
Determinants of innovation
Amultivariate analysis in Colombian micro,

small and medium-sized enterprises
Jorge Aníbal Restrepo-Morales

Ciencias Administrativas y Econ�omicas,
Tecnol�ogico de Antioquia Instituci�on Universitaria,

Medellin Antioquia, Colombia

Osmar Leandro Loaiza
Universidad de Antioquia, Medellin, Colombia, and

Juan Gabriel Vanegas
Ciencias Administrativas y Econ�omicas,

Tecnol�ogico de Antioquia Instituci�on Universitaria,
Medellin Antioquia, Colombia

Abstract
Purpose – This paper aims to study the influence of innovation on micro, small and medium-sized
enterprises (MSME) performance in Colombia through the 403 MSMES survey analysis. In particular,
this paper measures the effect of participation in R&D alliances, product innovation and process
innovation on it.
Design/methodology/approach – MSME performance is measured through a composite index,
estimated through principal components analysis using polychoric correlations, which is based on eight self-
reported assessments of MSME performance. Then, this measure of performance is related to MSME
participation in R&D alliances and the product and process development stance of the MSME based on an
adaptation of the Miles and Snow business classification scheme, by means of an ANOVA and a linear
regression.
Findings – Colombian SMEs are not significantly benefitted from participation on R&D alliances.
Instead, their performance appears to be dependent upon their internal innovation efforts directed to
product development. Moreover, the results suggest that imitators get a performance almost as high as
innovators.
Originality/value – Innovation activities in Colombian SMEs are carried out informally, as they are
mostly uninterested to engage in R&D activities and to develop new products by own initiative. Moreover,
few of them have an R&D department. In regard to technology, results suggest that almost half of SMEs are
classified as followers, namely, they use the same technology as competitors.
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Introduction
Micro, small and medium-sized enterprises (hereafter we will use the terms SME andMSME
interchangeably) are key players in Colombia’s business field, as they make a big
contribution to employment and output. Recent estimates show that SMEs provide 67 per
cent jobs and 28 per cent output (GDP) in Colombia (Dinero, 2016). Similarly, Bell and Teima
(2015) estimate that formal SMEs provide 45 per cent of jobs and produce 35 per cent of
output (GDP) in emerging markets, figures that could be higher if informal sector SMEs
were accounted for. The aforementioned facts together with SMEs fast adaptability to
changing market conditions make them a key player in the production and distribution of
wealth (Yoguel and Boscherini, 1996; Soto and Dolan, 2004).

Nonetheless, SMEs face big challenges, as several studies pinpoint SMEs’ structural
weaknesses, which undermine their innovation capabilities and competitiveness, thus
compromising their survival (Restrepo et al., 2016; Vanegas et al., 2018). Increasing market
openness, an accelerating rate of technological change, together with a loose management of
knowledge assets and human capital, poor qualifications of firm owners and employees,
localization and infrastructure disadvantages, all make it difficult for SMEs to prosper in
highly competitive markets.

In such a complex market environment, it is believed that SMEs can earn a competitive
edge through the added flexibility conferred by its small size. It is argued that this flexibility
and fast decision-making create an environment conducive to innovation. Innovation can be
either disruptive or incremental. Whatever the type of innovation, the whole point is that the
SME needs to have a competitive edge that allows it to outperform competitors, especially
bigger incumbents (Rosenbusch et al., 2011).

Hence, we intend to contribute to the debate about the relationship between innovation
and performance in SMEs in emerging markets through the survey analysis carried out by
FaedPyme (Foundation for the Strategic Analysis and Development of SMEs) in Colombia
in 2012 (Gálvez et al., 2012). They comprise 403 formal SMEs. This paper analysed owners
or managers’ perceptions at SMEs about their innovation capabilities, and the relationship
of these capabilities with financial and nonfinancial performance. Innovation capabilities are
understood as the potential that a firm has to produce, to plan and to execute innovations
with the available set of technological and organizational abilities available to the firm
(Akehurst et al., 2011).

The paper is structured as follows. First, the literature review is presented. Second, the
methodology is outlined. Third, the results are presented. Finally, the paper offers some
concluding remarks.

