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Abstract
This paper studies the role of technological capabilities (TCs) on small young firm growth.
Distinguishing three types of technological capabilities - projects, execution and external
learning- and looking at the complementarities among them, we provide empirical evidence on
Brazilian small young firms. The econometric analysis employs three waves of Pintec surveys.
Results show that project design capabilities are a major factor in the growth for small young
Brazilian firms if combined with an appropriate level of external learning. As an extension, we
delve into sectors (machinery, food processing, chemicals, and electronics) and find relevant
differences across them.
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1. Introduction
How crucial are technological capabilities for small, young firms in emerging countries?
Given small young firms within these countries, typically do not undertake formal R&D, which
are the relevant technological capabilities (TCs) needed to grow? Do different TCs matter across
different industries? This paper offers empirical answers to these questions, investigating the role
TCs play in firm’s path to growth.
Small, young firms can bring new visions, technologies, and skills to the economic system
and can help to transform the productive structure. Their growth may foster the overall economic
development of a country and provide the domestic industrial structure with new domestic or
international leaders. Since Schumpeter (1934), literature 1 suggests that small young firms can be
important sources of innovation and change.
We contribute to this theoretical debate by focusing on small young firm’s internal efforts
and capability development that enable them to grow. Being young, the distinctive feature of
these firms is that they do not possess huge amounts of previous information about the
environment. Therefore, young firm’s challenge is to early build technological capabilities and
dynamically adapt to the environment (Stam and Wennberg, 2009; Sapienza et al., 2005; Winter,
2003; Helfat and Peteraf, 2003; Dosi, 2001; Teece et al. 1997). Being small, these firms are more
prone to growth but have more chances or facing bankruptcy and failure. Combining both
aspects may place small young firms in difficulties and these firms can struggle even more
within emerging countries 2.

1
2

See Nelson and Winter (1982); Acs and Audretsch (1990); Audretsch, (1995), among others.
Kim (1980) for instance highlights industrial technology develops in stages within emerging countries.
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Growth can be achieved individually (organically) or through integration (e.g. acquisitions
as part of a value chain). Strategies to grow range from diversification to market penetration,
achievable thanks to technological sophistication, market positioning, new product introduction,
etc. In terms of internal drivers of the growth of small young firms 3 , entrepreneurship,
management and innovation (i.e. besides simple imitation) appear fundamental (Davidsson et al.,
2010).
To the best of our knowledge, the literature has not covered yet the role of TCs in small
young firm growth. Neither in advanced, nor in emerging economies 4. We argue TCs, related to
tacit and informal knowledge rather than to formal R&D projects (Foray, 2004; Nelson, 2008)
are core for small young firms in emerging countries. We follow Teece 5 (2007, p.1319) and
argue that ‘to sense and shape opportunities and threats, to seize opportunities, and to maintain
competitiveness through enhancing, combining, protecting, and, when necessary, reconﬁguring
the business enterprise’s intangible and tangible assets’, small young firms previously master
TCs.
As in Bell and Pavitt (1993), we define technological capabilities as the resources and
abilities needed to generate and manage technical change, including skills, knowledge and
experience, and institutional structure and linkages. We follow Lall (2000, 1992) in
distinguishing different capabilities types or dimensions (projects, execution and linkages
3

Kotha et al. (2011) moderation arguments suggest that there are relative advantages of young versus older firms
from entry into new technological niches.
4
Seminal contributions suggest technological capabilities are key factors for economic development and catching
up. Works by Nelson and Winter (1982), Katz (1976 and 1987), Lall (1987 and 1992), Bell and Pavitt (1993), Kim
(1997), Amsden and Hikino (1994), Nelson and Pack (1999), Lee and Lim (2001), Mathews (2002), Figueiredo
(2001 and 2003), Amsden and Chu (2003), Lee (2011) argue TCs are particularly relevant for firms in emerging
countries. TCs are associated with various aspects of the resource endowment of firms in developing countries
(Fransman 1985, Dahlman et al. 1987, Kaplinsky 1990, Hobday 1995, Mathews, 1996 and Lee, 2013).
5
In a more strict sense, dynamic capabilities in general refer to capacity to reconfigure its capabilities to adapt to a
changing environment (Teece, 2012). A relatively long time or a changing context would be the ideal scenario for
them.
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capabilities), which can be exerted at different levels of complexity. In addition, we examine
whether there are complementarities among TCs—that is, if they are interdependent in a manner
that causes them to reinforce one another within the firm—or if instead they act as substitutes.
Our empirical analysis focuses on a large sample of small, young Brazilian firms in the
period 2003–2008, surveyed during three consecutive rounds of the Brazilian Innovation Survey
(2003–2008). Brazil is an ideal 6 setting for this inquiry because it has experienced rapid growth
in the last decades and additionally it has a preponderance of small domestic firms operating
alongside a large number of multinational subsidiaries (Costa and Robles Reis de Queiros,
2002). Additionally, as in most of the emerging countries, the role of informal, tacit knowledge
in mastering technologies and in innovation seems substantial 7.
Firstly, we consider the entire sample of small, young Brazilian firms. Secondly, we look
for differences across four industries (machinery and equipment, food, chemicals, and
electronics), which we retain relevant examples of different sectoral systems (Malerba, 2002).
We derive our results using various econometric specifications based on quantile and OLS
regressions. At the general level, our findings indicate that project capabilities matter for growth
when complemented by appropriate external learning. Linkages capabilities, which allow firms
to build links with external actors, appear relevant for firms early in the life cycle. Then,
focusing on the four industries, we show that the positive relationship between project
capabilities, linkages capabilities, and growth is true only in three of the four industries—
machinery and equipment, chemicals, and electronics—with some caveats regarding results with

6

The Brazilian case is interesting. It expanded beyond agricultural commodities and low value-added manufacturing
to a wide range of sectors, including food, biotechnology, information and communications technology (ICT) and
software that serve mainly domestic and regional markets (Goedhuys and Veugelers, 2012).
7
Brazil spends only about 1% of its GDP in R&D, and most of these expenditures come from the public sector
(Lugones and Suarez, 2007).
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firm fixed effects. We do not find evidence that TCs play a role in the growth of small, young
firms in the food industry.
The structure of this paper is as follows. Section 2 briefly examines the literature on
growth and TCs in firms. Section 3 describes the database, the variables, and the methodology
we used to measure growth in our sample of small, young Brazilian firms. Section 4 presents our
empirical results. Section 5 discusses our findings and offers some concluding remarks.

2. The Conceptual Framework
2.1. Firm growth
From a broad perspective, firm’s ability to grow depends on internal and external factors 8.
At internal level, there is some consensus that capabilities, innovation and management play a
crucial role on growth. Looking what externally conditions growth, more product market
competition has a positive effect on growth and too much imitation is growth-reducing (Aghion
and Howitt, 1992). Instead, the adoption of new technologies, a heavy regulatory burden, low
quality institutions, severe financial constraints, and macroeconomic uncertainty can hamper
growth 9 (Goedhuys and Veugelers, 2012).
Irrespective of the size, some firms grow faster than others and in a persistent way, driven
by human capital, strategy, human resource management, innovation and capabilities (Barbero et
al., 2011; Demir et al., 2017 10). Intuitively, larger firms may have better chances of increasing its
size in absolute terms, even if large and small firms should have the same proportionate rate of
8

Firm growth rates can follow different patterns. On the one hand, some findings suggest that growth rates follow a
random walk (Geroski, 2000). On the other hand, some authors find regularities such as fat tails (Bottazzi and
Secchi, 2006) and autocorrelation patterns, in which growth is not just a final outcome, but is also an input that
provides firms with the means for more expansion (Coad, 2010).
9
Strategic management literature (Oriani and Sobrero, 2008) introduce industry-level moderators, for instance to
moderate the effect of uncertainty on the value of R&D, the degree of technology cumulativeness, etc. This type of
analysis goes beyond the scope of this paper.
10
The authors provide a systematic review of the drivers of high-growth firms.
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growth 11 . In parallel, small firms may be able to grow faster than large ones 12 .

