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Abstract

This paper aims to analyze the importance of external and external sources of knowledge (based on
science, market, and technical assistance) according to the innovation typology of firms (innovative and
potentially innovative). For this purpose, data from the Technological Development and Innovation
Survey EDITS VII (2018-2019) were used, an official survey that collects information on the innovation
dynamics of companies in the service sector in Colombia. The data were analyzed using joint multivariate
analysis procedures, which simultaneously perform two optimization processes: dimensionality reduction
and clustering. The results indicate that innovative companies give greater importance to internal sources
of knowledge, compared to innovative ones. Similarly, for innovative companies, access to market-based
sources and technical assistance is more relevant. Regarding scientific sources, only significant
differences are evident in the importance of knowledge derived from universities among the types of
companies analyzed. Finally, an inverse relationship was found between the family character and the
importance given by companies to internal and external sources of knowledge to innovate. Likewise,
companies that invest in R&D and training give greater importance to internal and external sources of
knowledge to innovate.
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Resumen

Este estudio analiza la importancia de las fuentes de conocimiento internas y externas (basadas en la
ciencia, el mercado y la asistencia técnica) de acuerdo con la tipologia de innovacion de las empresas
(innovadoras y potencialmente innovadoras). Para este propdsito, se utilizaron datos de la Encuesta de
Desarrollo e Innovacién Tecnoldgica EDITS VII (2018-2019), una encuesta oficial que recopila
informacion sobre la dinamica de innovacion de las empresas del sector servicios en Colombia. Los datos
fueron analizados mediante procedimientos de analisis multivariante conjunto, el cual realiza
simultaneamente dos procesos de optimizacion: reduccién de dimensionalidad y agrupacion. Los
resultados indican que las empresas innovadoras otorgan mayor importancia a las fuentes internas de
conocimiento, en comparacion con las potencialmente innovadoras. De forma similar, para las empresas
innovadoras es mas relevante el acceso a fuentes basadas en el mercado y en la asistencia técnica. Respecto
a las fuentes cientificas, solo se evidencia diferencias significativas en la importancia del conocimiento
derivado de las universidades entre las tipologias de empresas analizadas. Finalmente, se encontré una
relacion inversa entre el cardcter familiar y la importancia otorgada por las empresas a las fuentes de
conocimientos internas y externas para innovar. Asimismo, las empresas que invierten en I+D y en
formacion otorgan una mayor importancia a las fuentes de conocimiento internas y externas para innovar.

Cadigo JEL: 031, 036
Palabras clave: fuentes de conocimiento; fuentes de informacién; innovacién abierta; orientacién innovadora;
empresa familiar

Introduction

Innovation determines business performance and economic development (Bendig et al., 2020; Lee et al.,
2019; Saparaliyev et al., 2019). Innovation began to position itself as an independent field of research
during the 1960s, a date from which academic studies and the need to adequately measure the innovation
initiatives of companies, industries, and countries have increased (Fagerberg, 2005). In recent years, the
traditional view of innovation development, which is exclusively internal, has been transforming and
moving toward a paradigm of external knowledge acquisition through open innovation processes (De
Beule & Van Beveren, 2019). This concept assumes collaboration can become an important enabler of
the innovative process (Chesbrough, 2003). From this perspective, innovation strongly depends on the
generation, diffusion, and application of knowledge generated by different actors (Doloreux et al., 2021).
Nevertheless, until recently, there has been little consensus regarding the contribution of each knowledge
source in the development of new products, making it one of the most poorly explored areas in the field
of open innovation (De Beule & Van Beveren, 2019). Indeed, there is an ongoing debate in the literature
about the conditions under which companies can benefit from using knowledge sources (Duong et al.,
2022).
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Additionally, Demircioglu et al. (2019) highlight that, despite their importance, very few studies
empirically analyze the links between innovative performance and the sources of knowledge used to guide
the innovation process. Therefore, the literature presents mixed results regarding the impact of different
external sources on innovative performance (Duong et al., 2022). These discussions suggest the need to
delve deeper into how various sources of knowledge can enhance or not companies’ degree of innovation
orientation (Duong et al., 2022; Kumar et al., 2018). Accordingly, this study aims to analyze the
importance attached to internal and external knowledge sources according to the innovation typology of
service companies in Colombia.

