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1. Introduction

Traditionally, innovation studies at the firm level follow two perspec-
tives: innovation as the result of R&D investments and as the conse-
quence of different innovation capabilities. However, although there
is important research in each of these perspectives, studies that expli-
citly link them are scarce (see for example, Reichert et al., 2016; Ra-
siah et al., 2016; Chamsuk et al., 2017). The present paper goes exactly
in the direction of better understanding the relation between R&D
investment and innovation capabilities.

In the first perspective, investments in R&D are a traditional indicator
of innovation, both at the firm and macroeconomic levels. Different
authors (e.g., Mansfield, 1980; Griliches, 1986; Gonzalez & Gascon,
2004) have provided evidence pointing at the positive effects of R&D
investment over the increase of productivity and innovation. Firm’s
R&D intensities are usually measured based on the percentage of reve-
nue invested in these activities (OECD, 2003; Legler & Friestch, 2007).

Regarding the second perspective, the debate on how firms can build
innovation capabilities goes back to the 1970’%. In a broad sense, as
stated by Richardson (1972), capabilities represent the firm’s accumu-
lation of knowledge, experience and skills, which will be responsible
for the acquisition of competitive advantages. Later, Lall (1992), Bell
and Pavitt (1993) trying to understand how product and process in-
novation emerge, proposed models for the technological capabilities
of the firm. Recently, the concept of ‘innovation capabilities’ has been
enlarged, it now goes beyond technological issues and considering
organizational skills as important assets to build capabilities (Teece et
al,, 1997; Dosi, 2000). Recent innovation capabilities models (Guan &
Ma, 2003; Yam et al., 2011; Zawislak et al., 2012) seek to explain how
different types of capabilities can be arranged to generate innovation.

Despite the development of those two perspectives, some issues can
be raised, for example: How can one connect R&D investments
with innovation capabilities? What are the different arrangements of
capabilities for different levels of R&D investment? Can a firm that
invests little in R&D be innovative?

To answer these questions, the present study correlates Legler and
Friestch’s (2007) R&D intensity classification with Zawislak et al’s
(2012) innovation capabilities model. The paper uses a pre-existent
database with a sample of 1,331 firms from different manufacturing
sectors in Brazil to make a multiple linear regression. Three different
optimal capability arrangements, one for each level of investment in
R&D, were obtained.

The use of Brazilian firms is justified by the country’s industrial cha-
racteristics. At the same time, Brazilian industry holds a wide reper-
toire of sectors, such as food, metallurgy, machinery and equipment,
chemistry, etc. (Reichert et al., 2015), and presents a great diversity of
levels of R&D investment between the companies (Furtado & Carval-
ho, 2005). This research is expected to help companies on formulating
innovation strategies according to their R&D investment levels, as
well as supporting the formulation of specific and appropriate public
policy to foster innovation in firms at different levels of R&D inves-
tment.

After this introduction, the paper is structured in six more sections:
section 2 presents a brief literature review on R&D investments. Sec-
tion 3 addresses the concepts of innovation capabilities, presenting
the capabilities model deployed. Section 4 explains the method, the
multiple linear regression, and why it was chosen. Sections 5 and 6
bring the results and discussions, respectively. Finally, Section 7 pre-
sents the concluding remarks.
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2. R&D Investments

Innovation studies have been mostly focused on the technological
nature of the phenomenon. They usually try to understand how firms
develop new products and processes. In this scenario, the amount of
investment in R&D activities is the most used indicator, and by far the
longest standing (Smith, 2005). One of the first studies that seek to
understand how technological innovation occurs was conducted by
Utterback and Abernathy (1975). It shows how firms go from inno-
vating in products to innovating in processes, as their technological
base matures. Later, Pavitt (1984) identified that firms with higher
levels of R&D investment tend to innovate in products, while those
with lower levels, tend to concentrate their activities in process inno-
vation. While in-process innovation seeks to reduce production costs
(Freeman & Perez, 1988), it is expected that high R&D investments
lead firms to develop and introduce new products on the market
(Freeman & Soete, 1997). Since product innovation is much easier
to notice than process innovation, firms that invest little in R&D are
usually classified as less innovative.

