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Abstract:

Data on innovation financing in Colombia present a paradox: Manufacturing companies prefer to finance their innovation
projects with their own capital, with bank loans in second place, and cheaper public funding last. Extant financial theories
cannot explain such a paradox (reversed pecking order), making a different approach necessary. Hence, a new perspective is
presented on the basis of Sierra’s (2014, 2020) proposal. A fixed effects panel estimation is carried out that includes three new
variables: A Knowledge Incorporation and Consolidation System, interaction among companies and funders, a particular type of
investor (Dedicated). The results support the alternative explanation. Additionally, research possibilities, designs and
applications of public and organisational policy aimed to overcome some of the problems mentioned are proposed.

JEL Codes: D81, D92, G32, 016, O31.
Keywords: Alternative funding, investment strategy, project uncertainty, risk funding, strategic decision-making, paradox.

Resumen:

Los datos sobre la financiacién de la innovacién en Colombia presentan una paradoja: las companias manufactureras prefi
eren financiar sus proyectos de innovacién con su propio capital, usando préstamos bancarios como segunda opcién o, en
tltima instancia, fondos publicos de bajo costo. Las teorfas existentes no pueden explicar esta paradoja (inversién del orden
jerdrquico), y hacen necesario un abordaje diferente. Por tanto, se presenta una nueva perspectiva a partir de la propuesta de
Sierra (2014, 2020). Se realiza una estimacién de panel de efectos fijos que incluye tres nuevas variables: un Sistema de
Incorporacién y Consolidacién de Conocimiento, la interaccién entre compaiifas e inversionistas, y un tipo particular de
inversionista (Dedicado). Los resultados apoyan la explicacién alternativa. Adicionalmente, se proponen algunas
posibilidades de investigacién, ademds de disefios y aplicaciones de politicas publicas y organizacionales orientadas a solucionar
algunos de los problemas mencionados.

CédigOSJEL: D81, D92, G32, 016, O31.
Palabras clave: Financiamiento alternativo, estrategia de inversidn, proyeccién de incertidumbre, financiacién de
riesgo, estrategia de toma de decisiones, paradoja.

Resumo:

Os dados sobre financiamiento da inovagio em Coldémbia apresentam um paradoxo: as companhias manufatureiras preferem
financiar seus projetos de inovagio com o seu proprio capital, usando empréstimos bancdrios como segunda opgio ou,
finalmente, fundos publicos de baixo custo. As teorias existentes nio conseguem explicar este paradoxo (inversio da ordem
hierdrquica), fazendo uma abordagem diferente. Por tanto, uma nova perspectiva ¢ apresentada a partir da proposta de Sierra
(2014, 2020). Um painel de estimacio de efeitos fixos foi realizado com a inclusio de trés novas varidveis: um Sistema de
Incorporagio de Conhecimento ¢ Consolidagio, a interagio entre companbhias e investidores, ¢ um tipo particular de investidor
(Dedicado). Os resultados suportam a explicagio alternativa. Alids, propdem-se algumas possibilidades de pesquisa, além de
desenhos e aplicages de politicas publicas e organizacionais orientadas a solucionar alguns dos problemas mencionados.

Cédigos JEL: D81, D92, G32, 016, O31.
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Palavras-chave; Financiamento alternativo, estratégia de investimento, projegao de incerteza, financiamento de risco, estratégia
da tomada de decisoes, paradoxo.

Introduction and problem approach

Colombia is the most recent member State of OECD and it barely invests 0.25% of GDP in science,
technology and innovation (STI). While public spending on STT activities recently reached 30% of total
funding, private actors contribute the remaining 70%; firms contribute 53% of the total spending, and higher
education entities, non-governmental organisations, research centres and government entities contribute the
remaining 47% jointly. Likewise, Minciencias' —the Ministry of Science, which is the hub of the national
innovation system~ is the main financier of seed capital in the country; at a regional level, the departmental
(Colombian states) governments contribute to such financing through oil and mining royalty funds allocated
to STT activities. However, there are few companies that bet on innovation as a central component of their
competitive strategy and, in addition, there are even fewer that operate in technology-intensive sectors. In
fact, despite being the newest OECD member, Colombia is the new zzil-light according to OECD standards
in this subject (OCyT, 2018).

Moreover, only a few first and second tier financial institutions are interested in financing STT projects
in Colombia. To complete this picture, venture capital in many cases faces serious restrictions as in almost
all Latin American countries (Jiménez, 2008); also, potential applicants seem not to know or recognise this

alternative? to finance their projects. Additionally, the stock/equity market is underdeveloped and inefhicient.
This snapshot shows Colombia as a country relatively close to the stereotypical Tylecote and Visintin’s (2008)
Family/State pattern in terms of its corporate governance and financial system characterisation, particularly
in reference to coordination and control; however, it does not fit the category perfectly since transactional
bank debt is the main funding source, but VC is essentially absent (Table 1).

Interestingly, according to previous research on this subject, most Colombian firms prefer to finance their
innovation projects with internal liquidity (undistributed profits) in the first place. Only when these funds

are non-existent or insufficient, they go to commercial banks for funding’ (loans) or, very marginally, they
get financing from suppliers or clients (deferred or advanced payments) (Sierra, Malaver, & Vargas, 2009;
Barona, Rivera, & Aguilera, 2015). Yet, external financing seems to be more relevant in the case of small and
medium-sized firms (SMEs) (Garcfa, Barona, & Madrid, 2013), possibly due to their low degree of liquidity.

TABLE1
Major stereotypical systems of corporate governance and finance
Characteristics Shareholder Stakeholder State-led Family/State
Type of coordination Outsider Insider Insider Insider
Directness of control & | Indirect Direct Varying Direct
Degree of managerial
autonomy
Poles of control Unipolar Multiple Bipolar Unipolar
Retained profits, | Bank debt | Bank debt (banks | Subsidies and others
Corporate bonds, (relational), agents for/owned by | (State-owned firms),
Funding sources Private  equity Transient private govemment) Bank debt
(VC & LBOS), equity, ... Large banks-to- | (transactional),
IPOs VC from banks large firms vC
Typical example USA, UK Germany, Japan, | France, Korea Italy, Spain, Greece,
Nordic countries Portugal

Source: Sierra (2019) based on Tylecote & Visintin (2008)

When external funds become desirable, companies prefer to go to local commercial banks rather than to
available public financers (Table 2) or to international banks. On the other hand, funding through private
bond placement is rare (Sierra et al., 2009; Barona et al., 2015). Thus, innovative Colombian companies,
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unlike what established by the standard pecking order theory (i.c., equity, debt, new private capital), do not
seem to like new private capital to finance their innovation projects4.

This situation pictures a particular scenario: Colombian firms invest little in STT activities but prefer to do
so based on their internal resources. Public entities offer the best options for external financing (subsidies and
soft loans), although partial and limited in terms of amounts. However, firms with low liquidity indicators
prefer to go to local commercial banks. Moreover, these companies rarely seek fresh private capital (perhaps
because it is scarce), except for some cases where over-the-counter resources are sought (for example, some

start-ups) (Table 2).