The study addresses the context of small and medium-sized enterprises (SMES) in an emerging
economy. Globally, SMEs are important drivers of economic development (Adeyeye et al., 2018; De
Moraes Silva et al., 2020; Robbins & O’Gorman, 2016) and contribute significantly to the development
and diffusion of innovation (Robbins & O’Gorman, 2016). Thus, successful innovation management is
an important goal for SMEs (Filser et al., 2018; Kim et al., 2018; Robbins & O’Gorman, 2016).
Nevertheless, innovation can become a complex task for these types of companies due to the obstacles
they face in the process (Filser et al., 2018; Strobel & Kratzer, 2017), considering that additionally, the
analysis of innovation dynamics is a relevant topic for the development of public policies (Hewitt-Dundas,
2006; Tello, 2021), because barriers to innovation are present in any economy, especially in developing
countries (Pereira Cabral et al., 2020), in which most of the companies are SMEs (Adeyeye et al., 2018).

This paper is structured as follows: first, the research hypotheses are presented. Second, the
methodological aspects are explained, describing the database, the type of variables, and the data analysis
techniques. Third, the results and discussion of the study are described. Finally, the conclusions,

limitations, and future lines of research are presented.

Review of the literature and hypotheses

Internal sources of knowledge and open innovation

Innovation is among the most discussed topics in organizational, economic, and management studies.
Nonetheless, research on sources of knowledge and innovation has mainly focused on external sources
and the generation of technological innovations (Damanpour et al., 2018). Very few studies analyze
employees as a source of innovation (Demircioglu et al., 2019). Schweisfurth (2017) highlights that
employee ideas represent the starting point of the innovation process. Additionally, the study by Ramayah

et al. (2020) confirms that internal sources are associated with absorptive capacity. Additionally,
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absorptive capacity strongly predicts innovative performance (Ramayah et al., 2020). Based on the above,
the following hypothesis is put forward:

H1: Compared to potentially innovative companies, innovative companies attach greater
importance to access to internal information sources.

On the other hand, the concept of open innovation arises to address the Porterian postulate based
on the fact that companies that want to achieve a long-term competitive advantage should be concerned
about creating “barriers to entry” that prevent the emergence of new businesses and that most efforts
should be concentrated on subtracting market share from competitors (Magendzo, 2018). From that
perspective, innovation initiatives are developed only from the inside. In contrast to this view, open
innovation seeks to involve the company directly with external factors such as clients, suppliers,
universities, consulting centers, startups, and competitors, among others, to implement more agile and
efficient innovation processes (Chesbrough, 2003).

Open innovation is commonly related to collaboration or cooperation. Nevertheless, open
innovation is a much broader concept, including collaboration and cooperation as mechanisms to innovate.
Open innovation is mainly based on theories such as absorptive capacity or dynamic capabilities.
Specifically, absorptive capacity refers to the utilization of knowledge within the company and the ability
of companies to acquire, assimilate, and exploit knowledge (Perri & Anderson, 2014), while dynamic
capability is the ability of a company to create or modify its resource base by itself (Lichtenthaler &
Lichtenthaler, 2009). The main contributions of these two theoretical approaches to open innovation lie
in the assumption that the company can generate new knowledge within itself but can also be acquired
from external sources (Lichtenthaler & Lichtenthaler, 2009). This idea suggests that to cope with
technological and market turbulence, companies must constantly update their capabilities (Jiménez
Jiménez & Sanz Valle, 2012) and establish alliances with external actors to benefit from their experience
and knowledge (De Beule & Van Beveren, 2019).

Additionally, open innovation has been analyzed from theoretical frameworks such as
transaction cost theory, cognitive theory, organizational learning theory, game theory, knowledge-based
theory of the company, human capital theory, social exchange theory, contingency theory, the resource-
based view of the company and from the perspective of creativity (Bertello et al., 2023).

