capital * 16,378 2,179 13,438 19,925

(J) Information and communication

N=12 Sales * 13,562 2,930 6,908 16,088
Growth 0.595 0.930 —-0,150 2,442
Investment in R&D * 0.944 3,270 0,000 11,327
Intensity of R&D 0.005 0.016 0,000 0.055
Investment in Fixed Capital * 3,938 5,838 0,000 12,794

(K) Financial and insurance activities

N=3 Sales * 11,590 0.094 11,513 11,695
Growth 0.091 0.060 0.049 0.134
Investment in R&D * 0,000 0,000 0,000 0,000
Intensity of R&D 0,000 0,000 0,000 0,000
Investment in Fixed Capital * 8.748 0,400 8,517 9,210

* Corresponds to the logarithm.
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Table 3. Estimation of models. State-owned enterprises.

Variable Model 0 Model 1 Model 2 Model 3
Growth (1) 0.039 0.037 0.041 0.040
R&D intensity .1 10.093 *** 10,113 *** 10.048 *** 10.067 ***
Inv. Fixed Capital 1) —0.253 * —0.253 * —0.259 * —0.259 *
Size 1) 2.071 *** 2.063 *** 2.084 *** 2.075 ***
Control

Location 0.025 0.025
Sector —0.0709 —0.073
Constant 0.227 0.019 0.535 0,331

N 84 84 84 84

R? 0.181 0.182 0.182 0.182

F 10.341 8.380 8,049 6,797
Prob> F 0.000 0.000 0.000 0.000
Aic 559.977 561.937 561.932 563.889

Bic 572.131 576,522 576.517 580,905
Mean VIF 1.37 1.30 1.33 1.28

* P < 0.05 ** p < 0.01; ** p < 0.001

variation of (R?) between the models and the results of AIC and BIC tests, it is
concluded that the model that best fits the data is Model 0, since fewer variables explain
the same proportion as the other three models.

Results to the four models show that growth in sales on the previous period
(Growth (1)) has no statistically significant effect (p < 0.05) in variation of sales of
the current period. The effect of R&D on SOEs growth is significantly positive
(p < 0.001) in the four models estimated. According to this result, an increase in
R&D investment has a positive impact on sales growth of SOEs; this result confirms
the hypothesis HI raised by this research.

The organization size likewise has a significant positive effect (p < 0.001), so we can
say that in this case, an increase in the organization size influences positively the growth
in sales of SOEs. Moreover, the Fixed Capital Investment of previous period (¢-1) has a
significant negative effect (p < 0.05) on sales growth. According to this result, an
increase in fixed capital investment during the previous year influences negatively the
growth of sales of SOEs.

Moreover, note that in this case the sector and location variables do not have a
significant effect, or any influence at all, on sales growth in SOEs.

In sum, our results show a significant positive effect of R&D and firm size on SOE’s
growth in sales in line with previous research conducted on private firms (Singh and
Whittington 1975; Griliches and Mairesse 1984; Brenner and Rushton 1989; Morbey
and Reithner 1990; Rao and Arkin 2003; Coad 2007; Garcia and Romero 2012).
Moreover, we find that an increase in fixed capital investment during the previous
year negatively influences the growth in sales of SOEs. Our results further confirm the
work of Carlin and Mayer (2003) who find that growth is mainly related to investment
in R&D, rather than investment in fixed capital.

5. Conclusions

In this paper, we accept the idea supported by previous literature that, in general,
private firms invest in R&D in order to grow and ultimately survive. But, what happens
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to public firms? In an attempt to answer this question, this research studies the effect of
R&D on sales growth in public enterprises in Ecuador.

This research has been conducted using data from the National Survey of Activities
of Science, Technology and Innovation of Ecuador (ACTI) 2016; the information for
period 2012-2014 for state-owned enterprises has been selected as working sample.

From the theoretical review a stochastic endogenous model has been created, based
on the Gibrat’s Law (Sutton 1997; Coad 2007; Garcia and Romero 2012), to measure the
impact of R&D on SOEs’ sales growth. Furthermore, additional variables of size and
fixed capital investment and control variables of economic sector and SOE location
have been included.

This is the first paper that presents information about R&D in public companies of
Ecuador. Along with the theory, it estimates by ordinary least squares (OLS) four
econometric models showing the impact of R&D on sales growth as the main element
of research; it also shows the effect of size and investment in fixed capital.

Both public and private companies invest in R&D in order to increase sales, growth
or survive. Traditionally public companies are considered as unimaginative or not
concerned with innovation (Borins 2002; Florio 2014b), so that their study has not
been considered relevant in the field of economy of innovation. This study provides
empirical evidence about the importance of investment in R&D on the growth of public
enterprises, contributing in this way to fill the gap and the debate about the relevance of
R&D management and innovation in SOEs as an essential element for improving
national and international positions, given that SOEs are outstanding instruments for
achieving of social and economic national objectives.

In line with Schumpeterian economy, innovation is an essential element for eco-
nomic and business growth (Schumpeter 1947). In this sense R&D becomes an impor-
tant engine for SOEs. In this study the variable (R&D intensity) can be seen as a proxy
for innovation; however, it is necessary to highlight that R&D is only one of the
elements that can determine innovation in enterprises.

