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Abstract:
We analyze the funding sources for innovation activities in Colombia. Our main objective is to identify the type of capital
structure followed by rms performing R&D activities, whether they follow a pecking order (POT) or an altered pecking order
capital structure (APOT). We use a multivariate probit methodology and our main result is the fact that innovative companies
in Colombia, tend to nance their innovation ventures using a capital structure like the one predicted by the POT. Our results
reinforce the fact that innovative companies of underdeveloped countries are, to some extent, different from those of developed
countries, and therefore, strategies and policies directed to surpass nancial barriers in underdeveloped nations, should be different
from the ones designed for developed ones.
JEL codes: G20, G32, O30
Keywords: nance of innovation, multivariate probit, Pecking order.

Resumen:

Indagamos en las fuentes de nanciamiento para actividades de innovación en Colombia. El propósito principal es identicar el
tipo de estructura de capital que adoptan las empresas que emprenden actividades de I + D, ya sea que esas empresas se ajusten
a una estructura de orden jerárquico (POT por sus siglas en inglés) o a una estructura de capital de orden jerárquico alterada.
Utilizamos una metodología probit multivariada y nuestro principal resultado es el hecho de que las empresas innovadoras en
Colombia muestran la tendencia a nanciar sus emprendimientos de innovación a través de una estructura de capital como la que
se plantea en el POT. Nuestros resultados refuerzan el hecho de que las empresas innovadoras de los países subdesarrollados son,
en cierta medida, diferentes a aquellas de los países desarrollados y, por consiguiente, las estrategias y políticas dirigidas a superar
las barreras nancieras en las naciones subdesarrolladas deben ser diferentes de aquellas diseñadas para los países desarrollados.
Códigos JEL: G20, G32, O30
Palabras clave: nanciamiento de la inovación, multivariate probit, Pecking order.

Resumo:

Indagamos nas fontes de nanciamento para atividades de inovação na Colômbia. O principal objetivo é identicar o tipo de
estrutura de capital adotado pelas empresas que empreendem atividades de P&D, seja que essas empresas estejam em conformidade
com uma estrutura hierárquica (POT por suas siglas em inglês) ou com uma estrutura de capital de ordem hierárquica alterada.
Utilizamos uma metodologia probit multivariada e nosso principal resultado é o fato de as empresas inovadoras na Colômbia
mostrarem a tendência de nanciar seus empreendimentos de inovação por meio de uma estrutura de capital como a proposta
no POT. Nossos resultados reforçam o fato de que empresas inovadoras em países subdesenvolvidos são, em certa medida,
diferentes daquelas dos países desenvolvidos e, portanto, estratégias e políticas destinadas a superar barreiras nanceiras em países
subdesenvolvidos devem ser diferentes daquelas projetadas para os países desenvolvidos.
Códigos JEL: G20, G32, O30
Palavras-chave: nanciamento da inovação, multivariate probit, Pecking order.
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INTRODUCTION

e well-known theory of capital structure introduced for Modigliani & Miller –M&M– (1958), proposed
that differences in capital sources used for rms to support their investments, have no impact on their value.
Basically, this theory suggests that in a market without failures, a rm will be indifferent to all the possible
capital sources, because the implicit cost for each of those sources will be equal; i.e., a rm could use cash ow,
debt, equity or even venture capital, and the rm value will remain invariant.

Generally, the M&M theory has been rejected given that corporate and personal taxes affect rm’s capital
structure; in the same direction, the presence of information asymmetries, agency costs and adverse selection
issues, create differences among the cost of diverse rms’ funding sources; i.e., rms’ decision about the use of
one or another capital source could diminish or elevate the cost of that rms’ capital, and therefore, the value
of the company (Myers, 2001; Myers & Majluf, 1984).

Given market failures, an inuential theory of capital structure based on the existence of those failures was
proposed by Myers & Majluf (1984). is theory, so-called Pecking Order eory –POT–, suggests that,
in presence of information asymmetries and adverse selection failures between rm managers and outside
investors, rms will prefer internal over external funding for their ventures. However, if internal resources are
scarce, a rm would have to seek external resources, i.e., debt or equity funding. Assuming that in most of
the cases, debt is cheaper than equity (because agency costs raise the risk of equity funding), a rm will select
debt nancing over equity, therefore, when a rm need to nance a new investment, it will select funding
sources in a hierarchical order, rst internal sources, then debt, and nally equity.

Although the pecking order theory was developed to understand the way rms nance their capital assets,
some researchers have focused on the capital structure of intensive R&D rms, or in the capital structure
of high technology startups. Academic results seem to be contradictory: some researchers found that rms
nance R&D and innovation activities as described in the pecking order theory (Bartoloni, 2013; Giudici &
Paleari, 2000; Hummel, Karcher, & Schultz, 2013; Manigart & Struyf, 1997; Ullah, Abbas, & Akbar, 2010),
however, some others found evidence of a new form of pecking order (Aghion, Bond, Klemm, & Marinescu,
2004; Minola, Cassia, & Criaco, 2013; Sau, 2007; Schäfer, Werwatz, & Zimmermann, 2004).

is new form of pecking order theory suggests that high tech, innovative or new technology-based rms,
strongly use internal resources as a main nancial source, just like in the usual pecking order theory; but, in
respect to external resources, equity is preferred over debt, because innovative rms cannot access to debt
markets. In that sense, some studies have shown that innovative rms tend to be credit-constrained because
of moral hazard and adverse selection issues regarding their innovation activities (Bartoloni, 2013; Colombo
& Grilli, 2007; Freel, 2007) and in some cases, debt markets are not willing to leverage innovative ventures
because of the long-term focus of those endeavors, the high proportion of intangible assets used, and the
uncertainty related with innovation prots. In those cases, a rm with a strong focus on innovation activities,
or a high technology rm, will rst use cash ow, then equity and debt as a nal option (Aghion et al., 2004;
Bartoloni, 2013; Minola et al., 2013; Schäfer et al., 2004; Ullah et al., 2010) creating an altered form of
pecking order theory –APOT–.