External financing sources available in Colombia
Government Companies Banks Specialised I Non-specialised I
Colciencias No public info | Bancoldex, Several active private funds | Angelfunding scarce butavailable
(National STI hub | about corporate | Findeter (national and international), but [ — Four networks: Capitalia
agency) w funds, not many support risky projects | Colombia  (Medellin), ~ Red
(Public, 2% .
particularly such as innovation-related ones. | Nacional de Angeles
Tier)
aimed at Inversionistas (Bogotd), RaiCap

Most  investments  directed

innovative (Medellin), TIC-HubBOG

towards real estate,

projects (Bogota). 2010 operations reached

infrastructure, etc.

USD 1 mln - 2015 operations got
over USD 8 mln

0il royalties
(Regional funds)

Few

commercial

Bonds and stock are not usually

traded to raise funding for

OTC: Friends / Family / Founders
/ Fools

banks innovation
(Private, 1%

Tier)

Ministries Institutional investors (pension
(Agriculture,

ICT...)

funds) do not usually put money

in innovative companies

Innpulsa, SENA,
Ruta N (Medellin)

Source: Own elaboration

This diagnosis, based on the few existing studies (Sierra et al., 2009, Garcia et al., 2013, Barona et al., 2015),
not only presents an approximate profile of the behaviour of innovative Colombian companies, but also
seems to suggest some characteristics of the projects developed by these companies. In addition, it is clear that
there is a lot of research to do regarding other innovative Colombian organisations such as higher education
institutions, research centres (e.g., sectoral technological development centres) and technology parks, and
their way of financing STT projects and activities (OCyT, 2018).

Thus, in this paper we want to address some questions related to the paradox described above, particularly
the relational dimension between the two parties: supply and demand of funds. How well do innovation
project owners (e.g., firms) know the Colombian institutional and financial grid? How often do the two
parties (supply and demand) get in touch? Does the Colombian financial institutional grid adequately
respond to the financial needs of innovative sectors and firms? What is the role of strategy in the case of
innovative companies?

Previous studies seem to indicate that Colombian innovative companies do not know the national STI
system, and particularly its financial actors, well enough or they are somehow not interested in taking
advantage of the sources and financing mechanisms available due to some factors such as red tape (in the
past, that included finding university-based allies as necessary partners to access public funding calls), the
requirement of real collateral, and the high costs that dissuade them from considering external resources.

The primary obstacles seem to refer to an inadequate context and mechanisms of interaction (matching
environment/mechanisms) and, therefore, to the availability of few financing sources/mechanisms with
restrictive conditions that hinder the adaptation and coupling of supply and demand of funds. Moreover,
the limited record of success of both sides and knowledge asymmetries could also be factors that hamper the
creation of trustworthiness in the relationship, particularly in the case of SMEs and start-ups (Sierra et al.,
2009, Otdlora, Hurtado, & Quimbay, 2009, Garcia et al., 2013, Barona et al., 2015, Sierra, 2018).



Cuadernos de Administracion, 2021, vol. 34, ISSN: 0120-3592 / 1900-7205

Finally, although there are no detailed studies on the strategies of innovative companies in Colombia,
the limited evidence available seems to indicate that the prevailing presence of short-term and cost-related
criteria is an important determinant of business decisions. The limitations of such an approach are consistent
with the characteristics of the institutional financial grid and the Colombian STI ecosystem. This brief
characterisation highlights the embryonic development of the national STT system in relation to such a key
variable as the development of adequate funding sources and mechanisms.

Therefore, the particular question that is addressed in this paper is: How can the paradox about the use of
financial sources and mechanisms by innovative firms in the Colombian STT system be explained?

A relevant theoretical framework

Traditional literature on financing innovation

In simple terms, the abundant c/assic financial literature (Becchetti & Sierra, 2002, Hall & Lerner, 2010,
Sierra, 2014) offers two approaches that explain investment in innovation projects. The selection approach
assumes that project owners (company or researcher) or potential funders (external investors) choose their
partnerfrom a group of possible individuals. Project owners/investors select their funders/inventors (Myers
& Majluf, 1984; Amit, Brander, & Zott, 1998; Gompers & Lerner, 2001; Eckhardt, Shane, & Delmar, 2006;
Ullah, Abbas, & Akbar, 2009; Knockaert, Clarysse, & Wright, 2010; Mina & Lahr, 2011; Bertoni & Tykvova,
2012).

The inducement approach assumes, instead, that project owners/investors actively seck an opportunity and
when they find it, they try to convince the other party to establish an investment relationship. In other
words, project owners try to persuade investors to support the project with their resources and investors try
to convince project owners that their financial (and other type of ) support is the most appropriate for the
project (Bygrave & Timmons, 1992; Gompers & Lerner, 1998, Powell, Koput, Bowie, et al., 2002; Gulati &
Higgins, 2003, Hallen, 2008, Bertoni, Colombo, & Grilli, 2011; Hallen & Eisenhardt, 2012).

These explanations have a strong bias because from two perspectives (source hierarchy or pecking order
theory - POT and catalytic strategies - CST), the only criteria apparently sufficient to choose a funding
source are the preferences/conveniences, the initiative, and strategies of project owners. On the contrary,
from the perspective of passive search theory - PST and active search theory - AST, it is argued that investors
apply objective criteria to assess the projects proposed by the owners and there is no other type of interaction
between the parties or additional information is needed to make investment decisions, although active search
involves some exchange of information (Table 3).

In addition, these explanations leave aside the contextual factors of financing decisions made by project
owners, as well as by investors, and their dynamics (e.g., selection criteria and fixed or changing preferences,
stage of project development). The characteristics of investors and project owners, their behaviour, and their
impact on interactions are not considered in these explanatory models, either.
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Main theoretical explanations on innovation founding
Approach Selection Inducement
Explanation POT PST CST AST
Main Entrepreneurs/Fi y -
Investors Entreprencurs/Firms Investors
Player ms |
. o - . . . “Objective” selecti
Ranking of bio- “Objective” selection Firm executives’ cﬁléll?iacl'l‘rc selection
pharma venture criteria: behaviours to shape | . e
) . . o i)  Profitability
owners’ funding | . - their opportunities & i P
i . 1) Profitability : 5 i) Size of final
preferences*: P : e or investors
ii)  Size of final market S CEmERES o market
i) VC&BA i) Quality of . . iil)  Quality of
s S form ties: S
funding; bioscience bioscience
i) Public iv) Characteristics of i) casual dating iv)  Characteristics of
i) f\:]d;: . the regulation ii) timing around the regulation
ne v)  Readiness of roafg it v)  Readiness of
iii) [IPOs] investee firms P! P investee [irms
- : and : .
vi) Co-location serutinizin vi)  Co-location
Strategic vii) Intuition E L 2 vii) Intuition
Issuies interest
U PLUS - PLUS
ii1) crafting
Project submission by alternatives Active scouting of
entreprencurs/firms < investment
1v) investment tie P
- = " . opportunities
Track record in spotting formation
winners and generating ‘I'tack record in
rewards for limited spotting winners and
partners generating rewards for
limited partners +
evidence of coaching
added value offered to
venture owners
Entrepreneurs / Entrepreneurs/Firms Entrepreneurs/Firms | Funders actively
Firms choose submit projects and lacking direct ties to | search for ventures to
their funders on | funders “cherry pick” the | funders try to attract | fund and select the
the basis of their | best according to investors through best according to
preferences, “objective” screening specific strategic “objective” screening
including costs criteria such as: behaviours criteria such as:
Rationale and firm control | profitability, market size, profitability, market
quality of bioscience, size, quality of
characteristics of bioscience,
regulation, readiness of characteristics of
investee, intuition, co- regulation, readiness
location of investee, intuition,
co-location