Unlike

established firms, moderately innovative strategies seem the most appropriate strategy for small
young firm that aim to grow.
In this paper, we focus on what drives the growth of small young firms within an emerging
country. We argue this is interesting because these firms may differ from large firms in their
resources, abilities 13 and competitive behavior, having obvious consequences for growth. We
extend Eisenhardt and Schoonhoven (1990) and acknowledge emerging markets are a difficult
environment for young firms 14.
There are different modes in which small firms grow 15 : organic, acquisition-based or
through international expansion 16. We concentrate on the former aspect and in particular, on
TCs, because we predict they are paramount for firm growth. TCs, as the other factors of organic
growth, need purposeful planning and specific allocation of resources. Furthermore, growing by
acquisition or through international expansion can produce better results if firms have previously
developed their own TCs, particularly within emerging countries. We expand on this aspect in
the following paragraphs.

11

The Gibrat’s Law of proportionate effect predicts a proportionate change in the size of the firm. Hart and Prais
(1956) illustrate this fact and find that the probability of proportionate change in size varies inversely with the
magnitude of the change. In parallel, focusing on employment, Hall (1987) weakly rejects the Gibrat’s Law for the
smaller firms in a sample of around 1,800 US firms in 1976 and Dunne and Hughes (1994) confirms that the
Gibrat’s Law does not hold for the smaller firms in a sample of around 2,000 UK companies.
12
For instance, Dosi (2007) shows that this is true on average, and only when considering small surviving firms.
13
Davidsson (1991) develops a model based on three determinants of growth: ability, need and opportunity.
14
Nichter and Goldmark (2009) highlight that the vast majority of small firms in developing countries never expand,
due to individual entrepreneur characteristics, firm characteristics, relational and contextual factors. Some studies in
developing countries just pay attention to the relationship between entrepreneurial attributes, firm characteristics and
growth (Bigsten and Gebreeyesus, 2007; Goedhuys and Sleuwaegen, 2010); while studies in advanced countries
explore the impact of factors such as age, size, and survival on growth (such as ; Phillips and Kirchhoff, 1989;
Audretsch, 1995; Bartelsman et al., 2005; Coad, 2009; Coad, 2010).
15
Davidsson et al. (2010) provide a comprehensive survey of the empirical literature on small firm growth.
16
Gilbert et al. (2006) address different growth dilemmas in relation to the “how” decision of internal versus
external growth and the “where” decision of domestic versus international growth.
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Firm’s age also plays a role (Autio et al, 2000). Firms need to overcome the initial hurdles
(i.e. the liability of the newness). Once they get past the first critical period, they may be able to
grow fast (Mata, 1994). There is evidence that growth decreases for different phases of the
business cycle, holding the firm size constant (Evans, 1987). A plausible explanation is that
young companies are more dynamic but also more volatile in their growth experience than old
companies (Dunne and Hughes, 1994).
If young firms innovate 17, they may able to grow faster, but this may entail additional
uncertainty for young firms 18 and higher risks of disappearing in the early years subsequent to
their birth. We believe, size and youth (i.e. lack of experience) taken together, can make growth
even more challenging 19. If new firms are born small, with imperfect knowledge about their true
efficiency levels and limited resources, their first time in the market can be more crucial
(Jovanovic, 1982).

2.2. Technological capabilities as drivers of growth
The underpinning intuition is that having TCs, small young firms are better prepared to
grow. In line with the resource-based view of the firm, companies need capabilities (i.e. built on
resources), to be competitive (Barney, 2001). The first step is the ability to absorb and make
effective use of knowledge and technologies (i.e. absorptive capabilities, as coined by Cohen and
Levinthal, 1990). Exhibiting project capabilities (often not formalized) helps execution
17

Innovators are an active area of empirical and theoretical research (Schneider and Veugelers, 2010; Veugelers,
2009) because of their role in technological change and industrial evolution (Malerba and Orsenigo, 1999).
Interestingly, the type of innovations (major or incremental) does not affect growth. Instead, what matters for growth
is firms’ ability to develop innovations with significant commercial applications and social value (Schneider and
Veugelers, 2010). Additionally, if firms operate in ‘seedbed’ industries they can achieve faster-than-average
employment growth (Beesley and Hamilton, 1984).
18
The first area of uncertainty is achieving an appropriate production process and scale for the innovative product;
the second is successfully marketing an innovative product (Audretsch, 1995). Uncertainty may also be higher with
regard to financial constraints, both internal and external (Schneider and Veugelers, 2010). Furthermore, it may take
a long time for a firm to convert increases in economically valuable knowledge (Coad and Rao, 2008) into
successful manufacturing procedures and a viable production process.
19
Audretsch (1995) find that the growth of young firms negatively correlates with firm size.
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capabilities, broadly associated with knowledge about how to carry on production changes and
develop organizational routines. This internal knowledge prepares firms for linkages capabilities
or fruitful exchanges of information and collaboration (e.g. networks, alliances, etc. at national or
international level), to obtain external technology necessary to feed the knowledge base of
firms 20.
Given we look at small young firms within emerging markets, our hypothesis is that TCs
are key drivers of growth. Having TCs, firms can go beyond cloning, imitation, or pure transfer
of technologies from advanced countries. TCs, exerted at different levels of complexity
(Figueiredo, 2008), may highlight indigenous processes of learning and technological activities
that are not included in the traditional concept of R&D (i.e. an activity conducted by specialized
units or centers belonging to a company). The various types of technological capabilities may
exhibit different degrees of complementarity21 and may imply interactions with external sources
of knowledge 22.
As an extension, we consider the sectoral 23 context in which capabilities can exert their
influence on the growth of small young firms. For instance, rapidly growing firms are frequent in
industries and regions that are more dynamic. Sectoral differences 24 may affect the type of

20

Small young firms differ from multinationals exchange of knowledge. In a case study of a Chinese construction
firms, Rui et al. (2016) suggest emerging market multinationals tend to focus on their reliance on foreign firms for
learning and capability upgrading.
21
This implies that the implementation of one activity pays off more if the complementary activity is present, too
(i.e. complementarity can be formally expressed via supermodularity, see Topkis, 1998; Schmiedeberg, 2008).
22
Firms in developing countries accumulate TCs in the context of global value chains, in which learning and
capability development lead firms to upgrade in various ways (Hobday 1995; Gereffi and Sturgeon, 2005; Morrison
et al. 2008).
23
Capabilities operate in systems of various types (Nelson, 2008): they can be national (Lundvall, 2007), sectoral
(Malerba and Nelson, 2011), and regional (Cooke, 2001).
24
The literature on innovation systems has pointed out that each sector has a specific knowledge base, set of actors,
networks, and institutional setting (Malerba and Orsenigo, 1999; Malerba, 2002). These differences may greatly
affect the type of actors involved in production and the market structure of industries, both in advanced countries
(Mowery and Nelson, 1999; Malerba, 2004; Castellacci, 2008) and in developing countries (Malerba and Mani,
2009).
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technological capabilities that flourish within firms and should be relevant for growth. To
account for these differences, we consider four industries with different knowledge bases, actors,
networks, and institutions: machinery and equipment, chemicals, food, and electronics.