In most of the cases, the evidence about an APOT has been found in developed countries in which rms’
possibilities to raise equity are higher than in other types of countries with illiquid capital markets, or in
countries in which the venture capital funding is strong compared with underdeveloped countries. In order
to raise venture capital or equity from markets, rms need to be supported by a liquid and specialized capital
market to provide the necessary conditions for an exit strategy for early venture capitalists (Hall & Lerner,
2009), this could be an Initial Public Offering –IPO–, or a targeted sell in over the counter –OTC– markets.
In that sense, research carried out in developed countries about the way innovative rms fund their ventures
could be biased given this selection bias; so, it is possible that the nancial behavior of rms in underdeveloped
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countries, with a small and illiquid equity markets (OTC and trading markets), differ from those in developed
countries.

is paper attempted to reach three goals. First, to determine the main characteristics of rms’ funding
innovation with internal resources, bank credit, equity, government grants, and other funding sources in
Colombia. Secondly, to nd the likelihood for Colombia’s rms to fund their R&D and innovation ventures
with those same nancial sources. We wanted to determine if, in a developing country like Colombia, the
POT or the APOT capital structures are followed by rms to nance their R&D and innovation activities.
ird, we want to understand the behavior of innovation rms in a country like Colombia, given that
companies tend to perceive high barriers to innovation of all kinds, and in particular, in the nancial eld.

is is a novel approach to the nancing of innovation given that we are using only data from an
anonymized national innovation survey, instead of using data from public-traded rms, that is the usual in
related papers; we believe that the use of this data is more realistic given that in developing countries, public
traded rms are an exception. Our results reinforce the fact that innovative companies of underdeveloped
countries are, to some extent, different from those of developed countries, and therefore, policies directed to
surpass nancial barriers should be different from the ones designed for those countries.

is paper is structured as follows. e rst section includes a review of pertinent literature and a small
analysis of nancial market development in Colombia and in the countries in which POT and APOT
research has been developed. In the second section, data, methodology, and expected results are developed. In
the thirth one, the results for the econometric model are described; in fourth section, we developed the main
conclusions of the report, and we describe research limitations and future research work related to this topic.

LITERATURE REVIEW

In 1958, Modigliani and Miller –M&M– proposed that under equilibrium, given that agents have the
possibility of arbitration, the value of a levered and an unlevered rm, would be the same. According to them,
“the cut-off point for investment in the rm… will be completely unaffected by the type of security used to
nance their investment” (Modigliani & Miller, 1958, p. 288). e logical conclusion to which this postulate
takes us, is that rms could raise money from any given nancial source, the cost of capital for each rm
will be the same, and all rms will have the same access to capital (Myers, 2001). However, the fact that the
M&M thesis was framed in an equilibrium market without corporate taxes, agency costs, and with symmetric
information, has led to the rise of new capital structure theories in which more realistic market characteristics
are included.

Tradeoff eory –TOT– developed by Kraus & Litzemberg (1973), was built on M&M propositions and
includes the effect of corporate and personal taxes, but also bankruptcy costs; the TOT implicates that there
is an optimal point of debt in which managers maximize the value of a levered rm. is can be done by
maximizing the debt tax shield and minimizing the bankruptcy costs; over this point, if a rm acquires more
debt, the value of the levered rm will be lower than the unlevered one. Even so, rms can choose not to
pursue the maximizing point of value through debt, because sometimes they prefer to fund their ventures
with other sources like cash ow or equity (Myers, 2001) or because sometimes, those companies do not have
enough market power to raise money from external sources, this is the case of most of SMEs.

e Pecking Order eory –POT– (Myers & Majluf, 1984), assumes a market in which there are
information asymmetries between managers and investors. In this context, the manager’s decision to issue
equity to nance a new venture, provides information to investors about an overvalued company, because
managers only will issue shares (on public or OTC markets) when they can maximize the amount of cash
received by the seller. en, the direct effect of an equity issue in this context is the fall in stock prices. In
the same framework, if a rm can use debt or equity to nance their ventures, an investor would understand
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that an equity issue is made by managers to transfer the risk to new stockholders (Because managers cannot
transfer risk to lenders given that lender rights are prior to equity holders rights), therefore, investors will
understand that equity acquisitions are not a good idea. As a result, the POT claims that rms will prefer
internal rather than external sources of nance, because there are no information asymmetries inside the rms;
when external sources are needed, rms will prefer debt over equity, i.e., the safest and cheapest sources of
money rst.

At the same time, although the POT was developed to understand the way that rms of all kinds fund
their typical assets, some researchers have focused on the capital structure of intensive R&D and innovation
rms to explore if, for those kinds of companies, the POT is supported.