Current organizational dynamics have increased the exploration of multiple sources for
generating ideas (Kumar et al., 2018). Nevertheless, understanding open innovation’s full benefits and
limitations remains challenging (Bogers et al., 2019). Multiple literature reviews such as Lopes and de
Carvalho (2018) have typified the main actors in an open innovation context (competitors, consultants,
clients, government, suppliers, universities, and research centers), corporate performance indicators

(financial indicators, market share, profitability, client satisfaction, and sales growth), indicators of
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innovative behavior (new products, R&D, intellectual property, and turnover), and contingent variables
(company size and age, industry sector, country, intensity of competition, number of allies, and
technological and market uncertainty). On the other hand, recent literature reviews analyze the main risks
associated with the open innovation process (Madanaguli et al., 2023), the limits (Saura et al., 2023), and
their measurement in small and medium-sized companies (Carrasco-Carvajal et al., 2023).

On the other hand, external knowledge is vital in generating innovations (Duong et al., 2022).
The literature points out that there are at least four types of knowledge sources that can impact a
company’s innovative performance: internal ones (e.g., employees); market-based sources, such as
clients, competitors, and suppliers; science- or knowledge-based sources, such as universities and public
or private research centers; and technical assistance sources, such as access to specialized consulting and
entities with very specific technical capabilities (De Beule & Van Beveren, 2019; Duong et al., 2022;
Rahmouni et al., 2010). The sources of knowledge used by business organizations also vary depending on
the type of innovation. For example, the sources related to business innovations may differ from those
required in process innovations (Demircioglu et al., 2019). It has been found, for example, that process
innovations are supported by collaboration with suppliers and embedded technological knowledge, while
companies conducting product innovations privilege external knowledge sources from the market and
scientific institutions (Hervas-Oliver et al., 2021).

Thus, the innovation process is strongly impacted by access to knowledge sources and the
combination of internal and external knowledge (Ben Arfi et al., 2018). According to Carpio Gallegos and
Miralles (2018) and from a study conducted in companies of low and medium technological intensity in
Peru, science-based knowledge sources positively impact product innovation. Specifically, universities
are crucial sources for innovation (Demircioglu et al., 2019). For example, university-industry
collaborations have been found to improve the innovative performance of companies, which is why
companies should consider forming alliances with other companies and universities, as this can increase
the knowledge and resource base of the organization (Tian et al., 2022). Considering the above, the
following hypothesis is proposed:

H2: Compared to potentially innovative companies, innovative companies attach greater
importance to access to science-based knowledge sources.

Market sources, such as clients and suppliers, have also favored product development (Del
Carpio Gallegos & Miralles, 2018), and organizational and process innovations (Cesario et al., 2015).
Likewise, leading users are a determining source for product development (Hamdi-Kidar et al., 2019;
Schweisfurth, 2017). Thus, strong relations with suppliers and clients would be expected to positively
impact organizational innovation outcomes (Medhi et al., 2019). Bertschek and Kesler (2022) conclude

that feedback from clients in social networks is an important source for product innovation. On the other
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hand, the study by Pihlajamaa et al. (2017) points out that innovations undertaken by suppliers could even
replace the organization’s internal R&D. Nevertheless, this fact establishes new requirements for the
acquisition, transformation, and exploitation of knowledge, emphasizing the development of supplier
management capabilities in the open innovation process (Pihlajamaa et al., 2017). Following the above,
the following hypothesis is proposed:

H3: Compared to potentially innovative companies, innovative companies attach greater
importance to accessing sources of market knowledge.

The literature has pointed out that companies that interact with technical assistance sources
(such as consultants) achieve better innovative performance (Maghni & Oukaci, 2018) since collaborating
with these actors enables access to specialized knowledge to support innovation processes. Accordingly,
the results of Solomon et al. (2013) suggest that managerial and technical assistance positively affects the
survival and growth of organizations. Considering the above, the following hypothesis is established:

H4: Compared to potentially innovative companies, innovative companies value access to

sources of technical assistance knowledge more.

Dynamics of innovation in family-owned companies

The characteristics of a company can affect how it benefits or does not benefit from various sources of
knowledge to innovate. Family-owned companies, for example, face significant challenges because it has
sometimes been found that organizations of this nature have serious difficulties in managing the
knowledge required in their innovation processes (Koentjoro & Gunawan, 2020). Additionally, some
characteristics of family companies can negatively affect their innovative performance, among them
adopting a conservative posture in management aspects due to the desire to maintain control and
ownership in the hands of family members. In addition, these types of companies sometimes may resist
hiring external personnel and avoid external support for innovation projects (Mufioz-Bullon et al., 2020).