3. Database, Variables, and Methodology
3.1. Data description
Our empirical analysis examines the growth of firms in the period 2003–2008. Our data
come from the Brazilian Innovation Surveys (Pesquisa de Inovação Tecnólogica, hereafter called
‘Pintec’) for 2003 (11,337 firms), 2005 (13,575 firms), and 2008 (14,355 firms) 25 . Only
industrial firms in Brazil with more than 10 employees are included in the surveys, therefore our
analysis include all but the smallest of young firms.
Table 1 reports descriptive statistics about the number of firms by size (measured as the
number of permanent employees), by absolute values of sales and sales growth, and by
percentages of sales growth, based on the Pintec website 26 . IBGE does not allow providing
statistics and plots of our sample of firms due its confidentiality policy.
From Table 1 it is apparent that the highest deflated sales growth rates across the three intervals
(2003–2005, 2005–2008, and 2003–2008) belonged to the smallest and largest firms.
Interestingly, in the period 2003–2008 the growth rate of sales was 98.82% on average.
Our analysis considers firms that were present in all three waves of the survey. We define
small, young firms as those whose age was less than 15 years in 2008 and whose number of

25

The Pintec surveys conducted by the Instituto Brasileiro de Geografia e Estatistica (IBGE) according to the Oslo
Manual 3rd Edition and the Community Innovation Survey (CIS III), are administered only to industrial firms with
more than 10 employees, which means that the smallest manufacturing plants are omitted from the analysis.
26
Pintec website: www.pintec.ibge.gov.br

9

employees was more than 10 and less than 150 27 . Our population therefore consists of 786
firms. 28 Among these, the numbers of firms operating in our four focal industries are 97 in
machinery and equipment, 78 in food, 48 in chemicals, and 55 in electronics. Our unit of
observation is the firm, which we define as an entity that can perform different economic
activities operating at different geographic locations.

3.2. Methodology
Our empirical analysis focuses on firm growth from 2000 29 to 2008. Growth is calculated
for the firms present in all three waves of the survey. It is defined as:
𝑆𝑆𝑡𝑡 ′

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ = ln( 𝑆𝑆𝑆𝑆 )

(I)

where S is firm sales, t' is 2008 and t is 2000. Our first caveat regards growth due to mergers and
acquisitions: as no information is available on mergers and acquisitions, there is no way to
distinguish between internal growth and growth due to these processes.
Our basic specification includes standard least squares and quantile regressions.
Standard least squares regression techniques provide estimates that calculate the average effect
of the independent variables on the ‘average firm’ and may hide important features of the
underlying relationship (Coad and Rao, 2008). Instead, quantile regressions segment the sample
into subsets defined according to the conditioning covariates (Koenker and Hallock, 2001). They
provide an equally convenient method for estimating models for conditional quantile functions

27

In line with the IDB’s Classification of SMEs stated in “Comparative Analysis. SME Models Supported by IDB:
The Case of Brazil. IDB, 2013”.
28
Because in all surveys there are losses from the original sample, the rate of loss is estimated and varies with the
reference year. Firms’ distribution by rate of loss is made in proportion to the samples size of the eligible and noneligible strata (Junqueira Lustosa, 2011). These losses do not affect the validity of our study. We show in Appendix
C (available upon request) that the distribution of TC1 (project capabilities) for small and young (S&Y) firms is
similar for firms in the original samples and for firms present in the three waves.
29
The 2000 survey is used only as a baseline for our calculations.
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(i.e. the correspondent quantile coefficients can be interpreted as the partial derivative of the
conditional quantile of growth with respect to particular regressors

30

), appropriate for

highlighting changes in ways not revealed by an examination of averages.
Applying quantile regressions allows us to delve into the features of the conditional
distribution of growth 31 in terms of confounding factors and interaction terms, just as with
conventional regressions 32 (Angrist and Pischke, 2009). Furthermore, quantile regression models
could be the best linear approximation to the conditional quantile function using a weighted
means squared error loss function. Assuming integrability, the conditional quantile function
solves the following problem (Angrist et al. 2006):
𝑄𝑄𝜏𝜏 (𝑌𝑌|𝑋𝑋) ∈ arg min𝑞𝑞(𝑋𝑋) 𝐸𝐸[𝜌𝜌𝜏𝜏 (𝑌𝑌 − 𝑞𝑞(𝑋𝑋))].

at a quantile τ where ρτ (µ) = (τ – 1(µ≤0))µ and the minimum is over the set of measurable
functions of X.
Then, our linear regression model 33 for firm growth takes the following form:
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + (𝛽𝛽1 𝑋𝑋1 + ⋯ + 𝛽𝛽1𝑘𝑘 𝑋𝑋𝑘𝑘 ) + 𝜀𝜀𝑖𝑖,𝑡𝑡
30

(II)

The θth regression quantile with 0<θ<1 is defined as any solution to the minimization problem (Koenker and

Basset, 1978):
min[ �
𝑏𝑏∈𝑅𝑅

𝑡𝑡∈{𝑡𝑡:𝑦𝑦𝑡𝑡≥𝑏𝑏}

𝜃𝜃|𝑦𝑦𝑡𝑡 − 𝑏𝑏| +

�

𝑡𝑡∈{𝑡𝑡:𝑦𝑦𝑡𝑡<𝑏𝑏}

(1 − 𝜃𝜃|𝑦𝑦𝑡𝑡 − 𝑏𝑏|) ]

considering that {Xt: t = 1,…., T} is a sequence of (row) K-vectors of TCs which are drivers of growth, and {Yt: t =
1, . . ., T} is a random sample on the regression process Ut = Yt - Xtb.
31
We measure growth in terms of sales (i.e. not in the number of employees, etc.) to make the most of the quantile
regressions machinery.
32
A caveat could be that quantiles are not smooth functions of data, and thus the standard linearization might fail. In
any case, we would expect that the estimates are still asymptotically normal, as shown by Rao and Wu (1988), for
the case of smooth functions of population totals.
33
We fit a model for conditional quantiles. As the survey conveys a weighting variable meant to adjust for sampling
differences, we use it to help determine the importance the quantile regression minimand gives to points in the
support of Xi for a given distribution of Xi, and we use it as a substitute for the linear approximation with weighting
function proposed by Angrist et al. (2006).
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where X1…..Xk is a vector of measured explanatory variables for the ith firm and β1….. βk is the
vector of unknown regression parameters to be estimated.
To uncover omitted variable bias, potential reverse causality, and measurement error
(typically occurring in observational studies) our empirical strategy is to control for unobserved
confounding factors such as unobserved individual firm heterogeneity (correlated with the
explanatory variables) by allowing εi,t to include a firm-specific fixed effect (Fj). In this way, we
reduce the omitted variable bias that comes from idiosyncratic unobserved firm characteristics
that affect growth rates (such as labor force productivity, effective management, etc.). Subjectspecific random intercepts are included to account for within-subject dependence in the context
of longitudinal surveys (Geraci and Bottai, 2014). 34
To check for Brazilian contextual shocks during the eight-year period we include year
dummy variables. Time invariant omitted variable bias may not be obvious: it is likely that these
unobserved firm characteristics correlate with the explanatory variables in equation (II). Ideally,
we should get a linear, additive form to solve the problem of unobserved confounders by using
panel data 35.
We include ‘good controls’ (Angrist and Pischke, 2009) in our model to help capture the
effects of TCs on the growth rate. We avoid ‘bad controls’ (such as access to financial
resources), as they could be an outcome of our regressor of interest and would generate selection