* Different from the standard POT ranking of preferences originally established by Myers and Majluf (1984).
Source: Sierra (2014)

This is how imbalance and bias seem to suggest that decisions are independent and do not involve
interactions between the parties. Furthermore, it is assumed that decisions are isolated from their context in
terms of time and socio-geographical issues, which weakens the explanatory power of the existing approaches
(Sierra, 2014).

An alternative theoretical approach

From a systemic sectoral perspective, a different explanatory model proposes to eliminate the problems
of traditional approaches to financing innovation. The essential points of the proposal are: 7) there is a
continuous and consistent interaction between project owners and potential Investors; z'z') interactions are
articulated around knowledge, characteristics of the parties, and features of the context; these elements, like
the preferences of the parties, can mutate over time and shape the interactions; i77) knowledge and networks
creation are deeply linked and play a significant role in the interactions of the parties involved; 7v) decision-
making processes of the parties on innovation financing and their changes over time deserve a more complete,
explicit, and detailed description (Sierra, 2014; Sierra, 2018).

Under this perspective, it is proposed that both project owners and investors build and possess a Knowledge
Incorporation and Consolidation System (KICS) that changes over time and that, in the first case, includes
the necessary knowledge to innovate, to search, and to negotiate the financing for projects and, in the
second case, includes technical and financial knowledge about innovation in a given sector and, also,
knowledge underlying the ability to create networks. In this abstraction Knowledge has two forms, stock
(i.e., knowledge accumulated through learning, experience, etc.) and flow (i.c., new knowledge mobilised
by different channels, including networks) (Figure 1). The KICS underlies the interactions of the parties
involved (Sierra, 2014).
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Note: The structure of the knowledge stock plus the concentration of investment funds in a given
sector distinguish dedicated investors from generalist investors.

FIGURE 1

Investors’ knowledge types and funding categories
Source: Sierra (2014)

Additionally, it is necessary to bear in mind that despite the regulatory proposals on the creation of a large
and well-established Institutionalised Financial System (IFS), the same sources and financing mechanisms
are not available in all contexts and not all existing sources, including over-the-counter financiers who are
more active than ever (Sierra, 2020), have the same willingness to finance innovation projects. Each potential
external funder also has different characteristics and preferences concerning the investor base (and its impact
on the amount of funds and the size of the team), the time horizon of interest and the timing of the decision,
the structure of the preferred investment (co-investor vs lone investor), the preferred investment stage, and
the preferred exit mode (Sierra, 2014).

Because of the role that the KICS plays in formulating and deploying the strategy to seck investment
opportunities by potential funders, four categories of external funders of innovation projects emerge:
Specialised, non-specialised, dedicated, others (Figure 1). Particularly, two types of radically different external
investors come forth (dedicated and generalist) which differ in their roles and strategic approach (Table 4),
even though they can eventually mutate from one investor category to another (Sierra, 2014).

Likewise, this explanatory approach proposes that, in a sector-specific STI ecosystem, the financing
decisions of innovation projects by potential external investors cannot be explained without taking into
account how much knowledge the two parties have on the STT ecosystem and, especially how well project
owners know the relevant Institutionalised Financial System (IFS). Moreover, financing decisions cannot be
explained without considering the characteristics and preferences of the counterparts (supply and demand of
investment) and their interaction strategies, especially when the whole theoretically possible range of sources
and financing mechanisms is not available and may not be interested in innovation projects. Therefore, it is

not strategically equivalent to seek and interact with dedicated investors or with generalists (Sierra, 2014,
2020).
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TABLE4
A summary of the main differences between investors
Characteristics Dedicated Generalist
Strategic approach | Learning and shaping Sclecting
Roles: Funding High High
Roles: Monitoring | Higher Lower
Roles: Signalling Higher Lower
Roles: Coaching Higher Lower
Very carly / carly to late stage Latc stage

Strategic approach
differential issues

Idea-centric (pre-IPRs)

Assct-centric (IPRs established)

Mostly proactive
“Learning” criteria

Mostly reactive
“Objective” selection criteria

Depth approach
Higher networking (and network-
based knowledge)
Higher learning
Higher shaping and coaching

Scope approach
Lower networking (and network-
based knowledge)
Lower learning
Lower coaching

Lead co-investor

Follower co-investor

Investor KICS
High Network-Based Knowledge
High Financial Technical
Knowledge

Investor KICS
Low Network-Based Knowledge
High Financial Technical
Knowledge

Longer term commitment (ITH)
Pre-seed / Seed (Crystallisation)
Follow on
Knowledge of most/all stages

Shorter term commitment (ITH)
After clinical trials (closer to
market)

Usually onc off
Specialisation in late stage

Combination of science / people /
financial criteria

More “financial criteria”-led

Last to exit when return flows and
time decrease (deeper commitment)

First to exit when return flows and
time decrease (shallower commitment)

Easicr shift into new sub-space or

Harder shift into new sub-spacc or

space (See Investor KICS) space (See Investor KICS)

Investment base (IB) (impact on pocket depth and team size)

Investment time horizon and timing (ITH&T)

Other key fund

characteristics Investment structure (IS)

Preferred stage for investment (PST)
Preferred exit mode (PEM)

Note: Higher and lower are used to establish comparative degrees between the two types of investors.

Source: Sierra (2014)
Financing innovation in Colombia

After analysing the c/assic financial literature and the alternative theoretical approach to financing innovation,
it will be contrasted for Colombia through an econometric data panel model explained below.

Data and sources

The data on which this analysis is based comes from two sources: The Development and Technological
Innovation Survey (EDIT, in Spanish) and the Annual Manufacturing Survey (EAM, in Spanish), both
applied to Colombian companies by the National Administrative Department of Statistics (DANE, in
Spanish). The sample includes a time horizon of ten years, covering from 2007 to 2016. The panel database
has 41,580 observations, which allows tracking the evolution of 4,158 companies during the ten years
included in the study. The survey includes manufacturing companies with more than 10 employees or with a
production value of more than 130,000 US dollars for 2016°. The sample includes companies from 22 sectors
of economic activity identified with the International Standard Industrial Classification (ISIC) at two digits.
The manufacturing companies included in the sample are mostly SMEs®, private (firms where the State
owns 49% or less of the assets), non-exporting, and employ few highly qualified personnel (personnel with a
master’s or PhD degree). On the side of innovation, the picture is not encouraging; innovative manufacturing
firms (IF)” are a minority and even fewer are those that make innovations with greater geographic scope (SI).
Likewise, there are also few companies that cooperate to innovate with another ecosystem actor (Table 5).
In terms of innovation investment, the scenario is similar. On average, Colombian manufacturing firms
invest 391 million pesos (US$ 120,000) of their own resources annually, obtain commercial bank loans for
81 million pesos (US$ 25,000), access 3 million pesos (US$ 1,000) of public resources and 2 million pesos
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(US$ 616) from capital funds, and only 0.4 million pesos (US$ 125) via cooperation resources (Table 5).
The results are consistent; few manufacturing firms innovate, usually the largest ones, and these show great
advantage over all others (Tables 6 and 7).