The likelihood of family firms developing innovative products or services increases when they
cooperate in R&D with different actors (Amato et al., 2021). In line with the above, the study by Akram
et al. (2020) concludes that the depth and breadth of external knowledge search by family companies
positively influences the development of new products. Additionally, the review of research trends by de
las Heras-Rosas and Herrera (2021) points out that the phenomenon of open innovation in the context of
small and medium-sized enterprises (SMEs) and family companies requires further development in order

to understand the challenges they face in their collaborative measures.
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Family firms can innovate despite investing less in R&D (Feranita, 2021). Nevertheless,
empirical evidence on how these companies convert innovation inputs into innovative products is scarce
(Feranita, 2021). Following the above, the following hypothesis is posed:

H5: Family companies attach less importance to internal and external knowledge sources to

innovate than non-family companies.

The role of innovation capabilities in access to knowledge sources

Depending on their capabilities, such as their position in the value chain, the type of industry, and its
market conditions, companies decide where to direct their innovation efforts, including investments in
internal knowledge development or access to external knowledge (Hervas-Oliver et al., 2021). In this
context, opportunity identification and absorptive and collaborative capabilities are dynamic capabilities
necessary for incoming open innovation (Pihlajamaa, 2021).

Audretsch and Belitski’s (2022) study analyzes the effect of research and development (R&D)
on innovation in companies. In their approach, combining open innovation mechanisms with internal
sources such as R&D departments or investment in technology positively impacts innovation.
Additionally, the results of Anzola-Roman et al. (2018) confirm the positive effect of the joint use of
internal and external sources on companies’ innovation measures. Nevertheless, compared to internal
inputs, external knowledge inputs have a greater impact on firm innovation and productivity in different
sectors (Audretsch & Belitski, 2022). Consequently, companies that achieve greater internal integration
improve their capabilities to acquire external knowledge and, as a consequence, are more innovative
(Ferraris et al., 2020). In view of the above, the following hypothesis is proposed:

H6: Companies that invest in R&D and training attach greater importance to internal and

external knowledge sources for innovation.

Methodology

Below are described aspects of the database, the variables used to evaluate the hypotheses, and the data

analysis techniques.
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Database and variables

This study used anonymized microdata from Colombia’s official innovation survey, “Encuesta de
Desarrollo e Innovacion Tecnoldgica, EDITS,” corresponding to the period 2018-2019 (Departamento
Administrativo Nacional de Estadistica, 2021), which analyzes the innovation dynamics of 19 service
subsectors in Colombia. According to the methodology used in the survey, innovative companies, in the
strict sense, are those that, in the reference period, obtained at least one new or significantly improved
service or good in the international market (Departamento Administrativo Nacional de Estadistica, 2021).
Additionally, the typology of innovative companies broadly corresponds to companies that obtained at
least one innovation for the national market or the company. On the other hand, potentially innovative
companies do not obtain any innovation but report having in process or having abandoned some
innovation project (Departamento Administrativo Nacional de Estadistica, 2021). The survey includes a
total of 9 304 service companies, classified into four categories according to the level of innovation in the
reference period of the survey (Table 1):

Table 1

Participation of companies in the EDITS survey (2018-2019) according to innovation typology
Typology Number of companies Percentage
Innovative in the strictest sense 6 0.06%
Innovative in the broadest sense 2690 28.91%
Potentially innovative 312 3.35%
Non-innovative 6296 67.67%
Total 9304 100.00%

Source: National Administrative Department of Statistics (2021).

Based on the innovation typology (Table 1), this study analyzes the importance of the sources
of innovation for innovative companies in a broad and strict sense compared to potentially innovative
ones. This analysis is because, according to the survey methodology, non-innovative companies do not
answer the questions related to sources of knowledge and information. Accordingly, this analysis is
conducted on 3 008 companies in the service sector in Colombia. For these companies (classified as
innovative or potentially innovative), the survey includes the following question: “Indicate whether or not
the following sources of information and knowledge were important as the origin of ideas to develop or
implement new or improved services or goods, or the implementation of new or improved processes,
during the period 2018 - 2019 in your company.” The answer to this question is dichotomous. In this case,
the variable takes a value of 1 in the case of companies that consider each source of knowledge important
in the innovative process and 0 otherwise. According to previous literature (De Beule & Van Beveren,
2019; Duong et al., 2022; Rahmouni et al., 2010), the different knowledge sources were classified into
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four categories: internal knowledge sources (FlII), science-based knowledge sources (FCC), market-based

knowledge sources (FCM), and technical assistance-based knowledge sources (FCAT) (Table 2).