According to Hall & Lerner (2009) and Hall, Moncada-Paternò-Castello, Montresor, & Vezzani (2016),
the market failures are stronger for innovative and high technology rms; in the rst instance, innovation is
riskier and longer-term compared with traditional capital investments. Consequently, the prot rate required
by external investors is higher than in other kinds of endeavors because of the uncertainty of the projects.
In that sense, one can expect innovative rms to be highly nanced by internal funding. At the same time,
when innovative rms have to rely on external funding, asymmetric information is a signicant issue for those
companies; the fact that rms have better information about the real possibilities of their ventures elevates
the cost of external funding. To solve this issue, one might think that full revelation of the innovative venture
could be a solution, but in that case, the innovator could be imitated by its competition (Hall & Lerner,
2009). Simultaneously, innovative companies have lower rates of collateral assets to support debt, i.e. the
main objective of those rms is to create knowledge embedded in new products or services, and the asset in
which rms support this knowledge creation is human capital, that cannot be used as debt collateral, and
therefore, it’s expected for innovative companies to be credit-constrained because they do not have collateral
assets (Colombo & Grilli, 2007; Freel, 2007).

For these reasons, it is expected that innovative rms tend to prefer internal over external sources to
nance their activities. Nevertheless, innovation activities are costly, and therefore, rms tend to raise money
externally. However, given that high technology and innovative rms could be credit constrained, some rms
will prefer to nance their projects with equity rather than debt, giving room to an altered form of pecking
order –APOT–, in which rms prefer internal over external sources, but equity over debt nancing, –for a
complete description of the Altered Pecking Order phenomena, review the work of Sau (2007).

In this area, research results seem to be contradictory. Some researches found that rms nance their R&D
and innovation activities as described in the POT (Bartoloni, 2013; Giudici & Paleari, 2000; Hummel et al.,
2013; Manigart & Struyf, 1997; Mina & Lahr, 2018; Ullah et al., 2010), while others, found evidence of an
APOT for rm’s intensive on R&D and innovation activities (Aghion et al., 2004; Audretsch & Lehmann,
2004; Minola et al., 2013; Schäfer et al., 2004; Ullah et al., 2010). ose differences reinforce the fact that
companies not always tend to behave similarly in all economies, and therefore, a policymaker needs to identify
how rms conduct related to R&D nancial sources.

For instance, Manigart & Struyf (1997), working with their own developed survey for 18 Belgium rms,
found out that there’s evidence of a capital structure under the POT parameters for high technology
companies, and that rms tend to have lower proportions of collateral assets in which credit rationing will
appear; they worked also with government as a source of nance, nding out that there was little effect
of the latter over capital structure of high technology rms. Giudici & Paleari (2000) used data from
46 high technology Italian SMEs, and employing a direct survey, they concluded that those rms had a
capital structure like POT predicts. Also, for Italy, Bartoloni (2013) used a data combination between
the Community Innovation Survey –CIS3– and an administrative survey for 2.591 rms between 1.996
and 2.003, and determined that rms follow the POT capital structure characteristics, –for a complete
description of the Community Innovation Survey, review Arundel et al. (2008). ey also found that the way
rms fund innovation depends mainly on specic characteristics such as size, age, localization, or innovative
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behavior. Ullah et al. (2010) found out that in the United Kingdom, rms belonging to the soware industry,
followed the POT capital structure, and that some rm characteristics such as industrial belonging could
dene the way rms fund their ventures. Hummel et al. (2013) used data from 171 surveyed SMEs from
Germany. ey found out that the innovativeness degree of a rm had an impact on the way companies are
nanced. Also, they conrmed that for that group of rms, their capital structures were like the POT predicts.
Lastly, Mina & Lahr (2018) using data from 1540 companies in the US and 2129 rms in UK, nds that
innovation intensity tends to shape how rms nance their innovation ventures, been the most innovative
companies more affected by the pecking order capital structure.

On the side of the APOT for innovative and high technology rms, Aghion et al. (2004) used 900 rms
from the London Stock Exchange and found that intensive R&D rms have different nancial behaviors
than other types of companies, because those rms tend to use more debt than rms with low levels of R&D
expenditures. In the same direction, they found that rms with the highest levels of R&D expenditure are
likeliest to fund ventures with equity than with debt, conrming the existence of an APOT. At the same
time, Audretsch & Lehmann (2004), using data from 341 German traded rms, found out that growing
high technology rms tended to privilege external equity over external debt, and that those sources were not
complementary, but were substitutes.

In the case of Ullah et al. (2010), although they found that in the United Kingdom the soware rms
followed a POT pattern, they used data for 42 soware rms and 41 biotech rms, showing that biotech
rms, have an APOT capital structure, concluding that some industry characteristics could inuence the way
innovative rms fund their ventures. In the same sense, Minola & Cassia (2013), working with data from
5,000 rms from the Kauffman Firm Survey, found out that the most innovative rms tended to have an
APOT capital structure pattern. However, they also found that rm characteristics tended to dene the way
they funded R&D expenditures. In the case of Germany, although they were not working within the APOT
framework, Schäfer et al. (2004) used data from 903 rms involved in government innovation programs and
found out that rms willing to nance their ventures with equity sources, are the riskier ones, suggesting that
when the expected return is high, rms and investors are willing to use shares to nance their projects in
detriment of debt funding sources.

One major issue about some of those researches about capital structure, especially the ones supporting an
APOT, is the use of data for public-traded rms; is well-known that nancial markets in those countries are
well-suited for venture capital and equity funding (Hall & Lerner, 2010; Kerr & Nanda, 2015), therefore, the
fact that those rms are supported by equity is not a surprise. However, those kinds of rms are an exception,
especially for underdeveloped countries where capital markets are illiquid, have a low transactional volume,
and have a small set of traded rms. At the same time, young high technology rms trade their stocks in
public markets only in rare occasions, most of the time, those rms need much time in order to surpass the
risky phases of development in order to begin its path on public markets. We believe that those differences in
capital markets within countries, are fundamental to understand the results of capital structures inside rms,
because, in a country in which capital markets are deep and well organized, the APOT structure will arise as
the result of market possibilities, but in countries with smaller and undeveloped markets, the POT structure
will be more suited for industrial innovation.