TABLES
Sample generalities
Variables Mean S.D.

Innovative firm (IF) 0.335 0.472
Broad innovator (BI) 0.319 0.466
Strict innovator (SI) 0.016 0.125
Onwn resources 391,238,000 6,104,000
Business group resources 6.272.000 384923
Resources from other companies 1,711,000 177 685
Private banks resources 81,420,000 1379000
Capital fund resources 2.069.000 174 830
Public resources 3,252,000 103,389
Cooperation resources 416400 20,567
Proportion of highly qualified personnel 0.023 0.076
SME 0.876 0.330
Private company 0.956 0.240
Exporter 0.298 0.457
Observations 41,580

Source: Own elaboration based on EDIT-IV to EDIT-VIII

In this context of little innovation, another problem is evident: The limited growth of international
competitiveness guided by innovation (only 1.59% firms achieve innovation-based improvements aimed at
the international market and 1.62% state having the intention to innovate - column 2, Table 7).

This scenario reveals that firms do not have a lot of incentives to innovate and, on the contrary, innovation
is perceived as unprofitable (54.4%) due to alleged uncertainty regarding the demand for innovations on the
market (62.4%) and the uncertainty regarding the success of projects (57.9%) (Table 8).

Other factors include the lack of own investment resources (63.4%), and the apparent ease of imitation by
third parties (55.8%), which suggest that most companies have a low capacity to protect their innovations
(Table 8). This is not new. The last report on the subject (SIC etal., 2017) indicates that the country is lagging
behind in Latin America. Although there is a growing trend in the number of patent applications submitted,
as well as in brands, the ownership of such applications is mostly in the hands of foreign residents (e.g., parent
company where application originates).

TABLE6
Percentage of companies that innovate by firm size
Innovative firm Yes No
Micro 1870%  81.30%
Small 2881%  71.19%
Medium 0247%  5753%
SME 2070%  70.21%
- 59.93%  40.07%
Total 3349%  66.51%

Source: Own elaboration based on EDIT-IV to EDIT-VIII
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TABLE7
Type of innovation by to firm size
_— Broad Strict Prospective Non- Potential
innovator innovator innovator innovator innovator
Micro 1827% 0.43% 1.60% 75.68% 402%
Small 2791% 0.90% 1.65% 64.54% 5.00%
Medium 40.35% 2.12% 1.91% 49.70% 593%
SME 28.71% 1.09% 1.70% 63.51% 5.00%
Large 54.81% 3.11% 1.03% 34.71% 434%
Total 31.95% 1.59% 1.62% 59.93% 4.92%

Source: Own elaboration based on EDIT-IV to EDIT-VIII

Finally, when examining the obstacles to innovation by firm size, it is found that they are not equal for
all. In large firms, uncertainty and low profitability of innovation are the protagonists, while among small
and medium-sized firms the scarcity of own resources and uncertainty are more important. Subsequently, the
weak protection of innovation affects all firms and, interestingly, the difficulty of accessing external financing
appears in a secondary position among the obstacles examined (Table 8).

TABLES
Obstacles to innovation
Obstacle Micro Small Medium SME Large Total
Shortage of own resources 70.75% 6886% 6L30%% 66.63% 50.79%% 63.42%
Lack of qualified personnel 5634% 5513% 4870% 5317% 3417% 4933%
Difficultyin complying with rezulations 4695% 4305% 3040% 4292% 3382% 41.08%
Littleinformation aboutmarkets 5320% 5047% 4728% 49082% 4186% 4821%
Littleinformation about available technology 5098% 4899% 4263% 47.18% 3667% 43505%
Littleinformation about public sipport 5044% 3133% 4572% 4933% 38.12% 47.06%

Uncertainty in the face of the demand for innovations 60.87% 63.06% 63.12% 6274% 60.81% 623500

Uncertainty about the success of the project 58.01% 59.04% S850%% 5916% 51800 57.880%%
Low profitability of innovation 533%% 3661% 5290% 5491% S5130% 5438%
Difficulties in accessing external financing 5374% 5142% 4227% 4872% 3193% 4333%
Few posibilities for cooperation to innovate 4946% 49.03% 4263% 4696% 3391% 4432%
Ease of imitation by third parties 57.62% 57.85% S56.80% 57.47% 4898%% S5575%
Littleinstitutional capacity to protect inventions 5623% 5846% 52.14% 5577% 46.66% 40.78%
Low offer of testing services and certificaions 4204%  4364% 3850% 4168% 2934% 3018%

Source: Own elaboration based on EDIT-IV to EDIT-VIII
A typical traditional analysis

In order to deepen the issue of financing innovation in Colombian manufacturing firms, we carried out an
approach similar to Sierra et al. (2009) and Barona et al’s (2015). The analysis confirms the existence of a
particular pecking order in which financing with internal resources predominates and is more pronounced in
large companies due, presumably, to their greater liquidity (Table 9).

This is consistent with the great importance (second place in preferences) of external resources, mostly
private bank loans, to finance innovation in SMEs despite their higher relative cost. Indeed, it reveals a
paradoxical fact that configures a curious preference system (reversed pecking order) since the resources of
public financing, which are less expensive than private, appear only in a third place of the classification and
below private bank loans (Table 10).
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TABLE9

Sources of innovation financing
Source of resources Micro Small Medium SME Large Total

Internal 52.18% 6255% 64.27% 6322% 84.05% 81.23%
External 47.82% 3745% 3566% 3674% 1595% 18.77%
Total 100% 100% 100% 100% 100% 100%

Source: Own elaboration based on EDIT-IV to EDIT-VIII

TABLE 10
Sources of financing according to business size
Source of resources Micro  Small Medium SME Large  Total
Own 5218% 61.12% 6408% 6270% &8270% 8011%
Business group 0.00% 144% 0.20% 0.52% 133% LI2%
Public 0.60% 1.83% 1.11% 128% 0.60% 0.89%
Other companies 0.12% 1.06% 0.53% 0.66% 031% 0.26%
Private banks 4667% 3311% 3361% 3412% 1433% 1701%

Private capital 0.13% 1.13% 0.26% 049% 045% 0.51%
Cooperafionand donations  0.13%  0.31% 0.16% 0.20% 0.07% 0.10%

Total 100%  100% 100% 100%  100%  100%

Source: Own elaboration based on EDIT-IV to EDIT-VIII

This is quite curious among Micro and SMEs, since microenterprises go to private bank loans more than
small and medium enterprises and use public funds much less than the others (Table 10). This is especially
striking given the fact that commercial bank loans should usually be guaranteed by real collateral that these
companies do not usually have.