Table 2
Sources of knowledge analyzed in the study
Category Associated knowledge sources
Internal knowledge sources Internal R&D Department
(FII) Production Department
Sales and marketing department
Other company department
Specific interdisciplinary groups to innovate
Senior management of the company
Other related company (if part of a conglomerate)
Foreign parent company
Science-based knowledge Universities
sources (FCC) Technology Development Centers (TDC)
Autonomous research center
Training centers or technology parks
Market-based knowledge Competitors or other companies in the industry (except the R&D
sources (FCM) department)
Clients
Suppliers

Other companies
Sources of knowledge based Consultants, experts, or researchers
on technical assistance Associations or sectorial associations
(FCAT) Chambers of Commerce
Source: created by the authors.

The innovation capacity variable was measured from two survey questions related to investment
in internal R&D (“Indicate the value invested by your company in the years 2018 and 2019 in scientific,
technological, and innovation for the introduction of new or improved services or goods, or the
implementation of new or improved processes”) and investment in education and training (“Indicate the
value invested by your company in the years 2018 and 2019, in scientific, technological and innovation,
for the introduction of new or improved services or goods, or the implementation of new or improved
processes”). In this case, the variable takes a value of 1 for companies reporting any amount of investment
or in training and education and 0 otherwise.

On the other hand, the survey includes the following question related to the family nature of the
companies: “Is the company managed by the founder or by a relative of the founder?” using a dichotomous
scale. This variable takes a value of 1 for the companies that answer “Yes” and 0 for the companies that

answer “No.”
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Data analysis

For all variables, marginal analyses were conducted with frequencies and percentages, contingency tables,
and measures of association. In order to evaluate the effect of each factor on the dependent variable,
association tests were conducted using Pearson’s Chi-Square statistic. A Kendall correlation matrix was
obtained for the internal (FIl) and external (science-based “FCC,” market-based “FCM,” and technical
assistance “FCAT”) knowledge sources indicators. Subsequently, a multiple correspondence analysis

(MCA\) was conducted with a cluster analysis, explained below.

Tandem multivariate analysis and conjoint multivariate analysis

A tandem analysis is a sequence of analyses with related objectives; it usually includes a dimensionality
reduction analysis followed by a clustering analysis (Greenacre & Blasius, 1994). Nevertheless, tandem
analysis is not an analysis that simultaneously optimizes the two processes, and may generate some
inconsistencies, so procedures have been created that conduct this optimization jointly. In this regard,
Markos et al. (2019a) present a review of the theoretical and methodological elements that support this
family of “ensemble” multivariate techniques, which are new procedures of joint multivariate analysis
that simultaneously conduct two optimization processes: dimensionality reduction (working on the
variables) and clustering (of individuals/observations) from the creation of groups.

Two options have been developed, both theoretically and numerically: (1) when the data are
categorical, a cluster analysis (CA) is conducted in conjunction with a dimensionality reduction via
multiple correspondence analysis (MCA); and (2) when the data are quantitative, a cluster analysis (CA)
and a dimensionality reduction by the principal component analysis (PCA) method are conducted. In order
to conduct these procedures, specialized libraries have been developed in free software, which produce
numerical and graphical outputs that report the association between variables and the clustering of
individuals (Markos et al., 2019b). Option (1) was chosen, in this case, with dichotomous variables: a

joint MCA with a cluster analysis.

Results

This section presents the results derived from the statistical analysis. Table 3 shows that the proportion of
innovative companies (in a broad or strict sense) corresponds to 89.63 % of the sample included in the
study. The remaining 10 % corresponds to potentially innovative companies according to the typology

10
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established in the official Colombian Innovation Survey (EDITS) 2018-2019 (Table 1). According to the

descriptive analysis, the sources with the highest valuation by the analyzed companies correspond to

internal sources: the management of the company (77.96 %), the sales and marketing department (47.04

%), the production department (40.46 %), and the other departments of the company (42.45 %).