The results of this study show that R&D investment has a significant positive
effect on sales growth in public enterprises in Ecuador. The result of this work
confirms previous studies by (Griliches and Mairesse 1984; Brenner and Rushton
1989; Morbey and Reithner 1990; Rao and Arkin 2003; Coad 2007; Garcia and
Romero 2012), taking into account that these studies were performed on a sample
of private companies. Previous literature is ambiguous about this relationship: while
a number of analyses report a positive relationship between both variables, many
others do not. Furthermore, the relationship between R&D investment and a firm’s
growth varies depending on the industry, country and length of time of the analysis
(Garcia and Romero 2012, 1084). The main contribution of this paper is to test the
relationship between R&D investment and growth in sales in a sample of SOE firms
from a developing country. Our results confirm that Research & development (R&D)
is one of the key drivers for state-owned enterprise’s growth and, consequently, for
economic growth in a developing country. Gumus and Celikay (2015) found that
R&D expenditure has a positive and significant effect on economic growth for
countries in the long run. In particular, for developing countries, they found a
weak effect in the short run but a strong one in the long run.
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Moreover, according to the estimated models, the company size has a positive effect
on sales growth. This result is consistent with previous studies (Garcia and Romero
2012; Singh and Whittington 1975) where they found that the growth of companies is
related to the organization size.

Regarding Capital Fixed Investment, the results show that it has a negative effect on
sales growth. This result should be taken with caution given that it could be caused due
to: a) the kind of fixed assets in which the public enterprises invest; b) investment takes
more time before showing a positive effect on the growth of company; not the year after
the investment, due to the ability of learning and internalization of the new investment
by the SOE. This result further confirms the work of (Carlin and Mayer 2003) who find
that growth is mainly related to investment in R&D, rather than investment in fixed
capital. However, it has been demonstrated that over time investment in fixed capital
can help to increase productivity and growth of countries or companies (Kuznets 1973;
Abramovitz 1956; De Long and Summers 1991); however, these same papers show
doubts about the real contribution of FCI to growth, due to its reduced effect on growth
(De Long and Summers 1991).

This paper confirms that in this case there is no autocorrelation in growth of public
enterprises, unlike results found in previous studies that were conducted for samples of
private companies (Garcia and Romero 2012; Bottazzi and Secchi 2003), where the
existence of autocorrelation with lagged variable of growth was detected. On the other
hand, when we included the control variables (economic sector and locations), the results
were not significant for these variables. In the case of SOEs in Ecuador the province where
the company is located and the economic sector have no effect on sales growth. This is not a
definitive result, the result is only for this case and may be influenced by the sample size;
previous studies with large samples of private companies show that both the economic
sector and location have significant effects in growth (Garcia and Romero 2012).

This work points to some recommendations for managers and directors of public
companies: a) it is important for state-owned enterprise to invest in R&D as this will
increase revenue, allowing company growth, improving productivity, allowing a better
position for the company within the economic sector in which it operates. b) The
resources for R&D by themselves generate additional benefits; as demonstrated in this
paper, R&D contributes to growth in sales, so it is desirable to include within the
budget of the SOEs an account designed for this purpose. ¢) If the State seeks to achieve
national development goals through public enterprises, it is necessary for the central
government to maintain and increase investment in research and development in order
to increase public value, improve service delivery, develop new or improved products
and increase the SOEs’ productivity.

As regards the limitations of this study, the analysis period is short and the sample
small. Although the information provided is dynamic, it could be strengthened or tested
in a temporal analysis in a broader panel. The small size of the sample is the main
limitation since lack of information due to the use of a small sample can cause noise
affecting the results. This is a pioneer paper about this field in Ecuador; this work is not
comparable with previous studies.

As future research, it is possible to identify the economic and social impact of innovation
by SOEs, cooperative relations between public enterprises, and technology transfer, among
others. Also, in the future it would be interesting to compare the results obtained for public



170 N. GONZALEZ ALVAREZ AND A. ARGOTHY

enterprises with those for private firms. In fact, we have already tried to estimate the four
models proposed using a sample of private firms. Data were taken from the same database,
the National Survey of Activities of Science, Technology and Innovation of Ecuador (ACTI).
As we mentioned above, this covers a sample of 6,275 organizations, divided into 6,189
(98.6%) private companies and 86 (1.4%) public companies. However, when analysing the
sample of private firms, we realised that, in spite of the large number of such firms included in
the sample, only a small percentage of them invest in R&D. In fact, 88.38% (5,470) of them
report having invested 0.00 US$ in R&D. This might be because of the economic structure of
a country like Ecuador in which 90% of private firms are commercial. We therefore decided
against estimating the models using the sample of private firms because our main goal is to
study the relation between investment in R&D and growth in sales at business level, and this
relation cannot be analysed in a sample of firms that hardly invests at all in R&D. The largest
percentage of investment in R&D in Ecuador today is by public firms which is the reason why
we focus on these. In the future, if Ecuador becomes more developed and has private firms
that focus less on sales and more on investment in R&D, then it might be appropriate to
perform the analysis for private firms that the reviewer suggests.

Moreover, in view of the open innovation concept that implies that innovations result
from the sharing of competences among different players throughout and beyond the value
chain, with deep implications for a company’s external relationships (Chesbrough 2003;
Chesbrough, Vanhaberbeke, and West 2006), in future it might be of interest to explore new
interactions between private and public research that allow firms to accumulate competences
and resources to exploit the opportunities that arise from multi-faceted demands (Kratzer,
Meissner, and Social 2017). Also, in the future more independent variables could be included
in models to identify more factors influencing SOE growth and thus raising the explanatory
power of the models estimated. Finally, since one year for return on investments for
machinery and equipment is not always enough, in future we will try to include a longer
time lag in this variable by using a sample of firms that provides data from several years.
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