In table 1 it is possible to appreciate those differences for some OECD members like Colombia, Belgium,
Italy, Germany, the United Kingdom, and the United States between 2000 and 2009. We used this particular
set of countries given that these are the ones related to the literature reviewed in preceding paragraphs; we
add the OECD members to develop a comparative context. With table 1 data, it is possible to appreciate
that Colombia has an embryonic capital market. Capitalization of listed domestic rms is low compared
with OECD, United Kingdom, and the United States. For the years 2008 and 2009, Colombia had higher
market capitalization as a percentage of GDP than Belgium, Italy, and Germany. However, this could be a
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consequence of the subprime crisis in developed countries in which Colombia’s market grew as a consequence
of the inows of international investment.

TABLE 1
Capital markets of selected countries and the OCDE

Source: World Bank Databank, author’s calculations.

Nevertheless, in 2005 and 2006, the market capitalization of Colombia was low in comparison with
those countries. e number of listed rms also showed that Colombia’s market is small in comparison with
those of developed countries; for instance, Colombia has two rms per million inhabitants listed in the
year 2000 compared with 35 in the United Kingdom. Lastly, the total value of stocks traded in the market
as a percentage of the GDP was 9.6% in Colombia’s best year, against 220,7% of the United States in the
same year. e point here is that if the development of capital markets is related to the nance sources that
innovative rms can use, we expect equity funding for innovative companies to be restricted in developing
markets creating an environment in which POT is more likely than APOT structures.

At the same time, researches in which publicly traded rms were used, tended to use a small set of surveyed
rms; contrary to this, a great number of rms where used on researches in which Community Innovation
Survey –CIS– data were available. For instance, Bartoloni (2013) used data for 2.591 rms based on the CIS
for Italy; this survey had access to a more comprehensive set of data about innovation activities, and not only
the R&D rm expenditures, which is the most common innovation proxy used on research with publicly
listed companies.

Simultaneously, research using publicly listed rms tend to use a complete set of nancial reports of these
companies, including prots and losses, cash ows, and balance sheets statements. is because researchers
do not have access to data about the nancial behavior of rms related directly with R&D and innovation
activities. e problem with the use of full nancial reports is that in a majority of cases, researchers only can
make assumptions about the nancial behavior of rms regarding innovation activities, i.e., nancial reports
can only give us information about the amounts of debt and equity in a general view, including innovative and
non-innovative activities. However, innovation usually does not follow the logic of rms’ general activities;
so, one can expect that the nancial behaviors of rms regarding innovation would be slightly different from
the nancial reports data. In that case, it could be interesting to have data about the way rms nance their
innovation activities and relate that information with the innovative behavior of companies. Unfortunately,
it is not common to nd this information jointly, because the innovation surveys following the Oslo Manual
(OECD, 2005), do not include questions about the nancial behaviors of rms.

e present research is a novel effort in the sense that we used data from a national innovation survey, in
contrast with other studies using data from publicly traded companies. We believe that the use of this data is
more realistic, given that in developing countries, public traded rms are an exception. As we know, only one
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effort has been developed to use this type of information to determine the way rms nance their innovation
activities. It was developed by Sierra, Malaver, & Vargas (2009) for the Bogotá (Colombia) region; in this
research, they found that internal resources and national banking, followed by government grants, were the
main funding sources for innovative rms. However, the inexistence of an equity source in data does not allow
them to probe the existence of a POT or an APOT capital structure. In this research, we tried to determine,
in rst instance, if the main characteristics of rms using the different funding sources, could dene the way
that rms nance their innovative efforts, and second, corroborate if Colombia’s innovative rms followed
the POT or APOT capital structure.

DATA, METHODOLOGY AND EXPECTED RESULTS

Colombia’s EDIT 1  survey follows the general guidelines of the European Community Innovation Survey;
however, this survey has a particular chapter in which rms are asked about the funding sources used
for innovation activities. Among the sources, the EDIT includes are internal resources, bank debt, equity,
government funds, and others. 2  Given that in the reviewed literature one cannot nd a source of information
including data about innovation activities by one side, and data about the way rms nance those innovation
activities on the other, the EDIT survey is a special case that can be reviewed to understand the way rms’
funds innovation-related activities, specially, if one is interested in the behaviors of innovation companies in
underdeveloped countries.

We used the 2007-2008 EDIT results, that includes 7.683 manufacture rms, of which 67.3% are rms
between 1 and less than 50 employees, 25.1% are rms with at least 50 and 250 employees, and 7.6% are
rms with more than 250 workers. However, we only used companies with positive expenditures on R&D
and innovation, and we restrict data of rms with less than ten employees; therefore, our nal sample is 2.621
rms. In that sample, 16.3% are big rms with more than 250 employees, 39.9% have between 50 and 250
employees, and 43.9% have between 10 and 50 workers.