Literature review
Innovation is the development of a new method, idea or product (Merriam-Webster, 2016).
Generally speaking, innovation is beneficial for society as a whole because it either improves
its productive potential, solves existing problems or needs or just because it makes the
consumer better through the availability of new products and services. Hence, innovation is
a key driver in the gradual improvement of the material well-being of societies. Indeed, since
the seminal work of Solow (1956), it is well-known “that cross-country differences in
technology may generate important cross-country differences in income per capita”
(Comin, 2008, p. 2).

Thus, in economic growth theory, technological change is credited as a key determinant
of the growth in total factor productivity (TFP). TFP refers to the combined contribution of
all factors of production to output (Comin, 2008). But, obviously, technological change is
driven by innovation. Hence, as innovation drives technological change, which in turn
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drives TFP growth, then it is considered that innovation is an important determinant of
economic growth. This is precisely the view held by endogenous growth models
(Romer, 1990).

For instance, Barro and Sala-i-Martin (2000) made a growth accounting exercise in which
they decomposed the growth rate of a group of countries in three contributing elements: the
contribution from capital, labour and from TFP growth. There, it is seen that in rich
countries, TFP tends to make a high contribution to the growth rate of GDP. In Latin
America, the case of Chile stands out (38 per cent). In OECD, the case of Japan is prominent
example (47 per cent). Colombia, however, showcases a rather low contribution of TFP to the
growth rate of GDP (19 per cent).

Turning the attention to the Colombian case, Loaiza and Franco (2012) estimate the main
determinants of TFP growth. Globally, it is found that in Colombia technological change is
the main contributor to TFP growth, followed by the increases in technical efficiency.
However, if as the work of Barro and Sala-i-Martin (2000) shows, the contribution of TFP to
the growth rate of GDP in Colombia is relatively low, this probably should stem from the
fact that, being technological change the main determinant of TFP growth, technological
change is not proceeding at a fast-enough pace in Colombia.

As innovation is a microeconomic phenomenon that occurs at the firm level, then it is
important to analyse if innovation processes indeed have an impact on firm performance. So
here we turn our attention to the empirical literature on the ties between innovation and
performance in SMEs stemming from the realms of industrial organization and
management.

According to the structure–conduct–performance (SCP) paradigm in industrial
organization, the characteristics of the market structure determine the conduct of the firm,
which in turn determine its results. However, this relationship is not unidirectional, as the
firm’s conduct may also influence the market structure and, hence, its own performance.
From this perspective, the firm should adapt to the prevailing structural conditions in its
industry or implement a strategic behaviour to be competitive. The uncertainty and
intensity of changes faced by SMEs have accentuated the strategic role of innovation, so far
as to be considered a key determinant of profitability.

In this vein, the works of Van de Vrande et al. (2009) find that SMEs pursue open
innovation because of market-related causes, such as to keep up with clients demands or to
keep up with competitors. So, according to the SCP paradigm, profitability differences
among firms are explained by innovation-related factors and to the market structure in
which firms compete. Therefore, this approach extends strategic management theories,
which attribute profitability differences among firms mainly to internal factors, being
innovation one of them (Williamson andWinter, 1993).

Innovation and SMEs are closely tied. First, the development of a new idea is the key
reason why entrepreneurs establish a new business. Second, “the entrepreneur or small
business manager needs to have an innovative edge to compete against bigger incumbents”
(Rosenbusch et al., 2011, p. 442). Otherwise, it is likely they will be taken out of business by
the Big Fish. Third, SMEs can adjust to environmental changes faster than bigger
organization “due to their nimbleness, missing hierarchies, and quick decision-making”
(Rosenbusch et al., 2011, p. 442).

However, innovation is a risky endeavour. On the one hand, it requires resources that
may be hard to come by a SME. It is well-known that SMEs face tight financial resources
restrictions due to credit constraints (Nixson and Cook, 2005; OECD, 2009; OECD, 2015); but
they also may face other kinds of resource deficits, such as scarce management resources or
limited access to human capital (OECD, 1998; Abdullah, 2000). On the other hand, the results
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of those investments can be uncertain. So, it is no surprise that SMEs have a high mortality
rate. For instance, in the USA “about half of all new establishments survive five years or
more and about one-third survive, 10 years or more” (Bureau of Labour Statistics, 2016). In
Colombia, just about 50 per cent of new businesses survive to the first year, and 20 per cent
survive to the third year (Dinero, 2015).