34

The approach relies on the link between the minimization of weighted absolute deviations, typically used in
quantile regression, and the maximization of a Laplace likelihood. The stronger constraint of a joint quantile
specification is replaced by the weaker stochastic ordering of the asymmetric Laplace. Indeed, the use of L1
penalties in fixed-effect models is convenient and apt to be solved via linear programming algorithms (Geraci and
Bottai, 2014).
35
Working with panel data with no instruments we need a set of more restrictive assumptions; therefore, we avoid
overly strong claims when interpreting fixed effects (Angrist and Pischke, 2009).
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bias (i.e. we would have included this variable if access to financial help was randomly assigned
to small and young innovative firms, which as far as we understand is not the case).
As sectoral systems play a fundamental role in firm performance, we control for another
source of confounders by including a predetermined sectoral dummy. Specific regional contexts
are similarly fundamental; therefore, we include regional dummies.
Timing also matters. For instance, we would avoid including R&D and innovation if we
were to consider a longer span of time, as these variables may have been determined in part by
growth. Including such variables could eventually promote reverse causality in the long term.
Finally, working with survey data typically presents limits in terms of how the data
correspond to the true value (e.g. misunderstanding the questions, not having the information
necessary to provide an answer, not having a standardized measure to respond, etc.).
Furthermore, not all questions posed to firms in these surveys are about objective facts (i.e.
subjectivity may be present); making it possible that our coefficients are affected by attenuation
bias. We expect that working across many answers and many firms may minimizes these
potential errors.
We test for complementarities between TCs by introducing interaction terms between
them. We work with three multiplicative terms (which represent potential ways of combining
capabilities in pairs), to encompass potential complementarities. We therefore estimate our
model by including the capabilities’ main effect plus these three interaction terms.
A second specification of our analysis includes firm fixed effects, which allow us to
account for within-firm dependence in the context of longitudinal data. The raw quantiles might

13

largely capture permanent differences between firm growth rates, while quantile fixed effects 36
are assumed to be purely location-shift effects. Within this context, therefore, the target of the
analysis is the conditional mean of the response. We fit the model using Linear Quantile Mixed
Models (LQMM) 37 (Geraci and Bottai, 2014) to control for quantile fixed effects 38.
From an initial population of 3.463 firms, we built a database of 786 of small and young
firms, which are present in the three waves of survey. Average yearly growth rate for these
young and small firms was 24%. In the four sectors growth rates are 33% in Machinery and
Equipment (97 firms), 26% in Chemicals (48 firms), 24% in Food (78 firms), and 15% in
Electronics (55 firms).

3.3. Variables
3.3.1 Dependent Variable
Our dependent variable firm growth and is computed taking differences of logs of growth in total
sales between 2003 and 2008. This growth analysis is applied first to all young and small firms
and then to firms in the selected sectors.
3.3.2 Independent Variables
3.3.2.1 Regressors of interest. To characterize TCs, we build on the classification
proposed by Lall (1992), broadly indicative but not necessarily sequential in time. We
characterize them as reflecting different levels of knowledge related to the preparation,
execution, and external organization of future projects 39 that can potentially foster growth. We

36

Unfortunately, because we do not have a large time dimension we cannot relax parallel trends by allowing for
firm-specific trends. However, we use this method as a specification check on our baseline specification.
37
The fixed effects can be interpreted as a weighted average approximation of the population quantiles they target.
LQMM considers a block bootstrap to assess the uncertainty in conditional quantile estimates.
38
The number of quadrature nodes was set to 9, while the estimation control parameters include 10,000 iterations.
Bootstrapped standard errors based on 50 replications are calculated throughout.
39
Firms perform activities that allows them to build capabilities. We develop a simple summary measure of
technological capabilities by ranking the technical functions performed by firms. The approach is to highlight the
various technical functions performed by firms and to award a score for each activity based on the assessed level of

14

compute TCs indexes by first giving a score to each activity based on a firm’s level of
competence in that activity40 (for more on this see Molina and Pietrobelli, 2012). Summing these
scores gives an overall score for each type of technological capability. For better comparison
between enterprises, we divide the original grading by the maximum grade. These new variables
then range from 0 to 1. We build three types of TCs:
(TC1) Project capabilities (capabilities in project design and preparation) relate to the
importance of projects and technical procedures necessary to implement product or process
innovations. They refer to projects, preliminary activities, and other technical preparatory
activities for innovations in processes and in products and include changes in quality controls at
preliminary stages. Following the survey’s methodology, each technical activity is graded in four
levels (high, medium, low, and not relevant) to represent the importance given to these activities.
(TC2) Execution capabilities (capabilities in project execution and investment) refers to
technical functions related to training for developing innovation (four levels: high, medium, low,
and not relevant); the implementation of quality certification (two levels: yes or no); and the
acquisition of new equipment (four levels: high, medium, low, and not relevant). These
capabilities should facilitate growth, in the following way:
-

Training employees creates technological and absorptive capabilities (e.g. better trained
employees are more able to incorporate know-how, to manipulate new equipment and
machinery, to identify the need of more technology from external sources, etc.);

competence in that activity. An overall capability score for a firm is obtained by taking an average of the scores for
the different technical functions (Gonsen, 1998; Romijn 1997; Wignaraja, 2002 and 2008; Molina and Pietrobelli,
2012. See more on this in the next Section.
40
We work with categorical variables except for R&D expenditures. Firms provide a score for each activity based on
their evaluation of their level of competence in that activity.
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-

Quality certification relates to the accomplishment of the production process in a
standardized way (with formal systems for quality control based on final inspection);

-

Purchasing new equipment reflects the incorporation of new technologies embodied in
physical equipment.
(TC3) Linkages capabilities (learning from external sources) considers the importance of

technology transfers and know-how for fostering innovation (four levels: high, medium, low, and
not relevant). It includes transfers of technology through licenses, patents, etc. (again at four
levels) and external sources of information such as clients, suppliers, competitors, universities,
etc., considered important for the innovative process (also at four levels). It aims to reflect firms’
continuous need for, and efforts toward, generating adequate linkages to absorb knowledge from
external sources.
3.3.2.2 Controls. Sectors is a set of dummy variables controlling for sectoral differences
(CNAe) 41, included when examining all industrial sectors together and omitted when we check
for inter-sector differences. The four sectors examined in the paper are machinery and equipment
(CNAe 28 and 29), food processing (CNAe 15, excluding 15.9), chemicals (CNAe 24, excluding
24.5), and electronics (CNAe 30 and 32, excluding 32.1). These sectors provide a picture of the
manufacturing industry and represent a different spectrum of knowledge bases, structures, and
dynamics (see for example the discussion in Malerba (2004), Malerba and Mani (2009), and
Pavitt (1984)). In the Pavitt (1984) classification, these sectors belong to scale intensive
(machinery and equipment), traditional (food-processing), science-based (chemicals), and a
combination of science-based and specialized supplier (electronics).