The percentage of revenue invested in R&D, or ‘R&D investment, is
often used to define the technological intensity of a given sector or
firm (Godin, 2008). The Organization for Economic Cooperation and
Development (OECD) (2003) developed a classification to categori-
ze manufacturing sectors into four technological intensity levels. The
parameter is the average percentage of revenue invested in R&D by
firms belonging to each different sector. The levels are: Low technolo-
gical intensity — up to 1% of the revenue invested in R&D; Medium-
low technological intensity — more than 1% and up to 2.5% of the re-
venue invested in R&D; Medium-high technological intensity — more
than 2.5% and up to 7% of the revenue invested in R&D; and High
technological intensity — above 7% of the revenue invested in R&D.

Based on OECD’s classification, Legler and Frietsch (2007) have built
a similar, but simpler, classification. It divides the levels in three di-
fferent technological intensities: low — less than 2.5% of the revenue
invested in R&D; medium - from 2.5% to 7% of the revenue invested
in R&D; and high technological intensity — more than 7% of the reve-
nue invested in R&D.

The OECD’s (2003) classification was used to identify innovation ca-
pabilities arrangements in firms of low technology industries by Rei-
chert et al. (2016), and to analyze the innovation behavior of high
technology and medium high technology industries by Villamizar et
al,, (2017). On the other hand, Legler and Frietsch’s (2007) classifica-
tion, for example, was applied by Kirner et al. (2009) to interpret the
innovation behavior of firms that invest little in R&D.

The use of R&D investments as proxy for innovation has been, howe-
ver, controversial. One of the problems with the industry-based clas-
sification is that it has been proposed and elaborated for the reality
of developed countries — about 90% of the 35 OECD countries are
developed (CIA, 2017). According to Furtado & Carvalho (2005),
in developing countries, such as Brazil, it is common to find firms
that would be classified as high technological due to their sector,
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however, by concentrating on operational plants, doing very little or
no development at all, and with much of the technology coming from
abroad they end up behaving as low-technological (Reichert & Zawis-
lak, 2014). Those firms tend to follow headquarters’ directives and
focus their attention on improving production process, consequently,
as aforementioned, they tend to hold lower levels of investment in
R&D. The pharmaceutical industry in Brazil (Malerba & Mani, 2009)
and India (Chittoor et al., 2008), as the electronics industry in China
(Chittoor et al., 2008), are examples of this kind of phenomenon. Mo-
reover, at the same time, some firms, belonging to low technological
industries, such as food, rubber and metalworking, present higher le-
vels of investment in R&D (Furtado & Carvalho, 2005).

The approach to innovation as a sole result of R&D investments has
also been criticized because it minimizes the innovativeness of the firm.
As a result, firms with low levels of investment in R&D end up being
understood as non-innovators, which is not necessarily true. This ap-
proach does not perceive, due to the model’s limitation, that innova-
tion is more than traditional technology development in products and
processes. Innovation also happens in organizational and marketing
domains (Hirsch-Kreinsen, 2015, Reichert et al., 2016). The innovation
capabilities approach, in turn, has a broader scope, analyzing the inno-
vation phenomenon from a more complete perspective.

3. Innovation Capabilities

To be “capable” means to reach something that was intended, thus,
the firm’s capabilities fill the gap between the planned intention and
the result achieved (Dosi, 2000). The term capability was firstly de-
fined by Richardson (1972) as a set of experiences and knowledges
accumulated over time by the firm. Later, Nelson and Winter (1982)
stated that capabilities are connected to firms’ ability to adapt its rou-
tines and skills according to the market and technological changes.
Since those changes are unstoppable, capabilities must be dynamic
to adapt the firm to those changes and allow for its survival (Teece et
al., 1997). The result of this adaption process is innovation. Therefore,
the most developed the dynamic capabilities are, the most innovative
the firm will be and, as a consequence, the better will be its economic
performance (Figueiredo, 2014).