Taking those facts into account, it is easy to see that big corporations have some
advantages to innovate. First, large organizations usually have the “resource slack to absorb
failure” and their accumulated experience may help them to better manage innovation
projects (Rosenbusch et al., 2011). However, as Govindarajan (2016) points out, “Past success
can trap [big] companies into believing what they have done is a blueprint for what they
should do”. Moreover, SMEs are very important. In Colombia, they represent well above 90
per cent formal businesses and create around 67 per cent jobs (Dinero, 2016). So, it is
important to know if innovation indeed improves the performance or results of a SME in
Colombia.

At the international level, there is a relatively wide body of empirical studies that try to
assess the relationship between innovation and performance in SMEs. To innovate, the firm
may use internal resources, external resources or a combination of both. In an empirical
study directed specifically to analyse SMEs innovation capabilities, Sternberg and Arndt
(2009) suggest that internal inputs are more important than external factors in determining
the SME’s innovation capability. In particular, they find that firms that participate in
an innovation network are more likely to generate process innovations. However,
participation in innovations networks does not have an impact on the probability to
generate product innovations. Moreover, external regional spending on R&D has a positive
impact on product innovation.

Now, the relationship between innovation and performance in SMEs, Rosenbusch et al.
(2011) found that performance is not only assessed through objective measures of results but
also through subjective ones. This fact could be related to the sensitiveness of SMEs’
managers to disclose important business information, so that empirical studies must
conform with indirect measures of results. The most relevant objective and subjective
measures of performance considered in the literature go along three dimensions: accounting
utility, growth and stock market performance. Firms can use internal inputs or external
inputs, and the innovation process outputs refer to the results derived from the innovation
endeavour, such as patents, new products and new industrial processes. This result could
stem from the high uncertainty that surrounds innovation processes, as channelling huge
resources to innovation activities is not guaranteeing to obtain successful innovation results.
This is to say that the productivity of innovation resources is highly heterogeneous.

Opposing some of the results derived by Rosenbusch et al., (2011), Zeng et al., (2010) point
that the increasing complexity of innovation processes has caused an important growth in
the use of R&D networks by SMEs. They find that cooperation with other firms, cooperation
with intermadiary institutions and cooperation with R&D organizations all have a positive
impact on firm performance. Nonetheless, the strongest effect on firm performance is
provided by inter firm cooperations.

Vermeulen et al. (2003) relate innovation inputs to innovations outputs and firm
performance. As innovation inputs, the authors use variables such as the share of employees
participating in R&D activites or in internal training activities, the participation of the SME
in innovation cooperation networks, and the capacity of the firm to gather external
information. Innovation outputs refer to the concrete products derived from the innovation
products and are measured through a dummy variables that is positive if the SME has
launched a new product. Finally, SME peformance is measured througth the return on sales
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(ROS). With this information in hand, Vermeulen et al. (2003) find that innovation inputs
have a positive effect on innovation outputs, but evidence is not conclusive about the efect of
innovation outputs on firm performance. In particular, they find that innovation outputs
have a positive effect on firm performance but only for larger SMEs.

Zahra and Bogner (2000) study the incidence of the technology strategy on new venture
performance (NVP) for the software industry in the USA. NVP performance is measured
though the return on equity (ROE) and market share growth. The technology strategy is
assessed through five diminensons: radicality, intensity, R&D spending, external tech
resources and intelectual property rights. Moreover, they also assess the competitive
environment through measures developed by Miller and Friesen (1982) based on
entrepeunuers perceptions. The authors find that radicality, intensity and the use of external
tech resources have a positive impact both on the ROE and the market share. Nonetheless,
the results are not conclusive about the effect of R&D spending on firm perfomance.

In the case of emerging market economies, we highlight Mohd and Sidek (2013) and
Ospina, Puche and Arango (2014). For instance, Mohd and Sidek (2013) study the effect of
innovation on Malaysian SME performance, which is measured through a composite index
based on managers’ subjective perceptions on ROS, return on assets, market share, sales
income and labour productivity. Moreover, the authors split innovation in three components:
processes, products and markets. The study suggests that market innovation does not have
a significant effect on firm performance, whereas process and product innovations do have a
significant effect. Likewise, according to Ávila (2015), manufacturing Mexican SMEs
committed to innovation achieve better financial results. On the same vein, Ospina et al.
(2014) make an analysis of innovation strategies and their impact on financial performance
in Colombian SMEs, with the result that there is a direct relationship between R&D
investments and profitability.