41

For more information on Brazilian classification of industries according to CNAe codes see
http://www.ibge.gov.br/home/estatistica/economia/classificacoes/cnae_subclasses

16

Innovation is the output of innovative activities. 42 It is a binary variable that takes value
one if firms introduce at least one new product to the Brazilian market during a three-year period
(including the year of the survey) or if firms introduce or improve one new process, one new
product, or both; it is zero otherwise. We believe that introducing innovations will not have an
instantaneous effect on growth (i.e. reverse causality should not be present at this stage).
R&D expenditures reflects the decision to perform in-house formal R&D activities and/or
contract it externally. We explicitly exclude them from the TCs. Pintec define them as basic and
applied research and include those systematic tasks aiming to increase knowledge and to use
knowledge for new or improved products and processes. As with innovation, we do not expect
R&D expenditures to have an immediate effect on our regressors of interest (which would have
made this variable a bad control).
Regions 43 reflects the five country regions into which the survey divides responding
firms: North, Northeast, South, Southeast and Central-West. We include dummies to control for
predetermined differences created by contextual regional conditions.
Domestic represents the domestic nature of a young and small firm’s capital. It is a
dummy variable, which takes the value one if a firm’s capital is completely Brazilian; it is zero
otherwise.
Age, size, and year are predetermined features that could help us to solve for selection
bias.
3.3.2.3 Interaction terms. We allow for three dimensions of complementarity using the
following interaction terms:

43

While the focus on regional systems (Suzigan et al. 2007, Pires et al. 2013 and Cravos et al., 2015) is not one of
the main objectives of the present analysis, our findings confirm its relevance. This opens interesting questions for
future research, as discussed in the Conclusions.
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TC1–TC2. The firm remains rather closed to use external knowledge, opting instead to
design and execute projects internally. This could be the case when external knowledge is not
available or when firms are not able to tap into and/or use it.
TC2–TC3. The firm avoids internally designing projects and focuses instead on executing
and connecting, also using external sources of knowledge. This would be plausible in cases
where firms need to produce immediate positive results.
TC1–TC3. The firm focuses on project and relies on external knowledge. This seems a
reasonable option for a young and small firm.
A brief summary of the independent variables common to both rounds of analysis (entire
population and sector-specific) is presented in Appendix A (available upon request .

4. Empirical Results
Our empirical model is:
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺ℎ𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + 𝛽𝛽1 𝑋𝑋𝑖𝑖 + 𝛽𝛽2 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 + 𝛽𝛽3 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑡𝑡

(III),

which includes the variables described in Section 3.3 and heteroskedastic robust standard errors.
We use conditional quantiles to measure the spread of the growth rate distribution changes from
2003 to 2008 conditional on covariates, and quantify the sampling uncertainty in estimates of
these approximations using the sampling weight as defined above.
The first column of Table 2 shows the role of each technological capability (TC) in our
basic specification (OLS point estimations). None of our regressors of interest are significant.
Columns 3, 5, 7, 9, and 11 of Table 2 present the results of quantiles regressions, showing the
differential effect of the TCs’ covariate on various quantiles in the conditional distribution. Most
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of the coefficients on TC3 are significant across quantiles (i.e. excluding the estimates for the
10th quantile) 44.
Even columns of Table 2 include the results for our specification with interaction terms
for the analysis of complementarity among TCs. For instance, we can be interested in the effect
of ∆Growth/∆TC1 = β1 + β2TC3 (where β1 is the coefficient for TC1 and β2 is the coefficient
for the interaction term TC1–TC3). Considering firms in the 25th quantile, the coefficient on TC1
is negative but it supposedly measures the effect when TC3 = 0 which does not seem relevant in
this case 45.
Instead, by plugging in interesting values of TC1–TC3 we obtain the partial effect. At
the mean TC3 (0.68) the effect of TC1 on growth is –1.976 + 3.014 * 0.68 = 0.074 (around 40%
standard deviation of TC1–TC3), indicating that a TC1–TC3 complementarity has a positive
effect on firm growth. This seems plausible given the systemic nature of technological
knowledge and the importance of combining design capability with the right absorptive capacity
necessary to interact with other firms and to establish appropriate links with external actors. The
effect of complementarities between TC1 and TC3 differs at different points of the distribution
of firm growth, conditional on observables: at an average level of TC3, TC1 has a positive effect
on growth, and the estimates on TC1–TC3 increase sharply in the upper quantile.
In Table 2 the quantile regression results provide evidence of the heterogeneous effects of
TCs on firm growth, but they do not pin down whether a given firm growth is systematically
44

We observe that quantile coefficients differ across quantiles: the TC1 effect seems negative at the lowest
conditional quantiles and positive and significant for the higher quantiles, while the opposite happens for TC2. It
therefore seems that TCs are more relevant in the central quantiles (e.g. the coefficients related to capabilities are
statistically significant there, while this is not the case for the extreme quantiles 10th and 90th). However, this is
probably due to sampling variation, as we observe higher standard errors at the extreme quantiles than at the middle
ones.
45
We provide more details about the statistical significance of TCs and interaction terms in Appendix D (available
upon request). For instance, the p-value for the F-test of the joint hypothesis (i.e. no firm in the sample exhibits TC3
= 0), Ho: TC1=0, TC1–3=0, is 0.035 (significant at the 3.5% level), allowing us to reject Ho.
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higher or lower over time. To provide evidence on the effects of TCs on the growth of the same
firm, in Table 3 we present firm fixed-effects estimates.
It becomes apparent that a TC1–TC3 complementarity has stronger effect on firm
growth, after controlling for firm fixed effects 46. This suggests that firms are heterogeneous:
some firms have systematically higher growth with a change in TCs while others have
systematically lower growth. This is indicative of the idiosyncratic nature of firms, especially in
the bottom quantile of the distribution of growth. As expected, whether a firm grows is positively
related to exerting complementarity TC1–TC3: this means keeping projects internal and
outsourcing technology transfers and know-how (except in the top quantile).
It is also interesting to examine the complementarities between TC1 and TC2. We
observe significant but negative coefficients on the interaction term TC1–TC2 (in particular for
the 75th quantile47 in the regressions without fixed effects (Table 2), and across all the quantiles
with fixed effects (Table 3). However, computing partial effects at the mean TC1 for the 25th
quantile in Table 2, the effect of TC2 on growth is positive and equal: 1.155 + (-0.986) * 0.45 =
0.711 48. However the partial effect at the mean TC2 (within the 25th quantile) is negative: –1.976
+ (–0.986) * 0.35 = –2.32. Therefore, only at specific levels are TC1 and TC2 complementary
for growth. An explanation for this could be that the burden of investing in projects can only be
superseded if strong execution capabilities are developed within the firm. This effect is stronger
after controlling for firm fixed effects and for firms in the bottom quantile of growth.
46

Considering firms in the 25th quantile, at the mean TC1 the effect of TC3 on growth is –1.67 + 3.443 * 0.68 =
0.671.
47
Testing the joint significance of both coefficients TC1 and the interaction TC1–2 for the median and 75th quantile
regressions, we are able to reject the null hypothesis that they are significant at the 5% and 1% significant level,
respectively (p-values of 0.0210 and 0.000).
48
From Table 3 computing partial effects at the mean TC1 for the 25th quantile, the effect of TC2 on growth is
positive and lower (0.133) and the partial effect at the mean TC2 is negative and higher (-1.784), when controlling
for firm fixed effects.
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These findings indicate that, all else equal, project capabilities (namely investing in
preliminary activities and other technical preparatory activities) reinforce other capabilities and
foster growth, but at different strengths for firms in different quantiles of the distribution. The
complementarity between TC1–TC2 (project and execution) does not always seem significant in
this context. This may suggest that these TCs can sometimes act more as substitutes than
complements (i.e. once a firm acquires its own internal TCs it no longer seeks them from
external sources).
Concerning the sectoral analysis, the differential effects of the TCs covariate on the full
distribution are significant (with alternate signs) in some quantiles and in some sectors. We
observe higher standard errors at the extreme quantiles than at the middle ones 49, probably due to
sampling variation, as Tables 5 through 8 provides results for the four selected sectors using firm
fixed effects. Sector results without fixed effects are listed in the Appendix B, Tables 4B–7B
(available upon request).
For machinery and equipment (Table 4 and Table 4B), we find evidence that TC1 and
TC3 are statistically significant and negative in the bottom quantiles, and that TC2 is significant
and positive across the quantiles (Table 4). Similar to the results for the whole sample, in this
case we cannot simply assume that TC2 is positively and significantly related to growth (e.g. the
75th quantile in Table 4B in Appendix B and across all the quantiles when controlling for firm
fixed effects in Table 4).