To confirm these descriptive findings, the following econometric analysis is carried out: A fixed effects
panel estimation, which allows the mitigation of possible biases of unobservable variables that can be

controlled as long as these factors are time invariant. The fixed effects model is shown in equation (1) and

includes variables regarding the characteristics of each firm and each period of observation time®:

Yie = Bo + B1Dit + Br Creie + VaF1 + o+ YnoaFooy + o+ 8Ty + -+ 84 Tjy + & Equation (1)

Where v« corresponds to either innovative firms (IF), strict innovators (SI) and broad innovators (BI). A ¢
vector of control variables is also included, which is described later. = andn correspond to the firm and time
fix effects dummies, along with their correspondent coefhcients, v and .

In the case of the independent variables g,x., we used the different financing sources described in the
innovation survey —internal resources and external resources were used, which were divided as follows:
Internal resources include own resources and resources of the business group; external resources include
public resources, resources from other companies, resources from private banks, private capital, and
cooperation and donation resources.

In addition, the control variables @ used were: Firm age, logarithm of the value of the firm's annual profi,
SME dummy, the percentage of highly qualified personnel employed, exporter dummy, privately owned
dummy, cooperation for innovation dummy, and logarithm of value of firm’s annual capital (property, plant
and equipment).

The econometric analysis (signs and magnitudes of the coefficients and levels of significance) confirms the
paradox described by the reversed pecking order both under the general concept of innovative firms, and in its
disaggregation by levels of innovation where even public resources are not significant as explanatory variable

(Tables 11aand 11b).
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TABLE 11A
Effects of resources sources on innovation -

Variable Imnovativefirm Broad imnovator Strict innovator
OwnResources 0.0497% 0.0483 5= 0.00140%=
(0.000658) (0.000729) (0.000320)
Extemal Resources 0.02174+ 0.0201 =+ 0.00160%+
(0.000836) (0.000986) (0.000495)
Age 581605 0.000601 -0.000659*++
(0.000619) (0.000655) (0.000238)
Profits 0.00201 385005 0.00205
(0.00333) (0.00368) 0.00152)
SME 00176 00224 0.00484
(0.0150) (0.0216) (0.00990)
Highly qualified personnel 0.0230 0.0563 003347+
0.0419) (0.0457) (0.0136)
Exporter 0.00597 0.00562 001165+
{0.00650) {0.00795) (0.00390)
Mostly private 0.0232 0.0436%= 0.0204
(0.0182) (0.0220) (0.0152)
Cooperation to innovate 02284+ 0.109%++ 0.02824++
(0.00910) (0.0104) (0.00495)
Capital 0.000703 0.00189 000119
(0.00418) (0.00436) (0.00182)
Fined dfects Firm and year Yes Yes Yes

Source: Own elaboration based on EDIT-IV to EDIT-VIII

Another variant of the model indicates that the established preference structure is more pronounced in
less innovative firms, which may be explained by lower levels of uncertainty and risk related to innovation

processes/products (Table 11C).

TABLE 11B
Effects of resources sources on innovation - I1

Variable Tunovative i Broad innovator  Strict mnovator
Ovwn Resources 0.0408%++ 0.0484%+F 000140+
(0.000655) (0.000726) {0.000320)
Extemnal private resources 0.022gs4 0.0209%++ 0.00182 %+
(0.000855) {0.00103) (0.000336)
Ex temal public resources 0.00131 0.000511 0.000302
{0.00197) {0.00260) (0.00163)
Age 0000112 0.000349 -0.000661+++
(0.000619) (0.000656) {0.000239)
Profits 0.00217 0.000120 0.00205
(0.00335) (0.00368) (0.00152)
SME -0.0177 0.0225 0.00481
(0.0179) (0.0217) (0.00988)
Highly qualified personnel 0.0218 0.0553 00335+
(0.0416) (0.0454) (0.0157)
Exporter 000629 0.00529 0.0116%=*
(0.00679) {0.00796) (0.00389)
Mostly private 0.0224 0.0427% 0.0204
(0.0183) (0.0219) (0.0152)
Cooperation to innovate 0.229%%% 0.201 +% 0.027g %=
(0.00908) (0.0104) (0.00496)
Capital 0.000980 0.00214 0.00116
(0.00418) (0.00456) (0.00182)
Fixed effects: Firm and year Yes Yes Yes

Source: Own elaboration based on EDIT-IV to EDIT-VIII
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TABLE 11C
Effects of resources sources on innovation — III
Variable Innovative firm Broad innovator Strict innovator
Tirm resources 0,0489%** 0,0475%** 0,00142%*
(0,000646) 0,000717) (0,000317)
Business group resources 0,0114%* 0,0100* 0,00138
(0,00476) (0,00533) (0,00228)
Public resources 0,00142 0,000537 0,000884
(0,00197) (0,00261) (0,00161)
Resources from other companies 0,00953** 0,0121%** -0,00258
(0,00454) (0,00445) (0,00259)
Private banks resources 0,0220%** 0,0199%** 0,00207%*
(0,000865) (0,00105) (0,000554)
Private capital resources 0,0215%** 0,0180%** 0,00342
(0,00435) (0,00599) (0,00296)
Cooperation resources -0,00443 -0,000124 -0,00430
(0,00330) (0,00438) (0,00309)
Age -8,14¢-05 0,000572 -0,000654***
(0,000628) (0,000661) (0,000239)
Profits 0,00246 0,000352 0,00211
(0,00335) (0,00369) (0,00152)
SME -0,0185 -0,0228 0,00439
(0,0182) (0,0219) (0,00988)
Highly qualified personnel 0,0194 0,0530 -0,0336**
(0,0415) (0,0450) (0,0158)
Exporter -0,00501 0,00637 -0,0114%%**
(0,00681) (0,00798) (0,00390)
Mostly private 0,0236 0,0436** 0,0200
(0,0182) (0,0218) (0,0153)
Cooperation to innovate 0,231 %%* 0,204 0,0275%%%
(0,00907) (0,0104) (0,00494)
Capital 0,00172 0,00277 -0,00105
(0,00420) (0,00459) (0,00182)
Tixed effects: Firm and year Yes Yes Yes

Source: Own elaboration based on EDIT-IV to EDIT-VIII
An alternative explanatory approach

Although the previous exercise reveals some interesting specificities about the Colombian case, it also
evidences the limitations of the traditional theoretical approach because there is no satisfactory explanation
about the mentioned particularities.

Therefore, an alternative approach and explanatory model are proposed here. In particular, three
concepts are operationalised through the construction of the corresponding explanatory variables that
are incorporated into the econometric models: Knowledge Incorporation and Consolidation System
(KICS)?, interaction among actors (including those of the IFS)', and Dedicated Investors (with specific
characteristics)'". Their contribution is explained below.