Firms in our sample were asked about the origin of funds used to support R&D and innovation activities;
therefore, we characterized the innovation funding sources for the sample. We used dummy (1; 0) variables
to identify when a rm was using or not using a specic funding source. As we can see in table 2, internal
funding was the most used resource in all rms, followed by banks. Specially drew our attention to the fact
that equity is not the third most used source of funding; government grants and other sources represented
3.1% and 3.2% against 2.0% of equity. Medium-size rms were the ones with the most frequent use of equity;
however, for this type of rm, the sum of government grants, and other sources represented almost three
times the frequency of use against equity. Large companies were the ones that use most frequently internal
resources, banks, and government grants.

TABLE 2
Funding source used by rm size

* Includes international cooperation, economic group and other non-related rms.
Source: EDIT 2007-2008.

In table 3 the tetrachoric correlations for the dummy variables of funding sources are shown; it seems
evident that decisions for taking one type or other funding source are correlated, e.g., the use of internal
sources is negatively correlated with banks, equity, public grants, and other type of funds. Bank funding
is positively correlated with equity and other sources, etc. In this case, one can argue that this is a logical
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outcome; rms do not use an exclusive funding source, but a combination of them, so a specic company
can use internal funding, banks, and government funding at the same time, and all the possible combinations
of those sources. In the same sense, a rm’s decision to use one of the funding sources can be affected by the
likelihood they have access to another funding source. In that direction, we also performed a multivariate test
for covariance to determine if funding sources are jointly decided by rms, specically, we used a likelihood
ratio test to review if the variance-covariance matrix is a diagonal one or if the matrix contains signicant
covariance among variables. e test results showed that funding sources are strongly related to them (e
adjusted LR chi2 was 754.02 and prob > chi2 = 0.0000). is result had implications in the econometric
strategy used for our research. If the funding sources uctuated jointly, it was necessary to use a multivariate
approach. erefore, and given that we are using dummy variables for funding sources, we decided to use a
multivariate probit model following the strategy of Cappellari & Jenkins (2003).

TABLE 3
Correlations of funding sources

* Only correlation with 5% signicance level are shown.
** Includes international cooperation, economic group, and other non-related rms.

Source: EDIT 2007-2008.

e variables used in the model are summarized in table 4. We included ve dependent dummy variables
to cover all the funding sources used by rms in order to nance their R&D and innovation activities.
e independent variables included can be divided into two groups, the expense vector (Xj) and the
rm characteristics vector (Zj). e expense vector includes four variables counting for one of the rm
had an expense of that type (internal or external R&D, intangible innovation, tangible innovation, and
biotechnology expenses), and 0 otherwise. e rm characteristics vector included a log of the rm size,
a dummy variable for capital origin of rms, a dummy variable counting if a rm is innovative or not, a
variable equal 1 if rms have strong nancial barriers perception, a sectorial dummy variable for rms of high
technology industry, and lastly, a proxy variable for innovative revenues.

TABLE 4
Variables used in the multivariate probit models

* Includes international cooperation, economic group, and other non-related rms.
Source: Own elaboration.

e multivariate probit model (Green, 2003) could be described as:

(1)
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in which i are the ve different funding sources described in table 4, and j are each one of the rms included
in our sample with,

(2)

,  is the expense vector, and Zj is the rm characteristics vector. And with,

(3)

Along with the reviewed literature (Aghion et al., 2004; Bartoloni, 2013; Hummel et al., 2013; Minola et
al., 2013; Ullah et al., 2010), we expected that the rm characteristic vector (Zi), determines the way rms use
funding sources, i.e., characteristics like size, innovation results, capital origin, industry, revenues related with
innovation, and the perception of nancial barriers, inuence the use of innovation nancial sources. In the
same direction, we expect the expense vector (Xi) to be related with the funding sources used by rms, i.e., if
a rm made an expenditure on R&D, biotechnology, tangible or intangible innovation, this could determine
the access to those nancial sources, Manigart & Struyf (1997). As we pointed in the literature review, Aghion
et al. (2004) found that intensive R&D rms tended to behave differently from those non-R&D intensive
rms regarding their funding sources.

To determinate if innovative rms tended to follow a POT or an APOT capital structure, we determined
the marginal predicted probabilities of rms to use internal, bank, equity, public grants, or other sources using
the Cappellari & Jenkins (2003) strategy. We expected that in Colombia, rms tended to follow the POT
structure, given that in underdeveloped countries rms do not have easy access to equity markets, as posted
in the literature review, and shown in table 1. So, we expected that rms tended to use internal sources in
higher proportion, followed by banks, and then equity sources; at the same time, related to the use of public
grants and other sources, we predicted probabilities would be lower than internal and bank sources. We were
also interested in changing the subsamples of rms to determinate if some sets of rms had different capital
structures or had the highest likelihoods of being nanced by some of the funding sources. Consequently,
we ran the same econometric approach for SME’s, big rms, innovative companies, and rms with lower and
higher R&D and innovation expenditures.
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RESULTS

Results from the full sample

In table 5, we present the results of the multivariate probit model in which we included all the 2.621 rms
from the sample. ese results show that rms with positive expenditure in R&D (randd) and rms with
expenditures on intangible assets (intangible) tend to nance innovation ventures mostly with their resources.
As it was shown in the literature review section, rms facing higher information asymmetries, tended to
use internal resources because the external nancing is costly for them. In the cases of intensive R&D rms,
the long-term nature of their projects, and the uncertainty of future prots, elevates the cost of external
funding. In the same direction, rms strongly investing in intangible assets cannot provide guarantees of
future payments in the case of bank access, making companies rely mainly on internal funds.

TABLE 5
MPR, funding sources of R&D&i

Notes: Multivariate Probit regression. Includes the complete sample. Firms with
more than ten employees and with R&D&i expenses in the 2007-2008 period.