So, it is seen that there is no consensus in the literature about the effect of several
innovation dimensions on firm performance. For instance, the effect of innovation inputs is
called into question by some studies. Hence, some works claim that cooperation networks
on R&D benefit SMEs (Zeng et al., 2010; Zahra and Bogner, 2000; Sternberg and Arndt,
2009; Restrepo et al., 2016), while others hold a different view (Edmondson and Nembhard,
2009; Rosenbusch et al., 2011). Also, some works find a strongly positive relationship
between R&D spending and firm performance (Ospina et al., 2014), while others cast doubt
about this relationship (Zahra and Bogner, 2000). It seems to be a wider agreement on the
effect of product innovations on firm performance, as most studies find that innovation
process outputs have a positive effect on SMEs performance (Mohd and Sidek, 2013;
Rosenbusch et al., 2011; Zahra and Bogner, 2000), being the work of Vermeulen et al. (2003),
the only one that casts some doubt on the issue.

Possibly, the mixed results on the relationship among several innovation dimensions and
SMEs performance might be explained through different arguments (Bougrain and
Haudeville, 2002; Cataño et al., 2008; Rosenbusch et al., 2011; Restrepo et al., 2016). As argued
by Bougrain and Haudeville (2002), in SMEs, the manager takes responsibility for almost all
the decisions, including those regarding technical changes. Given the resource constraints of
a typical SME, then the manager’s risk aversion could block innovation processes. However,
these resource constraints are limited to not only financial capital but also human capital
and organizational know how. Following Cataño et al. (2008), it could be argued that a key
feature to understand SMEs limitations stems from their isolation, as SMEs sparse networks
pose them with increased barriers to access to technology, knowledge and financial
resources. In the case of R&D cooperation networks, this isolation may be hard to break
because “SMEs might lack the experience, needed to manage external collaborations”
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(Rosenbusch et al., 2011, p. 446), which are very complex endeavours as they involve
coordination challenges, intellectual property and rent distribution issues.

Finally, it can be said that the disagreements fit into the wider debate about the non-
linearity on the relationship between innovation inputs and outputs. Some firms, with very
few resources, could get successful and easily marketable products; whereas others, making
huge investments, could fail in their pursuit. This could be the reason why generally product
innovations are found to be more important to a SME performance, as product innovations
refer to the concrete results of the innovation process. In contrast, innovation inputs refer to
the resources brought into the innovation process, but whose final results are uncertain.

Methodology
Sample structure
The FaedPyme-survey was implemented through a stratified sample design. Due to the
difficulties to get to know the total SME population in Colombia because of unreliable and
scattered public data, the sample size is determined through non-finite population sampling.
The strata were as follows: industry sector, firm size and five Colombian regions. The
sample consisted of Colombian 403 SMEs, with a sampling error of 4.9 and a confidence
level of 95 per cent. Table I shows the sampling error for each strata.

Survey design
Respondents to the questionare were inquired by telephone. Survey-questions were closed-
ended and were directed to the firmmanager or CEO. The survey questioniare was designed
by taking into account previous SMEs-empirical works. The final questionaire was, 25
questions long, gathered in five sections. The first section asks for generic information. The
second section asks SMEs about their perception on the competitive environment and the
business climate. The third block is about straetgy and organizational structure. Thus, it
asks SMEs for the type of cooperation agreements they make, their planning time span, their
human resources’ management strategies, their interal departmantes and their business
strategies. We are particularly interested in SMEs cooperations agreemnts and business
strategies towards product and market development. First, this paper seeks to assess if
cooperation agreements on R&D have an impact on SME performance. Second, regarding
SMEs’ strategies, we follow the (Miles and Snow, 1978) fourfold business classification
according to their product development orientation and market strategy into prospector,

Table I.
Sample distribution
and measurement
error

Sample distribution Sampling errors
Regions No. of SMEs Strata Cases Error (%)

Centro (Bogotá, Bucaramanga) 133 Sector
Antioquia (Medellín) 89 Manufacturing 198 6.9
Sur Occidente (Cali, Popayán, Pasto) 87 Construction 21 21.3
Norte (Barranquilla, Cartagena, Santa Martha) 70 Commerce 75 11.2
Eje cafetero (Armenia, Manizales, Pereira) 24 Services 109 9.4
Total 403 Size

5 to, 10 employees 125 8.7
11 to 50 employees 196 7.0
51 to, 250 employees 82 10.8
Total 403 4.9

Source:Adapted from Gálvez et al. (2012)
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analyser, defender and reactor organizations with a minor tweak: we will call the analyser as
the imitator business instead. Thus, based on Barney and Griffin (1992), each strategy may
be summed up as in Table II. We will use this classfication scheme to address the issue of
product innovation in SMEs.