The construction of proxy variables that measure the KICS, the interaction between actors, and dedicated
investors, was carried out exclusively with the information from the Colombian Innovation Survey. For the
construction of the interaction among actors proxy, the variable included dedicated investors plus all the
relationships that the firm has with the rest of the actors of the National System of Competitiveness, Science
and Technology (SNCCTT, in Spanish) and also, with the financing of STI activities. On the other hand, the
construction of the KICS proxy includes the two previous variables plus the fact that the firm is innovative
(a detailed explanation of the construction of each variable is in Appendix A).

As indicated, this construction imposes the need to estimate three different models: One for the KICS,
another for the interaction between actors, and a last one for the dedicated investors, since including all three
variables in a single model results in collinearity problems among these variables. This becomes a limitation
(obstacle) on the use of EDIT surveys to study the phenomenon of financing innovation in Colombia because
there are no other sources of information to measure the degree of interaction among SNCCTT actors and
to identify whether an investor is generalist or dedicated, independently of the construction of the KICS
variable.
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The econometric analysis shows that having a KICS turns out to be important and significant for the
innovative firm, although its effect seems more accentuated in Bl and more tenuous in SI. This result supports
the importance of different types of knowledge that can be gathered from the construction of networks with
other actors linked to innovation issues in order to search for financial resources (Table 12a).

TABLE 12A
Effects of having a KICS on innovation
Variable Innov ative firm Broad innovator Strict imnovator
KICS 0.133%== 0.130*+=* 0.00363***
(0.00525) (0.00515) (0.00127)
Age 20.00125%*= -0.000551 0.000697 ==
(0.000472) (0.000453) (0.000136)
Profits 0.000468 000112 -0.000647
(0.00246) (0.00236) (0.000873)
SME 0.0194 00184 0.00104
(0.0178) (0.0178) (0.00703)
Highly qualified personnd 000485 0.00836 -00132%
0.0207) ©.023) (0.00653)
Exporter -0.00922 -0.00242 2000681 ***
(0.00383) (0.0056) (0.00226)
Mosty private 0.0255 0.0106 0.0149
0.0197) 0.0175) (0.00998)
Cooperation toimmovate 0.091*+* 0.0767 *** 0.0143%+*
(0.00931) (0.00894) (0.00296)
Capital -0.00834*** 0.00734** -0.000993
(0.00306) (0.00294) (0.000954)
Fixed effects: Firm and year Yes Yes Yes

Source: Own elaboration based on EDIT-IV to EDIT-VIII

Moreover, the variable Interaction (with potential investors) is incorporated into the analysis and, as
expected, the results are also significant and positive for all categories of innovative companies. However, the
effect of the variable is greater for the BI than for the SI, again (Table 12b).

TABLE 12B
Effects of interaction on innovation
Variable Innovative firm Broad innovator Striet innovator
Interaction 0.222%+ 0213*** 0.00945*+*
(0.00647) (0.00638) (0.00158)
Age 0.000267 £0.000129 -0.000138
(0.000433) (0.000447) (9.80e05)
Profits -0.00127 -0.00186 0.000599
(0.00245) (0.00236) (0.000930)
SME 0.0131 0.0126 0.000305
(©.0172) {00173) {0.00696)
Highly qualified personnel 000352 0.00653 00100*
(0.0222) (0.0238) (0.00572)
Exporter -0.00847 -0.00263 0.00584***
(0.00569) (0.00548) (0.00222)
Mostly private 0.0190 0.00575 00133
(0 0190) (0.0170) (0.00991)
Cocperation to innovate 0.0474%%* 0.0366*** 0.0108***
(0.00881) (0.00854) (0.00278)
Capita -0.00909**+* -0.00885*+* -0.000242
(0.00297) (0.00288) (0.000941)
Fined effects: Firm and year Yes Yes Yes

Source: Own elaboration based on EDIT-IV to EDIT-VIII

Finally, a variable is incorporated to differentiate generalist investors (those who use the typical
diversification strategy of a portfolio of projects financed in many sectors / sub-sectors) from dedicated
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investors (those who concentrate their investments and knowledge in few sectors / subsectors) (see Figure
1). At first, the importance of the availability of generalist investors is greater than that of those dedicated to
both the general (IF) and the BI categories. For the most innovative companies (BI), on the other hand, the
availability of dedicated investors is more important (Table 12c).

TABLE 12C
Effects of dedicated and generalist investors on innovation
" Innovative Broad Strict
Variable s <
firm innovator innovator
0,724 0,641 0,0824"™"
Dedicated
0,0284) (0,0370) (0,0218)
., 0,935 0,877"" 0,0581°"
Generalist
(0,00539) (0,00801) (0,00601)
N -0,000143 0,000461" -0,000605""
{J
¢ (0,000120) (0,000171) (0,000127)
-0,000160 0,000570 -0,000731
Profits
(0,000553) (0,000992) (0,000844)
0,000633 0,000788 -0,000154
SME
(0,00449) (0,00768) (0,00691)
. ) -0,00330 0,0105 -0,0138"
Highly qualified personnel
(0,00549) (0,00770) (0,00723)
-0,00162 0,00461* -0,00622°"
Exporter
(0,00142) (0,00261) (0,00216)
. 0,00408 -0,00940 0,0135
Mostly private
(0,00335) (0,00885) 0,00941)
) ) 0,00713"" 0,00124 0,00589™
Cooperation to innovate
(0,00209) (0,00310) (0,00242)
) -0,00104 -0,000484 -0,000555
Capital
(0,000844) (0,00121) (0,000917)
Fixed effects: Firm and year Yes Yes Yes

" In this sample, the term refers to companies of the Colombian private financial sector.

Source: Own elaboration based on EDIT-IV to EDIT-VIII
Results and discussion

These results confirm two facts described in previous research: 1) the existence of an atypical pecking order
in the financing preferences of innovative firms; 2) the paradox involved in the order of such preferences:
Although firms argue a shortage of own resources, innovative firms prefer to leverage their projects on
such resources and, when those resources are not sufficient, they prefer to obtain loans from commercial
banks rather than using the most convenient (cheaper) public resources (subsidies and loans). This might be
attributable to either lack of trust in public funders, red tape or sheer ignorance about such funding.

These stylised facts are not satisfactorily explained by traditional theories (see above). Neither the financial
explanations (POT, PST, AST), nor those with a sociological basis (CST) (Table 3), nor the normative
variants of POT (Sau, 2007) can account for the two results mentioned above for the Colombian case.
Therefore, it is proposed that the alternative approach (Sierra, 2014; Sierra, 2020) can offer a better
understanding of the phenomena described.

How is the Colombian situation explained?

Colombian innovative firms and potential investors do not know the national/regional/sectoral STT system
well enough, including its Institutionalised Financial System. This implies that firms do not know precisely
which and how many sources and viable financing mechanisms exist in their environment, and that investors
also do not know which firms propose innovation projects. Such ignorance hinders, at least, the interaction
and deployment of the necessary strategies to build and secure the necessary ‘financing relationships’ to
guarantee the development of innovation projects. This situation creates a ‘compartmentalisation’” of the
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spheres of action and decision of firms that own the projects and of potential external investors, which gives
rise to the phenomenon described.