Subsequently, the importance of market-based sources of knowledge is highlighted: 37 % of the

companies assess clients and other companies as important sources for developing innovative products.

Likewise, 36% consider suppliers’ knowledge as an input to innovate.

Table 3

Summary of study variables

Percentage (“Yes”

Category Variable -
option)
Innovation typology Innovative company in the broad or narrow sense 89 63 %
. s . 0
(Tipologia_innv) (Innova)
Potentially innovative company 10.37 %
Internal knowledge Internal R&D Department 13.96 %
sources (FII) Production Department 40.46 %
Sales and marketing department 47.04 %
Other company department 42.45 %
Specific interdisciplinary groups to innovate 19.12%
Senior management of the company 77.96 %
Other related company (if part of a conglomerate) 9.47 %
Foreign parent company 5.75%
Science-based Universities 14.86 %
knowledge sources Technology Development Centers (TDC) 5.78 %
(FCC) Autonomous research center 4.22 %
Training centers or technology parks 4.02 %
Market-based Competitors or other companies in the industry 1057 %
knowledge sources (except the R&D department) '
(FCM) Clients 37.87%
Suppliers 36.77 %
Other companies 37.87%
Sources of knowledge Consultants, experts, or researchers 19.15%
based on technical Associations or sectorial associations 10.74 %
assistance (FCAT) Chambers of Commerce 11.60 %
Innovation capacity Investment in internal R&D (R&D) 2457 %
Investment in education and training (IF) 2543 %
Family-owned company Family-owned company (Familia) 51.36 %

(Familia)

Source: created by the authors.

The results show that 19.15 % of the companies consider technical assistance sources

concerning access to knowledge from consultants, experts, or researchers important. Regarding the

sources of knowledge based on science, the highest value is given to universities (14.86 %). On the other
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hand, 51 % of the sample in this study is comprised of companies that could be considered family-owned,
while the proportion of companies that invest in training their personnel is very similar to the proportion
of companies that invest in R&D (25 % and 24 %, respectively).

On the other hand, Figure 1 shows the positive and negative correlations in blue and red,
respectively. For example, a negative correlation was found between family character and the company’s
level of innovation. Likewise, family character is negatively correlated with investment in training and
R&D and with the importance attached to internal and external sources of knowledge. Additionally,
investment in R&D positively correlates with the importance of access to internal and external knowledge
sources.

+D

FCAT

R

Inova -0.030.09 0.06 0.08 <

FIl -0.130.23 0.33 0.47 012 >

FCC .0.140.16 0.3 0.05,0.42 ((00

FCM -0.060.17 0.18 0.44 0.09/0.52 0.45
-
-1 08-06-04-02 0 02040608 1

Figure 1. Visualization of the correlation between pairs of variables according to their description.
Source: created by the authors.

Notes: “Familia”: Family-owned company; “IF”’: Investment in training; “I+D”: Investment in R&D;
“FCAT”: Sources of technical assistance knowledge; “Innova”: Innovative company; “FII”’: Sources of
internal information; “FCC”: Sources of science-based knowledge; “FCM”: Sources of market
knowledge.

When developing the joint analysis of MCA and CA, 3 groupings were obtained: 1814 (60.3
%), 903 (30 %), and 291 (9.7 %) in two dimensions; the percentage of variation between clusters
concerning the total resulted in 77.29 %, so this segmentation is significant. Regarding the analysis of the
clusters for the company’s innovation typology, a high significance value was obtained to determine if
the clusters segment to it (p<0.001).

Figure 2 shows the pattern of the characterization of each group in terms of the categories of the
variables. This graphic shows that the innovative companies are most strongly associated with

12
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technological development and investment; they are those that innovate in internal departments, those that
are associated with guilds and chambers, and those that are linked to universities and other companies;
these companies are precisely those grouped in cluster 3. On the other hand, the other two groups
correspond to companies that are not very or regularly innovative. The difference between the two groups

points to non-family companies, those with the lowest level of innovation.
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Figure 2. Clustering and correspondence map resulting from the joint MCA and CA analysis.
Source: created by the authors.