The fourth section deals with issues related to technology and business internal
processes. From this section, we are particularly interested in assessing process innovations,
namely, improvements in the production technology. Thus, by trying to keep a paralelism
with the Miles and Snow (1978) classification scheme, the survey classifies SMEs in four
types according to their stance regarding process innovations, as Table III shows:

Finally, the fith-survey-block asks the manager about hihe/sher perception on the SME
financial and non-financial performance compared to competitors. The survey asks SMEs to
rate eight statements in a fivefold qualitative scale ranging from strongly disagree (1) to strongly
agree (5). The eight statements ask themanager to tell if, compared to competitors, the firm:

� offers higher quality products;
� has highly efficient internal processes;
� has highly satisfied clients;
� adapts faster to market changes;
� grows faster;
� is more profitable;
� has highly satisfied and motivated employees; and
� has a low employee absenteeism.

In this vein, those SMEs that strongly agree with each statement would regard themselves
as high performers compered to competitors. Subjective assessments of firm performance

Table II.
Business

classification
according to the

product development
strategy

Strategy
type Definition

Survey
code

Prospector Is innovative and growth oriented, searches for new markets and new growth
opportunities through the development of new products, even if it is a risky
endeavour

Type A

Imitator Maintains current markets and current customer satisfaction with moderate
emphasis on product development, mainly directed to imitate succesfull innovators

Type B

Defender Protects current markets, maintains stable growth, serves current customers Type C
Reactor No clear strategy, reacts to changes in the environment, drifts with events Type C

Source: Based on Barney and Griffin (1992) and on Gálvez et al. (2012)

Table III.
Business

classification
according to the

process development
strategy

Strategy type Definition Survey code

Prospector Develops its own technology to get better results than competitors Type 1
Imitator Tries to keep ahead of competitors by buying cutting-edge technology Type 2
Defender Uses the same technology as most competitors Type 3
Reactor Competitors have better technology Type 4

Source:Adapted from Gálvez et al. (2012)
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are widely used in the literature, as a means to overcome managers’ reluctance to disclose
business information (Rosenbusch et al., 2011).

Data analysis techniques
We analyse if SMEs in Colombia are interested in innovation, and if this one has some impact
on firm performance. Hence, the methodology is structured in three stages: first, it conducts a
SMEs’ descriptive analysis and innovation profiles. Second, it computes a summarymeasure of
SME performance through principal components analysis (PCA). Third, it performs an
ANOVA to determine if there are significant differences in SMEs’ performance depending on
their innovation profile. Finally, a regression model is estimated as an alternative tool to
determine the influence of SMEs’ innovation profiles on their performance.

Results
Small and medium-sized enterprises characteristics
Strategy and product innovation. According to survey data, strategic planning activities (57
per cent) are the most SMEs do perform. Nevertheless, within those that make strategic
planning, the time horizon of their plans is fairly short, as just 19 per cent of SMEs consider
time spans longer than one year.

Furthermore, as can be observed in Figure 1, most SMEs do not implement alliances or
cooperation agreements of any kind. Nonetheless, it can be seen the most common
cooperation agreement is about provision activities, followed by alliances for distribution
activities and logistics. Finally, it shows that just a minority of SMEs have struck a
cooperation agreement to undertake R&D activities.

In the same vein, when classifying SMEs according to the (Miles and Snow, 1978)
inspired strategy typologies (Table III), it is found that only 34 per cent are self-regarded as
innovators, whereas the majority of SMEs are self-classified as imitators (22 per cent) or
followers (38.96) – 22 and 38.96 per cent, respectively (Table IV). Finally, a tiny fraction self-
classifies as reactive. Hence, it follows that most SMEs are not involved in product
innovation activities, reason why Colombian SMEs scarce interest on R&D cooperation
should not come as a surprise.