This ignorance (incompleteness of the KICS of both actors) is partially explained by some contextual
problems and interaction mechanisms (e.g., non-existent or inaccessible information, lack of contact between
actors, inadequate public policy, lack of experience in negotiations). This problem is enhanced by the non-
existence or insufficiency of financing sources/mechanisms in the national/regional/sectoral environment
(e.g., shortage of venture capital dedicated to high technology sectors in Colombia) and the knowledge gap
between project owners and potential investors (related, among other things, to the scarce contact between
companies and funders).

In this context, at least three of the four premises enunciated above are not fully met and do not explain,
at least in part, the problems described in the Colombian case. In short, if the individual actors do not know
the rest of the STT system, the players and their dynamics; if there are no contextual mechanisms that favour
the relationship among the actors; if they lack experience and do not implement mechanisms for facilitating
interaction; if the different types of knowledge involved in the KICS are not updated; if the two parties
(project and/or fund supply) do not act proactively; if interaction does not involve the strategic keys of
both parties; if dedicated investors do not emerge, it will be very difficult to promote effective financing of
innovation even if there is, somewhere, availability of sufficient funds.

The resolution of the Colombian paradox and the scarcity of financing for innovation in the country
involves understanding the aforementioned problems and generating adequate conditions for their solution.

How can adequate solution conditions be generated?

Although the problems of financing innovation are usually assumed under the traditional financial logic of
availability and cost, there are more comprehensive perspectives that involve factors ignored by the existing
literature. Some of the deficiencies mentioned for the Colombian case give rise to specific proposals to
improve the explanatory models and the existing mechanisms in the daily reality of innovation ecosystems.
In this sense, some specific actions are suggested here:

o To study the reasons guiding the decisions of both firms and investors. This includes strengthening
and complementing the Innovation Surveys, since the existing information is clearly insufficient to
understand the phenomenon of financing innovation in Colombia. Sectoral 360 degrees (involving
all actors), mixed and in-depth studies are a relevant alternative.

o To promote/build contextual factors and mechanisms (e.g., networks, support organisations, SFI)
that facilitate mutual knowledge of the actors within the innovation system framework and favour
their relationship and interaction with specific purposes.

e Actors must become aware of the need to build and update their KICS. Concurrently, they must
determine their level of proactivity or reactivity in relation to their needs, particularly those of
financing, according to the strategic framework of their projects.

o Actors of all levels should favour the emergence (incorporation, transformation) of dedicated
investors that complement the presence and activity of generalist funders (specialised or not) in the
National Innovation and Competitiveness System.

e The financing of innovation must be actively and deeply incorporated into the National Innovation
System governance agenda if we want to have a holistic view of the problem.
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Conclusions and implications

The financing of innovation in Colombian firms falls into the atypical set of cases of hierarchical preferences
(reversed pecking order) described in the literature, but with the aggravating circumstance that its structure
implies a paradox that no traditional theory can explain.

The explored alternative theoretical approach offers insights into the factors and dynamics that underlie
the Colombian phenomenon and allows us to suggest exit routes and potential solutions appropriate to the
relevant context. In general, there is a need to deepen the study of the financing of innovative business projects
in Colombia and to articulate it with the study of National Innovation System governance at different levels,
and from a sectoral perspective, to facilitate a better understanding of the reasons of the problems and to
formulate different approaches aiming at pertinent solution conditions.

Among other things, it is evident that the information obtained through the Innovation Survey is not
enough, so it is urgent to raise new quantitative and qualitative information through broad and deep sectoral
approaches that involve all the actors of the innovation system and subsystems. This means that the academy
and the other actors of the System must assume a more active and inquisitive role in terms of the nature and
functioning of the system.
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APPENDIX A

Knowledge Incorporation and Consolidation System (KICS). Firms’ system that involve existingand new
knowledge necessary to innovate in a given sector, to find and negotiate financing for projects, the technical
financial knowledge, and the knowledge that underlies the capacity to create networks. This variable was built
based on questions in Chapter I - Innovation and its impact on the company - numeral I.1

Indicate if your company introduced any of the following innovations: New goods or services only for your company
(They already existed in the national market and / or in the international). New goods or services in the national market
(They already existed in the international market). New goods or services in the international market. Goods or services
significantly improved for your company (They already existed in the national and / or international market). Goods or
services significantly improved in the national market (They already existed in the international market). Significantly
improved goods or services in the international market. Introduced new or significantly improved methods of production,
distribution, delivery, or logistics systems in your company. Introduced new organisational methods implemented in the
internal workings of the company, in the knowledge management system, in the organisation of the workplace, or in the
management of the external relations of the company. Introduced new marketing techniques in your company (Channels
for promotion and sale or significant changes in packaging or product design), implemented in the company with the aim
of expanding or maintaining its market (Changes that affect the functionalities of the product are excluded since this would
correspond to a significantly improved good or service).

Chapter III of EDIT, numerals IIL.1 - Sources of the resources used to finance investments in innovation -
private banking, private capital, cooperation or donations; numeral I11.2 Origin of the amount of public resources
used to innovate; numeral I11.3 - Did the company intend to request public resources to finance its innovations?;
numeral II1.4 - Importance of the following obstacles to access public resources to innovate: ignorance of the
existing public financing lines, lack of information on requirements and procedures, difficulty in complying with
the requirements or completing the formalities, timeline excessive processing, financing conditions and / or co-
[financing unattractive, delay in intermediation between commercial banks or public credit lines. Chapter V.
numeral V.1 - Indicate whether or not the following sources of information and knowledge were important
for innovation: Internal R&D department, Production department, Sales and marketing department, Other
department of the company, Specific interdisciplinary groups for innovation, Company executives, Other related
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company (if it is part of a conglomerate), Foreign parent company, R&»D Department of another company in the
sector, Competitors or other companies in the sector (except R&»D department), Clients, Suppliers, Companies
[from another sector, Associations / sectoral associations, Chambers of Commerce, Technological Development
Centres, Autonomous research centres, Incubators of Technology-Based Enterprises, Technology Parks, Regional
Productivity Centres, Universities, Training centres / techno parks, Consultants, experts or researchers, Fairs
and exhibitions, Seminars and conferences, Books, magazines or catalogues, Industrial property information
systems (patent bank), Copyright information system , Internet, Scientific and technological databases,
Standards and technical regulations, Public institutions (ministries, decentralised entities, secretariats);
numeral V.2 - Relationship of the company with SNCTT stakeholders as support for the realisation of
innovations -: Administrative Department of Science, Technology and Innovation (COLCIENCIAS), SENA,
ICONTEC, Superintendence of Industry and Commerce (SIC), National Directorate of Authors’ Rights,
Ministries, Universities, Technological Development Centres, Autonomous Research Centres, Incubators of
Technology-Based Companies, Technology Parks, Regional Productivity Centres, Departmental Councils of
Science and Technology, Regional Commissions of Competitiveness, Sectoral Associations and Chambers of
Commerce, Consultants in Innovation and Technological Development, PROEXPORT - PROCOLOMBIA,
BANCOLDEX, Technical and technological training entities (other than SENA); numeral V.3 - The
company cooperated with one of the following partners for innovation-: Other companies of the same
group ( conglomemte), Suppliers, Customers, Compez‘itors, Consultants, experts or researchers, Universities,
Technological development centres, Autonomous research centres, Technological parks, Regional productivity
centres, Non-governmental organisations, Government.