From a Schumpeter’ (1934) perspective, innovation capabilities
should be understood by both a technological and a business driver.
The technological driver encompasses innovation that arises from
new products or new processes, in which the technological capabi-
lity of Lall (1992) and Bell and Pavit (1993) stands out. The business
driver deals with the importance of organizational change, the deve-
lopment of new strategies, and the adaptation to changing markets
(Prahalad and Hamel, 1990). Teece et al., (1997) have a similar ap-
proach and highlights that the creation of value by a firm would not
only be dependent on its technological assets, but also on organiza-
tional ones. Though, capabilities cannot be only built through inves-
tments in technology (Dosi, 2000). As a matter of fact, to transform
any technology into an actual business, the company needs to create
management routines and skills as well as to perceive and act upon
market demands.
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Different models of innovation capabilities follow the two drivers’ ap-
proach as, for instance, Guan and Ma (2003) and Yam et al., (2011).
In the same path, Zawislak et al., (2012) suggested an objective and
synthetic model. Each of the capabilities in the model represents a
form of innovation, divided into the two drivers. The technological
driver includes development (new products) and operations (new
processes) capabilities while the business driver, management (new
forms of organization) and transaction capabilities (new forms of
marketing). Innovation performance thus depends on both drivers
and on the different arrangements of capabilities. The innovation ca-
pabilities model is illustrated in Figure 1.

Figure 1 - Innovation Capabilities Model
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Source: Zawislak et al., (2012, 2013)

Development capability corresponds to the firm’s routines and abili-
ties to analyze the state of the art as well as to absorb, to adapt and to
transform new technologies into new products (Bell & Pavitt, 1993).
The goal is to reach higher or new levels of technical and economic
efficiency (Zawislak et al., 2012). Dutrénit (2000) states that this ca-
pability is related to the use that the firm has of its knowledge. It is the
result of the learning processes by which the firm internalizes new
knowledge to make technological change and, consequently, to deve-
lop new products (Lall, 1992).

Operations capability is related to the firm’s routines and skills in or-
ganizing, planning, scheduling, preparing, executing and controlling
its production (Reichert et al., 2015). According to Zawislak et al.,
(2012), since the development capability is responsible for creating
new products, the operations capability is responsible for manufactu-
ring them on a commercial scale. This capability is determined by the
firm’s knowledge of its production process. It results in new processes
and new forms of manufacturing organization, aiming at generating
competitive advantage generation through costs reductions, time
to market decrease, and the improvement of product quality and of
operationss flexibility (Hayes & Pisano, 1994; Reichert et al., 2011).

Management capability is concerned with routines and skills for the
best allocation of technological, material, financial and human resou-
rces (Lazonick, 1992). Unlike development and operations capabi-
lities, it is not determined by applied knowledge (technology), but
rather by a broader set of organizational skills (Langlois, 2003). It re-
sults in the implementation and use of new business models and new
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management tools, focusing on the efficiency of supporting processes
to the firm’s main activities (Barnard, 1966; Chandler, 1977; Teece et
al., 1997; Zawislak et al., 2012, 2013).

Finally, transaction capability corresponds to ability and routines to
minimize the transaction costs and deal with the marketing activities.
For Zawislak et al., (2012), once a technological solution has been
developed, produced and managed, the firm must turn its efforts to
its commercialization. This capability is characterized by research
and relationship with the market, search of suppliers and customers,
brand development, service and negotiation, product sales, logistics
process (supplies and distribution) and after-sales (Reichert et al.,
2015). Its results are perceived through new forms of commercializa-
tion, new sales channels, new market niches, new brands, new servi-
ces (Hirsch-Kreinsen, 2008), or new suppliers and supply processes,
with lower costs than current ones (Zawislak et al., 2012, 2013).