49

Results for the basic specification for the four selected sectors (OLS and quantile regressions) are available upon
request.
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If we evaluate complementarities between TC2–TC3 (75th quantile), the partial effect at
the mean TC2 (e.g. within the 75th quantile) is negative and statistically significant 50. This means
that external learning capabilities (TC3) and execution capabilities (TC2) act as substitutes for
small and young firms in the machinery and equipment sector. Proceeding in a similar fashion
we find complementarities between TC1 and TC3. The partial effect at the mean TC3 (e.g.
within the 75th quantile) is positive and statistically significant 51. The effect of complementarities
between TC1 and TC3 after controlling for firm fixed effects is still positive, but lower (1.78).
This highlights that, conditional on observables, firms in this sector do not grow if they
only design and execute projects internally (at least at an early stage). TC1 fosters growth if it is
coupled with external links and knowledge. This suggests that if firms in the machinery and
equipment sector want to grow, they need to interact with external sources of knowledge (e.g.
cooperate with networks of clients, suppliers, and other strategic partners), an insight that is
consistent with the observations of several case studies. 52
In the food sector (Table 5 and Table 5B), our first specification without fixed effects
(Table 5B) shows that TCs are only significant for the 25th quantile, with no significant
coefficients for the OLS and the rest of the quantiles. Considering complementarities between
TC2–TC3 (25th quantile), the partial effect at the mean TC2 is statistically significant 53.

50

The p-value for the F-test of the joint hypothesis, Ho: TC2=0, TC2–3=0, is almost zero): –1.927 – 27.17 * 0.356 =
–11.60 and becomes higher when controlling for fixed effects (–9.75).
51
The p-value for the F-test of the joint hypothesis, Ho: TC1=0, TC1–3=0, is almost zero): –15.698 – 27.697 *
0.663 = 2.665 they are highly significant and positive.
52
Analyses done for Brazil support this result. For example, Kaminski et al. (2008) highlight the importance of the
involvement of clients and suppliers in long-term, solid relationships with small- and medium-sized firms in São
Paolo. Interactions with clients and suppliers generate innovative solutions and strengthen the productive chain in
which the firm is inserted.
53
The p-value for the F-test of the joint hypothesis, Ho: TC2=0, TC2–3=0, is almost zero) and positive: 6.487 –
1.731 * 0.668 = 7.643.
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This is not the case for TC1–TC3: evaluating at the mean TC1 and TC3 we obtained
significant and negative values (–1.344 and –0.568 respectively), suggesting that projects (TC1)
and linkages (TC3) could be substitute capabilities for firms in the food sector.
Given these results, we could conclude that, conditional on observables, firms in this
sector do not grow if they concentrate on developing projects internally, but they do grow if they
combine execution capabilities (TC2) with appropriate linkages to external knowledge (TC3).
Nevertheless, after controlling for firm fixed effects, none of our regressors of interest are
statistically significant and TCs do not appear to be a driver for growth. 54 The literature on
Brazil’s food sector shows that firms looking to boost innovative and complementary assets need
to identify the most useful technology strategy and evaluate their own technological possibilities
and constraints. 55 Our findings implicitly indicate that, in this sector, firms at an early stage of
their life have problems and difficulties in developing the appropriate strategies and assets.
As far as the chemical sector is concerned (Table 6 and Table 6B), our results suggest
that TCs may spur growth in most quantiles 56. Results become lower when controlling for firm
fixed effects (3.398), and this could be due to attenuation bias. Given the level of technological
sophistication and high competition in this sector, as confirmed in the literature 57, firms need
external knowledge for complementing project seems appropriate. Also project and execution to
benefit from complementarities. Indeed the partial effect of TC1–TC2 evaluated at the mean of

54

A caveat is that, although fixed effects control for a certain type of omitted variable, they may be subject to
attenuation bias (e.g. due to measurement error) or may have lost ‘good variation’ while removing the bad variation
(Angrist and Pischke, 2009).
55
See the empirical evidence in Cabral and Traill (2001).
56
For instance, in our first specification (Table 6B) the partial effect of TC1–TC3 at the mean TC1 (e.g. within the
25th quantile) is positive (¬–2.522 + 12.396 * 0.518 = 4.179) and statistically significant (the p-value for the F-test
of the joint hypothesis, Ho: TC1=0, TC1–3=0, is almost zero).
57
For Brazil, one can think of the case of the successful implementation of ethanol, which can be partially attributed
to innovation in the sector (de Freitas and Kaneko, 2012).
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TC1 remains significant (e.g., for the 75th quantile) and positive (11.542), and smaller with fixed
effects (4.05).
Within the electronics sector (see Table 7B), the results of our first specifications are statistically
significant in terms of TCs 58. Our regressors of interest lose significance after controlling for
firm fixed effects (Table 7); that is, after controlling for the unobserved individual effects of each
firm in the electronics sector, TCs do not appear to be a driver for growth. Once again, we
confirm the importance of allowing for between-firm differences, because ignoring them could
convey misleading results due to confounders. Empirical analysis on this sector in Brazil
suggests that, in order to be competitive, firms should focus on a series of dimensions such as
cost reduction and the introduction of better products, which may not necessarily be related to
TCs in the early stages of firm’s life. 59

5. Conclusions
This paper has examined the role of TCs for small young firm growth. Based on
theoretical arguments from prior studies (technological capabilities, dynamic capabilities,
resource-based view), we provided empirical evidence that TCs and their complementarities
foster the growth of small young firms in Brazil.
This entailed extending previous empirical research that looked at age, size, or
innovativeness, as drivers for small and young firm growth. Our empirical contribution was
twofold: (a) we investigated the role of TCs as drivers of growth for firms, which are both, small
and young (b) we focused on this type of firms within an emerging country such as Brazil.
58