Technology and process innovation. To assess SMEs’ process innovation activities, the
survey follows a classification scheme resembling that of Miles and Snow (1978). The results
obtained show that just, 21.09 per cent of SMEs self-classify as innovators, whereas most
SMEs self-classify as followers (49.88 per cent) and a tiny fraction as reactive (5.96 per cent)
(Table IV). Thus, these results reaffirm Colombian SMEs low interest in innovation.

It could be expected, however, that SMEs that self-classify as innovators according to
their product development strategy, should do the same according to their process
development strategy. This is not the case. The cross-tabulation in Table V shows that
within type A companies, the biggest share self-classifies as Type 3 companies (41.61 per
cent). So, although they report to be product innovators, they self-regard as process
followers. This is to say that although these SMEs’ state to actively improve existing
products or to develop new ones, they mostly use the prevailing technologies.

Performance indicator
Cronbach’s alpha (0.87) and Gutmman’s lambda (0.88) for ordinal reliability (Gadermann
et al., 2012) suggest a high degree of internal consistency among the item responses to the
eight performance related questions. To compute a firm performance index, the answers
are summed up in one composite index through a PCA, which is computed through the
eigenvalue decomposition of the correlation matrix. In this regard, it should be noted that

JEFAS
24,47

104



the measurement scale for each of these eight statements is an ordinal scale ranging from
one (1) to five (5). Hence, to compute the PCA, it is necessary to rely on an alternative
computation method to obtain the correlations among statements. In particular, we will
not use the standard Pearson correlations but instead we will use polychorich
correlations (Fox, 2010; Holgado et al., 2010). Using this matrix of polychoric correlations,
it is found that the first component explains over half of data variability (54.81 per cent)

Figure 1.
SMEsmarket and

product development
strategy typology

Table IV.
SMEs’market

strategy typology

Product development Process innovation
Type Frequency (%) Type Frequency (%)

A (innovator) 34.00 1 (innovator) 21.09
B (imitator) 22.08 2 (imitator) 23.08
C (follower) 38.96 3 (follower) 49.88
D (reactive) 4.96 4 (reactive) 5.96

Source:Authors’ own elaboration

Table V.
Product development

vs process
development

strategy

1 (%) 2 (%) 3 (%) 4 (%)

A 27.01 27.74 41.61 3.60
B 22.47 23.60 46.07 7.80
C 16.50 19.11 59.24 5.10
D 10.00 20.00 50.00 20.00
Average 19.00 22.61 49.23 9.13

Source:Authors’ own elaboration
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(Table VI), whereas the second and subsequent components explain less than 12 per cent
of data variability. Therefore, only the first component is retained, and the remaining
ones are discarded.

In Figure 2, the arrows represent the direction of variability of each one of the eight
statements. As every arrow point rightwards, then it can be said that the first component –
represented by the horizontal axis – in fact represents a composite index of firm
performance. In what follows, we will relate this composite index of SME performance with
its innovation strategies.

Table VI.
Component
percentage of
explained variance:
scree plot

Component (%)

1 54.81
2 11.66
3 9.00
4 6.92
5 5.94

Source:Authors’ own elaboration using R software

Figure 2.
Average SME
performance index by
alliances, product
innovation and
process innovation
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ANOVA
Performance vs alliances. The reader should remember that the survey considers for types
of cooperation agreements. Those related to provision activities, to distribution activities
and to logistics will be referred as commercial alliances (CAlliances). It can be seen in
Table VII that SMEs with commercial alliances have a higher average performance (11.64)
than those who do not (11.08). Moreover, those SMEs with R&D alliances (IAlliances) also
have a higher average performance (11.51) compared to SMEs that do not participate in such
alliances (11.42). Nonetheless, in this case, the difference appears to be very small.

Indeed, in Table VIII, it can be seen that the Omnibus test fails to reject the null
hypothesis that there is no difference in the average performance between SMEs with R&D
alliances and SMEs without such an alliance – see the high p-value in the second row (0.65).
On the contrary, the Omnibus test suggests that there is a statistically significant difference
in the average performance between SMEs with commercial alliances and those without
these alliances – i.e. the p-value in the first row is almost zero (0.001).

Although at first glance, this result may appear surprising, it is not new in the literature.
For instance, Rosenbusch et al. (2011, p. 446) find a similar result, arguing that “SMEs might
lack the experience, needed to manage external collaborations”, as they involve complex
issues about coordination efforts, protection of intellectual property, appropriation of rents.
Also, Sternberg and Arndt (2009) make a related finding, as their results suggest that
probability of product innovations is unaffected by a SME participation in local or inter-
regional innovation networks.