After explaining the capabilities model, it remains to be known how
those capabilities can be arranged to generate innovation in firms
with different levels of investment in R&D. For that, the next session
presents the research method.

4. Research Method

The present study made use of a database from NITEC (Innovation
Research Centre), a research group linked to UFRGS (Federal Uni-
versity of Rio Grande do Sul). The database is the result of a survey
conducted in 2014, which aimed to analyze the innovativeness of Bra-
zilian manufacturing firms. The survey resulted in 1,331 valid ques-
tionnaires. The questions asked are presented in a five-point Likert
scale, where 1 corresponds to totally disagree, and 5 to strongly agree.
Questions were divided into four blocks of firms” capabilities (7 items
related to development capability, 9 to operations capability, 7 to ma-
nagement capability, and 6 to transaction capability) and a block of
innovation performance (3 items), totaling 32 items. In addition to
these items, there are general questions about the company, in which
the percentage of revenue invested in R&D is asked.

In order to meet the paper’s objectives, the following statistical te-
chniques were used: mean, standard deviation, factorial analysis and
multiple regression. We used Microsoft Excel 2013 and SPSS (Statis-
cal Package for Social Sciences) version 18.

Firstly, sample’s firms were grouped according to their respective
R&D investment level. The present research used Legler and Frietsch’s
approach (2007) at the firm level due it better compatibility with the
sample characteristics — there are large differences between the per-
centages of revenue invested in R&D among firms that belong to the
same industry, which would distort the data at the sector level. Accor-
ding to Kirner et al. (2009) the main problem with a sectoral analyzes
is that it does not take into account differences at the firm level. In
order to clean the database, non-respondents (59 in total) and firms
reporting R&D investments above three standard deviations of the
mean were eliminated. The mean R&D investment level of the who-
le sample is 4.05%, and the standard deviation is 6.50%. Firms that
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responded to invest 23.5% or more of their revenue in R&D were

eliminated (14 in total). Such high values are considered unrealis-

tic because, for example, the company that invests the most in R&D
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Table 1 - Dataset

worldwide puts 17% of its revenue in those activities (Casey & Hac-
ket, 2014). The final sample consisted of 1,258 firms, corresponding
to 94.5% of the total. Table 1 illustrates.

R&D investment level Rate of the revenue invested on R&D Companies Rate of Total of companies

Low From 0.00% to 2.50% 676 50.79%
Medium Higher than 2.50% to 7.00% 366 27.50%
High Above 7.00% 216 16.23 %
Number of Companies considered in the Analysis 1.258 94.52%

No answer - 59 4.43%
Outliers > 3 SD away from sample’s average 14 1.05%

Total number of excluded 73 5.48%

Total number of companies 1.331 100%

Factor analysis was used to scrutinize the sample. This technique de-
fines factors (constructs), and it also determines which items of each
factor will or will not be included in the analysis according to their
relative relevance to that particular factor (Green & Salkin, 2014). As
factors are composed by sets of items, factor analyzes can be unders-
tood as a simplifying data technique (Hair et al., 2009). The type of
factor analysis used was the PCA (Principal Component Analysis),
with orthogonal rotation Varimax, which, according to Hair et al,,
(2009), facilitates the results’ interpretation.

The 32 surveys items should generate different factors: one for each
innovation capability, plus one for innovation performance. However,
the first round of PCA presented six different factors. In this analysis,
nine items had factorial loads lower than .5, which are considered
unsatisfactory (Hair et al., 2009), and those nine items were excluded.
The remaining 23 items were used in a second PCA analysis in which
all factor loads where higher than .5 and that obtained the five factors
predicted by the theory. Table 2 illustrates the survey items that were
considered in the final analysis.