* P. <0.05
** P.<0.01

*** P.<0.001
Source: Own elaboration.

We were expecting that rm characteristics were determinant to the use of internal funds. For example,
small rms tended to be riskier than bigger rms, and therefore, we expected a negative statistical relationship
between internal funds and size. However, size, innovation revenues, or innovation, seem to be irrelevant in
the case of internal sources. It appears that rms’ characteristics do not determine the use of internal funds
aer being controlled by the type of spending made by rms.

Tangible assets (equipment and machinery, etc.) are relevant for bank funding; therefore in the case of
debt, the collateral capability of rms is fundamental. Related with the rm characteristics vector, bigger rms
tend to use more banks, maybe this is caused because their expected cash ows and amount of total assets are
higher, and this allows those rms to have easier access to bank funding. In the same direction, innovative
rms tend to have more access to bank funding, a possible explanation is that these rms could prove to banks
their projects could be successfully nished, or because those types of rms are more active in the search for
external funding. However, this aspect has to be researched deeply in the future.

At the same time, rms facing nancial barriers, i.e., perceiving a strong difficulty nding internal or
external funding, tend to have more banking access; although this result seems to be counterintuitive, there is
a strong background of literature supporting that innovation, and barriers can be viewed as rms’ experience
measure on innovative markets (Arundel, 1997; Baldwin & Lin, 2002; D’Este, Iammarino, Savona, &
von Tunzelmann, 2012; Iammarino, Sanna-Randaccio, & Savona, 2009), so this result can be viewed as if
companies having strong nancial barriers were the ones making higher efforts to access bank loans because
they know innovative and nancial markets better than other rms.
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Firms belonging to high technology industries seemed to be credit constrained. i.e., there is a negative
relationship between those industries and bank funding. As was established by Giudici & Paleari, (2000),
it seems that banks restrict the number of loans to high technology rms because banks are not capable to
evaluate those kinds of ventures; this is, the market imperfections are stronger for rms in high technology
industries. is last result is related to the facts exposed by Hall & Lerner (2009).

At the same time, foreign capital rms seem to be negative related with bank funding; the fact that these
types of rms could have access to the nancial branch of their international headquarters, possibly decreased
the need to access bank loans. At this point, we tried to run a regression separating group funding sources form
an “other sources” variable, trying to determinate if foreign rms used group sources in higher proportions.
However, the result was not signicant.

e use of equity sources is related to intangible assets expenditure. As we posted before, rms with
intangible expenses were also prone to use internal sources, and rms with tangible assets were likely to use
banks. e fact that rms with intangible assets expenditure used in higher proportions internal and equity
sources, could be a clue for a possible existence of an APOT structure for these types of rms. However, as
we can see with the marginal probabilities, this is not the case. In the case of Colombia, the inexistence of a
deep stock market could be the cause of this result, and as it was developed in section 3, in countries in which
those markets are strong, internal founds and equity are more used than debt nancing.

Results for public grant funding show that in Colombia’s case, this type of funding is not closing the
gap between SMEs and big companies; bigger rms, that in theory are the ones confronting less market
failures, are likeliest to use government grants. At the same time, rms investing in R&D and intangible assets
are likeliest to use public grants. In the case of other sources, we found that no independent variables were
signicantly related to those sources.

To understand if innovative rms in Colombia follow a POT or an APOT capital structure, we calculated
marginal probabilities for each of the dependent variables of the multivariate model. As seen in table 5, the
rm’s likelihood to use internal funding is 88%, followed by banks with 30%, other sources 3.1%, public grants
3.1%, and nally equity funding with a 2.0% probability. Firms tended to follow a POT capital structure
with little likelihood of using equity sources.

Firms use internal resources in higher proportion mainly because the market failures elevate the external
cost of funding; then, if internal resources are not enough to nance their ventures, rms have to look for
external resources. In that direction, bank funding is vital for rms even when it is costly, and public and other
sources are more likely to be used than equity. Our explanation for the latter result is that in underdeveloped
countries, the liquidity and access to capital markets are inferior. In that sense, companies would prefer to use
equity over banks in some cases and present an APOT capital structure, however, the fact that the capital
market is illiquid and small (table 1), does not allow rms to access equity funds leaving companies with a
POT capital structure in which public and other funding sources are better suited than equity sources for
innovative ventures.

Sub-sample results

In order to perform a robustness check, we decided to divide the sample into some subsamples. In the same
sense, we were interested in determining if some sets of rms have different probabilities of being funded by
diverse nancial sources included in the survey.

First, we used a subsample of SMEs, and the results remained unchanged, as can be seen in table 6, a
rm likelihood to be nanced with internal funds, banks, equity, and other sources remained practically
unaltered. However, there was a slight difference in the probability of being nanced by public grants from
3.1% for the complete sample against 2.5% of SMEs, so it can be seen that small rms were, to some extent,
constrained by public grants. We also used a subsample for big rms; however, it cannot be said that regression
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coefficients were different from zero. For this reason, the marginal probabilities had to be interpreted with
caution; still, the fact that the likelihood of big rms being funded with public grants was more than two
times the likelihood of small rms, could reinforce the fact that SMEs had limited access to public funds.
In the same direction, with a probability of 33%, it seems that big rms had more access to bank funding,
against 30% of SMEs.