In terms of partial effects, the magnitude of TC1–TC3 at the mean TC1 (e.g. within the 75th quantile) is positive
(–2.36 + 10.787 * 0.7 = 5.191) and statistically significant (the p-value for the F-test of the joint hypothesis, Ho:
TC1=0, TC1–3=0, is almost zero).
59
Ariffin and Figueiredo (2007) provide empirical evidence on these aspects for electronics firms in Manaus.
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We found that project design, technical preparatory activities, and quality controls at
early stages (what we called project capabilities, or TC1) are fundamental for growth when they
are not undertaken in isolation. Instead, project capabilities need to be complemented with
training, quality certification and the acquisition of new machinery (what we called execution
capabilities, or TC2) or with appropriate transfers of technology through licenses and patents and
interactions with clients, suppliers, universities, etc. (what we called linkages capabilities, or
TC3).
For our econometric analysis, we run OLS and quantiles regressions. Most of the OLS
results were statistically insignificant. Instead, differences emerged when analyzing quantile
distributions. In addition, we found complementarities between the three types of TCs (project
capabilities, execution capabilities, and linkages capabilities). We obtained statistically
significant results when evaluating the partial effect of each capability on growth at the mean
value of another capability.
The key assumption at this stage was that the most important omitted variable bias is
firm-invariant; that is, our estimates of the impact of TCs on growth are conditional on covariates
such as innovation, R&D, being domestic, etc. Our second specification included firm fixed
effects, allowing us to control for unobserved, idiosyncratic characteristics across firms (i.e.
fixed differences between firms). Including fixed effects, results became stronger for the sample
that included all sectors.
We also found that in some cases TCs behave more as substitutes than complements. We
attempted to pin down the idiosyncratic nature of these relationships (with the corresponding
caveats) by capturing all unobserved firm constant factors that affect growth. After making the
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pertinent caveats about the results obtained using fixed effects, our findings uncovered that firm
heterogeneity matters for growth.
We have considered, and analyzed first a whole sample of young and small Brazilian
firms and then firms in four sectors: machinery and equipment, food processing, chemicals, and
electronics. Our other notable finding is that the role of technological capabilities varies across
industries.
For instance, and execution and linkages capabilities behave as substitutes or are
irrelevant at different quantiles of the growth distribution within the machinery and equipment
sector. This empirical evidence is intuitive and confirmed in case studies. Less obvious was the
result that the complementarity between project and linkages capabilities has a negative effect on
growth for firms in the food sector (at least at an early stage in the life cycle this seems not a
winning strategy for growth). Within the chemical sector, firms behave in a manner consistent
with our analysis for all firms. We found that firms within the electronics sector were similar to
the machinery and equipment sector: complementarities between project and linkages
capabilities helped growth.
Our results provided empirical confirmation to pioneering contributions, which look at
capabilities as drivers of growth. We found that TCs matter for small young Brazilian’s growth.
Future research could aim focusing on whether these capabilities change over the course of the
life of a young firm and are still effective for growth.
Given we found evidence that linkages with external actors are relevant for growth,
another fruitful avenue for research would be to incorporate information about whether specific
local networks and institutions and policies setting can facilitate small young firm growth.
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The above discussion also implicitly points to the limitations of the present study. This is
a pioneering study, particularly for an emerging economy. In addition to addressing our earlier
caveats and remarks about studies that use longitudinal data on firms, future research needs to
expand the number of firms examined in each sector and ideally to consider a longer span of
time.
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TABLE 1. Descriptive Statistics of Sales and Growth by Firm Size (Entire Population)
Number of employees

Total

10 to 29

30 to 49

50 to 99

100 to 249

250 to 499

> 500

2003 Number of firms

20.598

11.916

3.051

2.413

1.656

650

912

Sales 2003

953.705,43

39.174,35

28.472,80

54.914,20

105.090,68

107.263,84

618.789,56

2005 Number of firms

21.905

12.037

2.664

2.837

2.300

981

1.086

Sales 2005

1.217.445,46

52.276,66

33.537,11

62.568,27

117197,80

124.559,54

827.306,07

2008 Number of firms

33.034

20.093

4.576

3995

2.288

880

1.202

Sales 2008

1.896.136,04

75.253,63

53.112,36

97.101,95

171.460,57

183.308,55

1.315.898,97

% 2003-2005 Sales Growth

27.65%

33.45%

17.79%

13.94%

11.52%

16.12%

33.70%

% 2005-2008 Sales Growth

55.75%

43.95%

58.37%

55.19%

46.30%

47.17%

59.06%

% 2003-2008 Sales Growth

98.82%

92.10%

86.54%

76.82%

63.15%

70.90%

112.66%

Notes: All sales are expressed in R$ (1000) and deflated with the appropriate Consumption Price Index (Índice
Nacional de Preços ao Consumidor Amplo, IPCA - IBGE), base 2003.
Source: Authors’ elaboration based on Pintec (Pesquisa de Inovação Tecnólogica) 2003, 2005, and 2008 IBGE
website.

TABLE 2. OLS and QR (10%, 25%, 50%, 75%, and 90% quantiles) - S&Y - All Sectors

Project Capab.
Execution Capab.
Ext.Learn. Capab.
Project_Execut
Execut_Ext Learn.
Project_Ext Learn.

(1)

(2)

(3)

OLS

OLS

0.10 Q 0.10 Q 0.25 Q 0.25 Q

(4)

0.50 Q 0.50 Q

0.75 Q 0.75 Q

0.90 Q 0.90 Q

0.172 -1.661

-0.569 -1.572

-0.220 -1.976**

-0.220* -0.978*

0.180

1.298** -0.423

-0.289 -1.267

-0.304 -1.417

-0.195 -0.297

-0.126

-0.271 -1.120

-0.542

-2.146

0.070 1.223

0.163

0.233

0.202* 0.588

-0.107 1.221

-0.280

3.726

-0.255 -1.471

-0.268 -1.645

-0.111

-0.238 -1.301

-0.476

-2.492

-0.275

-2.118*

-0.504

-1.097

-2.500

(5)

(6)

(7)

1.155

-0.172 -0.919

(8)

-0.572
-0.664

(9)

(10)
-0.732

(12)

-0.339 -1.851*** -0.550 -1.200* -0.119 -1.099*** -0.173

-0.749*** 0.287

-0.268 -0.648

-0.283 -0.725

-0.181 -0.147

-0.292

-0.252 -0.573

---

-2.1*

---

2.018

---

-0.986*** ---

-0.783*

---

-3.125*** ---

-5.847**

---

-1.295

---

-1.448

---

-0.809

---

-0.584

---

-1.145

---

-2.194

---

-0.700

---

2.225

---

-0.761

---

-0.312

---

-0.345

---

-2.368

---

-1.672

---

-1.870

---

-1.045

---

-0.754

---

-1.479

---

-2.832

---

4.08**

---

0.190

---

3.014**

---

1.727*** ---

3.394**

---

6.288*

---

-1.912

---

-2.138

---

-1.194

---

-0.862

-1.690

---

-3.237

-0.118

---

-0.941*

(11)

Source: Authors’ elaboration based on Pintec 2000, 2003, 2005, and 2008.
Notes: * Significant at 10%, ** significant at 5%, *** significant at 1%. Observations: 786. All regressions control
for Innovation, R&D, Domestic, Age, Size, Regions, Sectors and Years. Number of observations: 768.
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TABLE 3. Fixed Effects - OLS and QR (10%, 25%, 50%, 75%, and 90% quantiles) - S&Y - All Sectors
(1)

(2)

(3)

OLS

(4)

(5)

(6)

0.10 Q

0.25 Q 0.50 Q

0.75 Q 0.90 Q

-1.279 -0.564

-1.524 -1.076

-1.365

(0.768) (0.994)

(0.827) (0.79)

(1.009) (1.596)

Execution Capab.

1.844

0.884

0.544

Ext.Learn. Capab.

-1.877**-2.144** -1.67** -1.103** -1.801**-1.984**

Project Capab.

0.451

(1.021) (1.314)

1.233

(0.98) (0.993)

(0.415) (0.688)

(0.502) (0.397)

-0.519
1.073

(1.061) (1.379)
(0.49)

(0.674)

-3.038**-2.219* -1.668* -1.912** -1.583* -3.233*

Project_Execut
Execut_Ext Learn.
Project_Ext Learn.