When conducting the hypothesis tests of the association of each variable concerning the type of
innovation, it is found that, in general, the null hypothesis is rejected, except for technological
development, training, and research centers, and whether the company is family-owned (Table 4). Given
that the hypothesis test is in all cases for a 2x2 contingency table, the calculated Chi-Square value and the
empirical probability value (p-value) can be read as a measure of the intensity of association of each factor
with the probability that the company applies innovation.

The results confirm that innovative companies attach greater importance to internal sources
(H1). The hypothesis regarding science-based sources (H2) is partially supported in this study because
innovative companies only attach greater importance to universities as a source of knowledge in
comparison with potentially innovative ones. For the rest of the scientific sources analyzed (technological
development centers, research centers, and training centers), no significant differences are evident
depending on the type of innovation of the company. On the other hand, the present study validates that
innovative companies attach greater importance to the sources of knowledge related to the market (H3)
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and technical assistance (H4). Finally, the hypothesis related to the negative relation of family character
(H5), as well as the hypothesis on the positive relation between innovation capabilities (investment in
R&D and internal training) (H6) and the importance attached to internal and external knowledge sources,

were supported in the present study.

Table 4
Bivariate distributions of the variables for the innovation typology of the company
Category Calculated chi-square and empirical
probability value
15.835, <0.01 (***)

Variable name

Internal knowledge sources Internal R&D Department

(FI1)

Science-based knowledge

sources (FCC)

Market-based knowledge

sources (FCM)

Sources of knowledge based

on technical assistance
(FCAT)
Innovation capacity

Family-owned company

Production Department

Sales and marketing department
Other company department

Specific interdisciplinary groups to
innovate

Management

Other related company (if part of a
conglomerate)

Foreign parent company

Universities

Technology Development Centers
(TDC)

Autonomous research center

Training centers or technology parks
Competitors or other companies in the
industry (except the R&D department)
Clients

Suppliers

Other companies

Consultants, experts, or researchers
Associations or sectorial associations
Chambers of commerce

Investment in internal R&D (R&D)
Investment in education and training
(IF)

Family-owned company

15.904, <0.01 (***)
11.471, <0.01 (***)
8.3995, p<0.01 (***)

8.4738, p<0.01 (***)
4.5164, p=0.03357 (**)
4.2205, p= 0.03994 (**)

7.1962, p<0.01 (***)
6.245, p= 0.01245 (**)

2.0196, p = 0.1553

1.193, p=0.2747
2.3627, p=0.1243

9.0688, p<0.01 (***)

10.788, p<0.01 (***)
15.966, p<0.01 (***)
10.788, p<0.01 (***)
9.4666, p<0.01 (***)
6.3078, p = 0.01202 (**)
47725, p= 0.02892 (**)
12.207, p<0.01 (***)

24.233, p<0.01 (***)
1.8109, p= 0.1784

Note: ** p<0.05; ***p<0.01

Source: created by the authors.

Discussion

The results of this study show that innovative companies attach greater importance to internal information
sources (H1). In this regard, the study by Bernal-Torres and Frost-Gonzalez (2015) highlights that
Colombian companies innovate mainly through internal sources and hardly use external sources or
develop open innovation processes. The above can be considered a weakness in management since

constructing strategic alliances enables companies to be more innovative (Garcia & Macias, 2022).
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A large number of studies have analyzed barriers to innovation in recent years. Nevertheless,
research in the area is fragmented (Hueske & Guenther, 2015). Specifically, previous literature reviews
analyze barriers to radical innovation (Sandberg & Aarikka-Stenroos, 2014), the classification of barriers
according to organizational levels (Hueske & Guenther, 2015), barriers to business model innovation in
the agri-food industry (Ulvenblad et al., 2018), and the innovation process in the public sector (Cinar et
al., 2019). In the Latin American context, the study by Santiago et al. (2017) highlights significant
differences in the perception of barriers to innovation in manufacturing and service companies.
Additionally, the importance of these barriers is perceived differently between sectors, so future research
should further address the nature of R&D in the service sector.