TABLE 6
MPR for SMEs and big rms

Notes: Multivariate Probit regression. Includes rms with R&D&i expenses in the 2007-2008 period.
* P. <0.05
** P.<0.01

*** P.<0.001
Source: Own elaboration.

We also performed a regression for the subsample of innovative rms (table 7). e results were quite
similar; however, the bank access to innovative rms was slightly higher than the total sample. e probability
for innovative rms to be funded by banks was 31.5% against 30% of the complete sample. ose results are
aligned with the ones of Hummel et al. (2013), rm innovativeness is related to nancial sources, and most
innovative rms are more affected by pecking order capital structure.

TABLE 7
MPR for innovative rms

Notes: Multivariate Probit regression. Includes rms with R&D&i expenses in the 2007-2008 period
* P. <0.05
** P.<0.01

*** P.<0.001
Source: Own elaboration.
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We executed the same multivariate probit regression in the case of rms using tangible and intangible
assets. Our results are aligned with those found by Manigart & Struyf (1997), and can be seen in table 8. In
the case of rms with tangible assets, results for the independent variables were the same as in the case of the
complete sample, however, the probability of bank access was slightly higher for rms expending on tangible
assets with a 32% against 30% of the full sample. It seems that rms with more tangible assets, and therefore
more collateral, could have more access to bank loans. In the case of intangible assets, the results showed that
there was a higher probability for rms to use internal funds with a 92% against the 88% of the complete
sample, or the 87% of the rms with tangible expenses.

TABLE 8
MPR. Firms with tangible and intangible assets expenses

Notes: Multivariate Probit regression. Includes rms with R&D&i expenses in the 2007-2008 period.
* P. <0.05

** 0.01
*** P.<0.001

Source: Own elaboration.

Finally, we divided the sample between rms with higher and lower amounts of R&D expenses; in this
case, we used the log of the expense in R&D by employee to divide the sample in the above-average rms and
below-average rms. e results can be seen in Table 9. Firms with higher expenditure in R&D seemed to have
a lower likelihood of using internal funds than in the complete sample. At the same time, the probability of
those rms to use bank funding increased in large proportion with 41% against 30% of the complete sample.
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TABLE 9
MPR. Firms above and below the R&D expenditure average

Notes: Multivariate Probit regression. Includes rms with R&D&i expenses in the 2007-2008
period. R&D expenditure average was calculated for the log of the R&D expenditure by employee.

* P. <0.05
** 0.01

*** 0.001
Source: Own elaboration.

In the case of rms with lower R&D expenses, we found that there is a 91% change for a rm to use internal
funds, against 85% of higher R&D rms, and 88% of the complete sample; this means that rms with less
R&D expenses, tended to use more internal funding. At the same time, rms with lower R&D expenses had
a radically lower probability of using bank loans, with 17% against 41% of their counterparts, i.e., rms with
lower amounts of R&D tended to use more internal funding and fewer bank loans.

In the case of Aghion et al. (2004), and Minola & Cassia (2013), they found that the use of equity arises
for rms with higher R&D, however, in our case, we cannot support that result. e probability of a rm
to use equity was not affected by the amount of R&D used, and these companies had a lower probability
to be nanced by equity. As we posted before, a possible explanation for those differences could be due to
the characteristics of capital markets in Colombia. In the case of Aghion et al. (2004), Minola & Cassia
(2013), and Audretsch & Lehmann (2004), the size and liquidity of the U.K., U.S., and German markets
can give access to rms for equity funding, therefore, the possibility of rms to replace debt for equity, when
their ventures become larger or risky, can arise. However, in underdeveloped countries, rms could be equity-
constrained given capital market characteristics.

Based on the late results, we can argue that in a country like Colombia, innovative rms will tend to nance
their innovation ventures in the same way that POT predicts, i.e., rms will be highly supported on internal
funding. However, if internal funding is not enough to support ventures, rms have to have access to bank
debt, and in lower proportions, to other types of funds like equity, public grants, and others, with equity
being the least used funding source.

ose results reinforce the fact that the nancial behavior of innovative companies in a country like
Colombia could be different than the behavior of companies in developed countries. In markets in which
companies have deep and liquid markets, researchers tend to nd APOT capital structures, but in our case,
we found a POT structure. We believe that this result is caused by the impossibility of Colombian companies
to use capital markets in order to nance innovation, given the low liquidity of this type of markets in this
country. At the same time, our results show the necessity to design policies directed to overcome nancial
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impediments of innovative rms in developed countries; however, we need to create those policies looking at
the insights of our rms, instead of copying policies from other countries because rms are slightly different.

CONCLUSIONS

Reviewed researches about the capital structure of innovative and high technology rms seems to be
contradictory. Some of those researches found that rms back up their R&D and innovation activities as
described by the pecking order theory (POT), however, some others found evidence of an Altered Pecking
Order eory (APOT) structure. However, given that researches with evidence related to the APOT have
been developed in countries like United Kingdom, the United States, and Germany, and in some cases with
publicly traded rms, we confronted those results founded in a context of developed capital markets against
an underdeveloped country with small and illiquid capital markets like Colombia, and for non public rms.

We used the EDIT database for Colombia between 2007-2008, with 2.621 manufacturing rms with more
than ten employees and with R&D expenditures. Given that we found signicate correlations among the
different types of sources used by these rms, we used a multivariate probit model to consider the simultaneity
of the innovation funding phenomena.

Our results showed that the type of expenditures in which rms use their funds are essential to determine
the nancial sources used. Firms with internal funding are the ones expending on R&D and intangible assets.
We believe that rms investing in that type of assets face higher information asymmetries and have lower
capabilities to provide guarantees to use external funding. In the case of bank funding, the loan guarantees
are fundamental to the access to debt. We argue this because we found positive and signicant relationships
between bank funding and expenditure on tangible assets.