(0.852) (0.867)

(0.592) (0.684)

(0.962) (1.186)

-0.788 0.560

-0.373 -0.379

-0.250

(1.171) (1.424)

(1.068) (1.061)

(1.068) (1.442)

3.951***2.955*

3.443**2.644*

3.647** 3.82*

(1.151) (1.474)

(1.260) (1.221)

(1.324) (1.973)

-0.165

Source: Authors’ elaboration based on Pintec 2000, 2003, 2005, and 2008.
Notes: * Significant at 10%, ** significant at 5%, *** significant at 1%. All regressions control for Innovation,
R&D, Domestic, Age, Size, Regions, Sectors and Years. Number of observations: 768.

TABLE 4.: Fixed Effects - OLS and QR (10%, 25%, 50%, 75% and 90% quantiles) S&Y - Machinery
and Equipment Sector

Project Capab.
Execution Capab.
Ext.Learn. Capab.
Project_Execut
Execut_Ext Learn.
Project_Ext Learn.

(1)

(2)

(3)

(4)

(5)

(6)

OLS

0.10 Q

0.25 Q

0.50 Q

0.75 Q

0.90 Q

-3.419

-16.116*** -12.968*** -13.975*** -14.542*** -16.018***

(2.960)

(2.795)

(2.639)

(2.813)

(2.879)

(3.018)

5.266

19.016***

17.387***

16.486***

17.862***

15.885***

(2.416)

(3.891)

(3.775)

(3.807)

(3.923)

(4.101)

-0.659

-3.371**

-3.555**

-2.563*

-2.390

-2.468

(1.672)

(1.462)

(1.392)

(1.382)

(1.601)

(2.046)

-0.637

-6.412***

-5.970**

-4.917***

-4.576**

1.122

(2.118)

(2.115)

(2.289)

(2.231)

(2.235)

(2.603)

-8.251**

-21.287***

-21.917**

-21.998***

-20.66***

-19.076***

(1.614)

(4.653)

(4.4648)

(4.624)

(4.653)

(4.628)

7.231

22.903***

23.469***

24.646

24.615***

23.974***

(4.634)

(4.649)

(4.305)

(4.454)

(4.248)

(4.391)

Source: Authors’ elaboration based on Pintec 2000, 2003, 2005, and 2008.
Notes: * Significant at 10%, ** significant at 5%, *** significant at 1%. All regressions control for Innovation,
R&D, Domestic, Age, Size, Regions, Sectors and Years. Number of observations: 97.
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TABLE 5. Fixed Effects - OLS and QR (10%, 25%, 50%, 75% and 90% quantiles) S&Y - Food Sector

Project Capab
Execution Capab
Ext.Learning Capab
Project_Execut
Execut_Ext Learn
Project_Ext Learn

(1)

(2)

(3)

(4)

(5)

(6)

OLS

0.10 Q

0.25 Q

0.50 Q

0.75 Q

0.90 Q

-3.787

0.613

-0.326

0.215

0.622

-0.034

(2.441)

(2.907)

(2.759)

(2.939)

(2.977)

(3.509)

4.732

2.852

3.417

2.313

3.478

4.982

(3.677)

(2.22)

(2.264)

(2.305)

(2.581)

(2.717)

0.073

-0.687

-0.629

-0.751

-0.877

-0.269

(0.946)

(1.28)

(1.178)

(1.296)

(1.392)

(2.112)

1.241

-5.097

-3.018

-3.878

-5.833*

-1.098

(2.067)

(3.117)

(2.999)

(3.050)

(2.932)

(3.348)

-4.773

-0.383

-1.597

0.151

0.166

-1.724

(2.752)

(2.539)

(2.549)

(2.586)

(2.815)

(2.997)

1.395

-0.115

1.393

1.420

2.218

1.153

(1.780)

(4.282)

(4.213)

(4.094)

(4.085)

(4.818)

Source: Author’s elaboration based on Pintec (Pesquisa de Inovação Tecnólogica) 2000, 2003, 2005 and 2008.
Notes: * Significant at 10%, ** significant at 5%, *** significant at 1%. All regressions control for Innovation,
R&D, Domestic, Age, Size, Regions, Sectors and Years. Number of observations: 78.

TABLE 6. Fixed Effects - OLS and QR (10%, 25%, 50%, 75%, and 90% quantiles) S&Y - Chemicals
Sector

Project Capab
Execution Capab
Ext.Learning Capab
Project_Execut
Execut_Ext Learn
Project_Ext Learn

(1)

(2)

(3)

(4)

(5)

(6)

OLS

0.10 Q

0.25 Q

0.50 Q

0.75 Q

0.90 Q

-0.043

-0.713

-1.649

-1.645

-1.233

-0.950

(1.3667)

(2.830)

(2.785)

(2.873)

(2.975)

(3.116)

2.346

6.870

8.224

7.813

7.571

8.264

(7.636)

(5.068)

(5.006)

(5.004)

(4.942)

(5.642)

-1.559

-1.347

-0.883

-1.403

-1.713

-1.150

(2.408)

(1.503)

(1.522)

(1.627)

(1.498)

(1.785)

-5.061

-6.863

-6.963

-6.952*

-6.797*

-7.599

(2.213)

(3.877)

(3.863)

(3.777)

(3.603)

(4.713)

-1.702

-7.960

-8.180*

-7.731

-7.770

-7.758

(8.064)

(5.894)

(5.896)

(5.882)

(5.946)

(6.103)

4.862*

8.054**

8.265**

7.767*

7.395*

6.531

(1.2)

(3.980)

(3.971)

(3.994)

(3.989)

(4.415)

Source: Author’s elaboration based on Pintec (Pesquisa de Inovação Tecnólogica) 2000, 2003, 2005 and 2008.
Notes: * Significant at 10%, ** significant at 5%, *** significant at 1%. All regressions control for Innovation,
R&D, Domestic, Age, Size, Regions, Sectors and Years. Number of observations: 48.
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TABLE 7. Fixed Effects - OLS and QR (10%, 25%, 50%, 75%, and 90% quantiles) S&Y- Electronics
Sector

Project Capab
Execution Capab
Ext.Learning Capab
Project_Execut
Execut_Ext Learn
Project_Ext Learn

(1)

(2)

(3)

(4)

(5)

(6)

OLS

0.10 Q

0.25 Q

0.50 Q

0.75 Q

0.90 Q

0.799

-1.031

-1.296

-1.811

-4.082

-2.437

(9.300)

(3.896)

(3.689)

(3.467)

(3.272)

(3.693)

4.449

3.817

3.405

2.572

4.278

1.977

(0.502)

(4.037)

(4.073)

(4.279)

(4.170)

(4.468)

2.058

-2.885

-2.977

-2.115

-2.261

-2.296

(6.963)

(3.209)

(2.927)

(2.819)

(2.685)

(2.770)

-1.091

-3.417

-4.338

-3.793

-2.968

0.358

(2.587)

(3.893)

(3.677)

(3.420)

(3.545)

(3.819)

-1.013

0.048

-1.086

-1.304

-3.686

-2.790

(3.217)

(5.259)

(5.210)

(5.129)

(4.779)

(5.401)

-1.759

3.007

4.678

4.671

7.514

4.101

(12.767)

(5.376)

(5.119)

(5.086)

(4.773)

(5.727)

Source: Author’s elaboration based on Pintec (Pesquisa de Inovação Tecnólogica) 2000, 2003, 2005 and 2008.
Notes: * Significant at 10%, ** significant at 5%, *** significant at 1%. All regressions control for Innovation,
R&D, Domestic, Age, Size, Regions, Sectors and Years. Number of observations: 55.
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