Regarding scientific sources, innovative companies only attach greater importance to
knowledge derived from universities than potential innovators. There are no significant differences in
evaluating innovation performance in the case of technological development centers, research centers, and
training centers. According to the above, hypothesis 2 (H2) is partially supported in this study. On the
other hand, it is validated that innovative companies attach greater importance to market-based knowledge
sources (H3) and technical assistance (H4). In the context of manufacturing companies in Colombia, for
example, knowledge derived from scientific sources and managers and production departments is
associated with a higher level of innovation (Corredor et al., 2015). The study conducted by Ruiz-Pava
and Forero-Pineda (2020) concludes that in Colombian companies, knowledge search strategies depend
on the level of innovation required. Thus, in developing new products for local markets (imitation-based
products), companies mainly value knowledge derived from other companies, while in the case of new
products for international markets (invention-based products), companies combine internal and external
sources to innovate.

Although the results are significant, the proportion of innovative companies is still very low
(Table 1), as is the proportion of companies that use external sources of information and knowledge. An
analysis of open innovation in emerging economies highlights that in the Colombian case, it is necessary
to strengthen and deepen the links between the different actors to consolidate relations of trust and shared
projects (Diaz et al., 2020).

The results of this study also confirm that family character in general is associated with less use
of internal and external knowledge sources to innovate (H5). In this regard, Jocic et al. (2021) emphasize
that family companies are often thought to be less innovative than non-family companies despite having
characteristics conducive to innovation. Accordingly, the study by Maghni and Oukaci (2018) highlights
that family companies do not take advantage of interactions with most sources of knowledge and
information in the innovation process. Specifically, the study by Duong et al. (2022) concludes that the

relation between the use of knowledge from market sources (clients and suppliers) and innovation
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performance is weaker in family companies, while the relation between the use of knowledge obtained
from universities and research institutes and innovative performance is stronger for family companies. On
the other hand, the study by Tan et al. (2021) concludes that higher family involvement significantly
reduces R&D investment intensity and the number of patent applications. Family companies play an
important role in the economic development of countries. Nevertheless, this type of company’s motivation
and innovation intensity are relatively limited (Liu, 2021).

Additionally, in the case of service companies in Colombia, it was found that innovation
capabilities, associated with investment in R&D and internal training, positively affect the importance
attached by the companies to internal and external knowledge sources to innovate (H6). According to
previous literature (Akram et al., 2020; AlMulhim, 2020; Dost et al., 2020; Jardon et al., 2020), internal
and external knowledge sources enhance companies’ innovation capabilities. Thus, innovation
capabilities are key to the company’s innovative system (Yam et al., 2011). The literature highlights that
innovation initiatives are directly linked to innovation sources; likewise, innovation enhances firm
performance (Demircioglu, 2021). Evidence also shows that external sources affect the company’s
innovation capabilities (Yam et al., 2011). Similarly, it has been shown that companies that combine
internal and external sources of innovation capabilities achieve better performance (Awoleye et al., 2020).
Specifically in Colombia, the study by Albis et al. (2021) confirms the effectiveness of public R&D
support funds as a mechanism for developing absorptive capacities in companies, which favor learning
processes, the development of competencies, and the competitiveness of companies.

Conclusions

Innovation is increasingly consolidated as a process involving interaction between various actors and
types of knowledge (Santoro et al., 2020). Nevertheless, the impact of different sources, both internal and
external, on the innovative performance of companies represents a gap in the current literature (AIMulhim,
2020; De Beule & Van Beveren, 2019; Duong et al., 2022). According to the above, this article supports
the assumption that innovative companies attach greater importance to internal and external knowledge
sources to innovate, compared to potentially innovative ones, based on the analysis of the service sector
in Colombia. In addition, family companies attach less importance to internal and external knowledge
sources for innovation. Likewise, the study shows that companies that invest in R&D and training attach
greater importance to sources of knowledge for innovation in service companies in Colombia.

This study, due to its nature, has several limitations. The fact that it does not conduct a longitudinal
analysis reduces the analysis’s explanatory capacity, variability, and efficiency. Nevertheless, the type of

variables used enabled the implementation of various analysis techniques to evaluate the research
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hypotheses initially proposed. It is suggested that future studies analyze the best “combinations” or
“configurations” of sources of information and knowledge that are most effective in achieving greater
innovative performance. Similarly, it is suggested that studies be conducted among Latin American
countries that periodically carry out official innovation surveys; the different innovation capacities
accumulated by Latin American countries and the heterogeneity in innovative performance could lead to

very relevant findings for this region.
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