To confirm this result, we take an alternative approach. We group SMEs according to a
variable that takes the value of 0 if the SME has no alliances, the value of, 1 if the company
participates in commercial alliances only, 2 if the firm participates in R&D alliances only, and 3
if the SME has both commercial alliances and R&D alliances. Table IX shows that SMEs with
commercial alliances and both types of alliances have a high average performance indicator
compared to SMEs without any alliances. Nevertheless, the lowest average performance
indicator is found to belong to SMEs that participate in R&D alliances only.

As now we have more than two groups, we turn to a paired t-test to compare group
means, with p-values corrected by the Bonferroni adjustment method. Additionally, we test
the results for the Wilcoxon signed rank test for paired samples that works even if the

Table VII.
Average SME

performance index
by alliances, product

innovation and
process innovation

Answers Commercial alliances R&D alliances Product innovator Process innovator

No (0) 11.08 11.42 11.21 11.35
Yes (1) 11.64 11.51 11.87 11.75

Source:Authors’ own elaboration using R software

Table VIII.
Ominbus test for

differences in group
means

Type F-value P-value

CAlliances 10.8 0.001
IAlliances 0.21 0.65
IProduct 14.83 0.00
IProcess 3.85 0.05

Source:Authors’ own elaboration using R software
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population is not normally distributed. Table X reports the p-values obtained by applying
the paired t-test. With a significance level of 5 per cent (or 0.05), we can conclude that there is
a significant difference in average performance between SMEs with commercial alliances
only versus those with no alliances at all, as the p-value is very small (0.012), rejecting the
null hypothesis of equality in group means. On the contrary, we cannot find a significant
difference in average performance between SMEs with R&D alliances only versus those
with no alliances (0), as the p-value is large (1.00). But even those SMEs with both types of
alliances (commercial and R&D, or Type 3 alliances) cannot be said to outperform those
without any alliance, as the p-value is large (0.255). Hence, it can be said with less
uncertainty that R&D alliances do not have significant effect on SME performance in
Colombia.

Performance vs product innovation. Here, we return to the Miles and Snow (1978)-based
strategy classification, summarized in Table II, to identify product innovators.
Consequently, SMEs are grouped according to a dichotomous variable (IProduct) which is
one if SMEs are classified as type A firms, and zero otherwise (0). Now, considering the
remaining three categories in the classification scheme, Table XI shows that innovators
outperform the other three types of firms. However, the paired t-test shows that this
difference is not significant when comparing imitators (type B) versus innovators (type A),
as the reported p-value is fairly large (0.107), failing to reject the null hypothesis.

Table X.
P-values from the
paired t-test for
comparison across
group means: SMEs
without any alliance,
commercial, R&D
and both types of
alliances

0 1 2

1 0.012
2 1.000 1.000
3 0.255 1.000 1.000

Source:Authors’ own elaboration using R software

Table XI.
Average
performance by
stance

Product development
Stance A B C D

11.87 11.35 11.26 10.23

Process development
Stance 1 2 3 4

11.75 11.62 11.34 10.45

Source:Authors’ own elaboration using R software

Table IX.
Average
performance by
alliance type

No alliances (0) Commercial (1) Rþ D (2) Both (3)

11.09 11.67 11.00 11.58

Source:Authors’ own elaboration using R software
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Consequently, it cannot be said that innovators in product development outperform
imitators in product development. However, when comparing innovators with followers
(type C) and reactive (type D) firms, the difference in means is found to be significant.
Therefore, it can be said that innovators in product development outperform follower and
reactive SMEs, but at the same time, they fail to gain a competitive edge compered to
imitator SMEs. Hence, in Colombia imitators in product development get probably results
nearly as good as innovators.

Performance vs process innovation. The SMEs are grouped according to a variable
(IProcess) which is one (1) if the SME is classified as a type 1 (or a process innovator) firm,
and zero (0) otherwise. Turning attention to the remaining three categories in the
classification scheme (Table III), it is found that innovators in process development have an
average performance higher than other type of firms, as can be seen in Table XI.
Nevertheless, the paired t-test shows that this difference is not significant when comparing
followers (Type 3) to innovators (Type 1) and imitators (Type 2) vs innovators (Type 1). So,
innovators in process development only outperform reactive firms (Type 4), whereas
followers and imitators in product development have a performance close to that of
innovators. Therefore, it appears that in Colombia, SMEs that buy cutting-age technology
(imitators) or use the same technology as the competitors (followers) get results so close to
those of SMEs which develop their own technology, that innovators do not get a competitive
edge against these other types of firms.