Interaction between actors. This variable refers to firms that interact among themselves and with
financiers and have innovation networks in place. It was built on the basis of questions in Chapter III of
Edit, numerals III.1 - Sources of resources used to finance investments in innovation - private banking,
private capital, cooperation or donations; numeral I11.2 Origin of public resources used to innovate; numeral
L3 - Did the company intend to request public resources to finance its innovations? - numeral I11.4 -
Importance of the following obstacles to access public resources to innovate -: ignorance of existing public
[financing lines, lack of information on requirements and procedures, difficulty in complying with requirements
or completing formalities, timeline excessive processing, unattractive financing / co-financing conditions, delay in
intermediation between commercial banks or public credit lines.

Chapter V.2 - Relationship of company with SNCTI stakeholders as support for innovation -:
Administrative Department of Science, Technology and Innovation (COLCIENCIAS), SENA, ICONTEC,
Superintendence of Industry and Commerce (SIC), National Directorate of Authors’ Rights, Ministries,
Universities, Technological Development Centres, Autonomous Research Centres, Incubators of Technology-
Based Companies, Technology Parks, Regional Productivity Centres, Departmental Councils of Science
and Technology, Regional Commissions of Competitiveness, Sectoral Associations and Chambers of
Commerce, Consultants in Innovation and Technological Development, PROEXPORT - PROCOLOMBIA,
BANCOLDEX, Technical and technological training entities (other than SENA); numeral V.3 - The company
cooperated with one of the following partners for innovation -: Other companies of the same group (conglomerate),
Suppliers, Customers, Competitors, Consultants, experts or researchers, Universities, Technological development
centres, Autonomous research centres, Technological parks, Regional productivity centres, Non-governmental
organisations, Government.

Dedicated Investors. Here defined as specialised public entities (e.g., Colciencias, managers of royalty
funds for CTI) that finance innovation.
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APPENDIX B

Notes

TABLE A-B1
Hausman Test Results
Model Chi2 P-Value
Modd 1 55042 0
Table 11a Modd 2 402.68 0
Modd 3 26725 0
Modd 1 60075 0
Table 11b Modd 2 49307 0
Mode 3 33524 0
Moddl 1 59955 0
Table 11c Model 2 507.71 0
Modd 3 380.81 0
Modsdl 1 42123 0
Table 12a Moded 2 35691 0
Modd 3 336.12 0
Modsd 1 82.07 0
Table 12b Moded 2 78.35 0
Modd 3 11360 0
Model 1} 16.81 03305
Table 12¢ Mode 2 2671168.14 0
Modd 3 182.19 0

Source: Own elaboration

Research paper.

Formerly known as the Administrative Department of Science and Technology —Colciencias—, it is the entity in charge
of promoting public policies to foster science, technology and innovation in Colombia.

In addition, a survey inquired about access to resources through private equity funds or entrepreneurial support (VC:
Venture Capital). However, only 6% of the three macro sectors answered affirmatively, while the remaining 94%
answered that they had not accessed to resources through these means. (ANIF, 2017).

In 2016, however, only 30% of Colombian companies had a banking product, savings and checking accounts mostly. No
more than 15% of the companies had any type of bank loans (Superintendencia Financiera de Colombia, 2017).

In particular, “The resources requested by SMEs from the three macro-sectors to the financial system were mainly used for
working capital during the first half of 2017 (59% in industry, 65% in commerce and 39% in services). In second place, these
resources were used for the consolidation of liabilities (35% in industry, 34% in commerce and 39% in services). The third
destination of the resources for the industrial sector (14%) and commerce sector (12%) were renovations or adjustments,
while in the service sector it was the purchase or lease of machinery (14%). Regarding alternative sources of financing, 42%
respondents in industry, 44% in commerce, and 41% in services did not access any source of financing other than bank loans
in the first half of 2017. The suppliers were the most important source of alternative financing for SMEs in industry (27%)
and commerce (29% ), while financing with own resources was for service firms (28%). The use of other alternative sources

continues to be uncommon, as in the case of leasing (4% in industry, 2% in commerce and S% in services) and factoring
(between 3% and 4% of SMEs). On the other hand, the non-banking market was the option least used by SMEs (less than
1% for the three macro sectors). By size, it is observed that the percentage of small firms that do not access other sources of
Jfinancing is the same as in medium size firms of the industry sector (42%); it is higher in the case of the commerce sector
(46% in small vs. 37% in medium) and lower in the case of the service sector (40% in small vs. 44% in medium). In turn,
the medium-sized companies of the three macro-sectors use the leasing tool more (7% -8% of respondents) compared to their
small peers (1% -4%).” (ANIF, 2017 — Our translation and underlining).

This value changes every year according to the Producer Price Index.

The size is given by the book assets of the firm: Micro: up to 500 minimum wages, Small: between 500 and 5,000
minimum wages, Medium: between 5,000 and 30,000 minimum wages, Large: more than 30,000 minimum wages,
according to Law 905 of August 2 of 2004. (Ministry of Industry, Commerce and Tourism)

Types of innovative firms (IF): Broad innovators (BI): It implies obtaining a new or improved good or service for the
national market or for the company, and / or the implementation of a new productive or improved process for the
main or complementary production line. Strict innovators (SI): Companies that obtain new or significantly improved
goods or services for the international market in the exercise of innovation activities. Prospective (PI) innovators: Those
companies that intend to innovate, but do not have any innovation project. Non-innovators (NI): Companies that did
notobtain innovations, nor reported having in process, or havingabandoned, any project to obtain innovations. Potential
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innovators (Ptl): they report having or having abandoned an innovation process to obtain either a new or a significantly
improved product for the national, international or company market. (Taken from EDIT).

Additionally, a Hausman test was carried showing that the model that best adapts is fixed effects one. The result of this
test for all regressions is shown in Appendix B.

Knowledge/capacities that firms have (additional to those necessary to innovate) and underlie their ability to create
networks in order to seck and obtain financing for their projects (Sierra, 2014). This proxy was built on the basis of
questions in EDIT V-VII, Chapter I - Innovative company in any sense (Question 1.1); Chapter III - Financing of STI
activities (Questions 3.1, 3.2, 3.3 and 3.4); Chapter V - Relations with SNCCTT Actors (Questions 5.1, 5.2 and 5.3).
Knowledge about potential funders built by companies through their networks. The interaction proxy was built on the
basis of EDIT V-VII, Chapter III - Financing of STI activities (Questions 3.1, 3.2, 3.3 and 3.4) and Chapter V - Relations
with SNCCTT Actors (Questions 5.2 and 5.3).

Specialised public entities (e.g., Colciencias (now Minciencias), managers of royalty funds for STI) that finance
innovation in Colombia.
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