In the case of public grants, an expenditure patron similar to the ones using internal sources were found,
i.e., rms using public grants were the ones expending on R&D and intangible assets. We also found
that intangible expenditures are related to equity funding, and it seems like rms with positive R&D and
intangible expenditures supported their ventures by using internal, equity, and public funding.

Our results seem to be related with literature showing that rm characteristics are determinant to the way
innovative rms can have access to innovation funds (Bartoloni, 2013; Hummel et al., 2013; Minola et al.,
2013; Ullah et al., 2010), however, this is not the case for internal funding, size, innovative behavior, or the
perception of nancial barriers, because they are not related with internal funding. Contrarily, the use of bank
funding was strongly related with some rm characteristics. For instance, bigger rms and companies with a
positive innovative behavior tended to have better access to bank funding; in the same direction, rms with a
strong perception of nancial barriers tended to use bank funding in higher proportions. As can be found in
the literature, we related this late result to the fact that rms with higher perceptions of nancial barriers had
more experience in funding markets than other rms. At the same time, rms belonging to high technology
industries seemed to be credit-constrained, i.e., there was a negative relationship between those industries and
bank funding. We argue that market imperfections related to banks are stronger for rms in high technology
industries. We also found that bigger rms are related to the use of public grants, and therefore, the funding
gap between SMEs and big rms is being accentuated for public funding.

We found that innovation ventures in Colombia follow a Pecking Order capital structure, i.e. rms are
strongly using internal funds, followed by banks, and then equity sources. However, the probability of
rms using equity sources was lower than the probability of using government grants or other sources. To
understand how some particular groups of rms have different likelihoods to access nancial sources, we
studied the success probabilities for rms using one or another funding source. We found that no matter how
the samples were divided, rms were following a pecking order capital structure; however, we found that the
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probabilities for the use of internal sources were higher when rms had lower R&D expenditures. Also, the
probabilities for the use of bank funding were higher for those rms with upper R&D expenditures.

Our results can be contrasted with the Aghion et al. (2004), Minola & Cassia (2013), and Audretsch &
Lehmann (2004) research. Firms placed in countries like the United Kingdom, United States, or Germany,
have higher access to equity funding given the characteristics of capital markets in those countries, and
therefore, the possibility of rms replacing the debt for equity when their ventures become larger or risky
can arise.

In order to successfully raise equity from markets, rms need to be supported by a liquid and specialized
capital market to undertake an IPO, or to provide the necessary conditions for an exit strategy for an early
venture capitalist (Hall & Lerner, 2010; Kerr & Nanda, 2015). However, in underdeveloped countries like
Colombia, rms could be equity-constrained given that capital markets are in embryonic stages. erefore,
if internal funding is not enough to support ventures, rms have to access to bank debt, and in lower
proportions, to other types of funding like public grants. e fact that rms with strong expenditures on
intangible assets, seem to use equity in higher proportions, could be a sample of that singularity in developed
countries, and that cannot be stronger in our case given the grade of development of Colombia’s stock
markets.

ese results have strong policy implications; if innovative and high technology rms have problems
nancing their ventures externally, and in developed capital markets rms have easier access to high-risk
equity, and venture capital, it is necessary for policymakers of underdeveloped countries to back up the
expansion of strong and liquid capital markets in order to support the growth of innovative ventures; in the
meantime, governments need to assure the provision of funds for R&D&i from debt markets and using public
funding. At the same time, policymakers of underdeveloped countries, should not use policy designs used
on developed countries, given that rm differences, but also, market differences, shape the way companies
found their innovation ventures.

We believe that differences not only among companies, but also among capital markets within countries,
are fundamental to understand the results of capital structures of innovative rms, because, in a country in
which capital markets are deep and well organized, the APOT structure will arise as the result of market
possibilities, but in countries with smaller and undeveloped markets, the POT structure will be more suited
for industrial innovation. is research is a contribution to literature, because we propose that research results
differences could be due to specic rm differences, but also due to differences in nancial markets.

Research limitations and future research

Our research uses data from innovation surveys instead of using nancial data from rms like is the habit
in nancial and innovation literature related to capital structure. is fact has its pros, and for example, we
can assure that our results are deeply related to innovation activities, and we can guaranty that other factors
related to operational, and nancial day by day, are not affecting our results.

However, this fact also has cons. In rst place, we would like to introduce some variables that are generally
used by researches related with capital structure, for example, if the company is publicly traded or not,
proprietary structure of the company, amounts of xed capital on books, Tobin’s Q., and so on; however,
innovation surveys, do not have information about this variables, and particularly in the case of Colombia’s
survey, we are more restricted given that this is an anonymized survey.

At the same time, there are some questions that are asked usually on innovation surveys like, age of the
rm, or amount of revenues related to innovation, that we cannot use given the secrecy of this survey. At
the moment in which we perform our regressions, only data for the 2008-2009 survey was available; this
does not allow us to perform panel regressions in order to understand if this was a permanent or temporal
phenomenon. In the future, we want to develop more research about this topic using data from more recent
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years, and researching whether the development of nancial markets is related to private R&D expenditure
of countries.
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APPENDIX

TABLE A1
High technology industries

Source: EDIT 2007-2008.

Notes

* Artículo de investigación cientíca.
1 Manufacture industry survey for technologic development and innovation (Encuesta de desarrollo e innovación

tecnológica de la industria manufacturera)
2 Includes cooperation, economic group, and other nonrelated rms funding.
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