Linear regression model
As a last step, and as a way to sum up the results so far obtained through the ANOVA, here
we will estimate a regression model through the ordinary least squares method. In this
model, we relate the performance index to a set of four dummy variables: CAlliance –
whether the firm belongs to a commercial alliance, IAlliance – whether the firm belongs to a
R&D alliance, IProduct – whether the firm makes product innovations, IProcess – whether
the firm makes process innovations. The regression model reported in Table XII have no
collinearity problems, as the squared root of the variance inflation factors is less than two.
Nonetheless, due to the presence of heteroscedasticity, we report the robust sandwich
estimator ofWhite.

The regression model suggests that commercial alliances (CAlliances) and product
innovations (IProduct) both have a positive and statistically significant effect on firm
performance. However, alliances for R&D activities (IAlliances) and process innovations
(IProcess) are not statistically significant. Hence, the model appears to confirm that there is
no evidence, for the Colombian case, that cooperation in R&D and process innovations have
a positive effect on SME performance.

Table XII.
Linear regression

model

Performance Parameter SD t-value Pr(>|t|)

(Intercept) 10.85512 0.16578 65.4807 <, 2.2e-16 ***
CAlliance 0.54182 0.17369 3.1195 0.001943 **
IAlliance �0.17526 0.18845 �0.93 0.352929
IProduct 0.61068 0.1538 3.9707 8.51E-05 ***
IProcess 0.30888 0.19081 1.6188 0.106287

Notes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘, 1
Source:Authors’ own elaboration using R software
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Concluding remarks
Results suggest that innovation activities in Colombian SMEs are carried out
informally, as they are mostly uninterested to engage in R&D activities and to develop
new products by own initiative. Regarding technology, results suggest that almost half
of SMEs are classified as followers, namely, they use the same technology as
competitors. However, it is also found that a minority of SMEs are classified as
imitators in product development. Finally, it is also found that SMEs oriented to
product innovation have on average the highest performance indicator.

The results obtained in this paper show that SMEs that make product innovations have a
higher performance than those who do not. However, it is found that imitators in product
development get a performance almost as high as innovators, as the ANOVA fails to reject
the null hypothesis of equality of variances. Also, the ANOVA suggests that process
innovations are not as critical to SMEs performance as product innovations, as even
followers in process development appear to have an average performance so close to
innovators, which the paired t-test (and theWilcoxon test) fail to reject the null hypothesis of
equality of variances for these two types of businesses. Moreover, R&D alliances do not
appear to provide a competitive edge to Colombian SMEs.

The results are confirmed by a linear regression model. First, it is found that commercial
alliances have a positive impact on firm performance, whereas R&D alliances appear not to
have a significant effect on SME performance. In this respect, our results resemble the
findings by Rosenbusch et al. (2011) and are in line with results obtained by Sternberg and
Arndt (2009). Then, possibly there is a low interest in innovation, as the ANOVA suggests
that imitators have a performance as high as innovators, or it can be the case that Colombian
SMEs lack the capabilities or experience to manage cooperation efforts in R&D.

Second, the regression model suggests that process innovations are not as important to
SME performance as product innovations. Indeed, the IProcess variable is not significant. This
result is in line with that of Mohd and Sidek (2013), who found that product innovations have a
greater effect on SME performance than process innovations. This finding could be understood
from the lens of the non-linearity between innovation outputs and innovation inputs. Namely, it
is far more important for the SME’s success the concrete product derived from the innovation
endeavour than the amount of resources involved in the innovation process. As process
innovations are directly related to productive efficiency, but at most indirectly related to gains
in marketability, it could be fruitless to increase productive efficiency if the market is not
welcoming to an increased quantity of a previously existing, undifferentiated product.
However, an improvement over an existing product could result in a heightened interest in the
good or service provided by the SME. Moreover, an entirely new product opens up new
markets. This could be the reason why product innovation is found to be more important to
SMEs results than process innovation in this paper and the related literature (Mohd and Sidek,
2013; Rosenbusch et al., 2011; Zahra and Bogner, 2000).
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