Table 2 - Remaining items and factors

Capability Question Description
D1 Design its own products
D2 Monitors the latest technological trends in the sector
D3 Adapts the technology in use to its own needs

Development
D5 Prototypes its own products
D6 Uses formal project management methods (Stage-Gate, PMBOK, innovational funnel, etc.)
D7 Launches its own products
05 Carries out the productive process as programmed
06 Establishes a productive routine that does not generate rework

Operations o7 Delivers the product promptly
08 Manages to expand the installed capacity whenever necessary
09 Manages to ensure the process does not lead to products being returned
M1 Formally defines its strategic objectives annually
M2 Includes social and environmental responsibilities on its strategic agenda

Management M5 Updates its management tools and techniques
M6 Maintains the personnel adequately trained for the company functions
M7 Uses modern financial management practices
T3 Imposes its negotiating terms on its suppliers
T4 Imposes its prices on the market

Transaction
T5 Imposes its negotiating terms on customers
T6 Uses formal criteria to select its suppliers
IP1 The net profit has grown continuously over the last 3 years

Innovation Performance 1P2 The company ‘s market share has continuously grown over the last 3 years

1P3 The company s revenue has continuously grown over the last 3 years
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The KMO (Kayser-Meyer-Olkin) test was applied to check the effi-
ciency of the factor analysis: the result of .893 indicates that the PCA
that was applied produced internally different and reliable factors
(Kaiser, 1974; Field, 2009). In addition, the Barlett test results was be-
llow .001, also indicating the adequacy of the factor analysis (Hair et
al,, 2009). The total variation explained by the four factors related to
innovation capability is 61.3%.

After the PCA, the multiple regression analysis was conducted. This
analysis is indicated when the aim is to find the relationship between
one dependent variable and more than one independent variables
(Hair et al., 2009). In the present study, each of the four innovation
capabilities represents an independent variable, while innovation per-
formance is the dependent one. The objective is to find a equation
whose coefficients (3’s) demonstrate the importance of each capabili-
ty to performance, in a similar fashion to what was proposed by Alves
etal, (2017) in Equation 1.

IP = Bo + BDC + 3,0C + B3:MC + B4TC Equation I

The innovation performance (IP) is a function of 30, a constant that
represents the minimum legal, technological and economic require-
ments for the existence of any firm in a given sector, plus the B of each
capability (DC for development, OC for operations, MC for manage-
ment and TC for transaction). The 3 of the capabilities determine the
importance of each one for the innovation performance, thus defi-
ning the capabilities arrangement necessary for the firm’s competiti-
veness. An equation was identified for each level of R&D investment
- low, medium and high, as the next session presents.

5. Results

For each level of investment in R&D, a table with the non-standard
coeflicients (B and the standard error) is presented, as the coefficient
($3), and the value of the test t — determining the significance of the
capabilities. Values above 0.001 were considered non-significant
(Hair et al., 2009). When talking about the coefficients, the higher are
their values, the greater is the importance of capability for the innova-
tion performance. At the same time, for each of the equations, a value
of R? was also obtained. This value indicates how much the result of
the dependent variable is explained by the independent variables. Ac-
cording to Hair et al., (2009), the higher the R?, the higher the level
of explanation of the independent variables over the dependent one.

With respect to R* values that were found, it should be pointed out
that the innovation capabilities model only analyzes the firm, and
considers that all external factors (for example, the influence of the
legal environment, sector specificities, and more general macroeco-
nomics issues) impact on firms” innovation performance at the same
time, in a more or less similar way. Thus, it is suggested that the en-
vironment corresponds approximately to three-quarters of factors
influencing firms, while the remaining 25% of factors stay under the
control of organizations. Because of that, the R* values were expected
to be under the limit of .25.
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Innovation capabilities arrangement for firms with low
investment in R&D

For low R&D investment firms, the R is .232, representing a high le-
vel of explanation by the applied capabilities model. Analyzing the co-
efficients and the significance from each of the capabilities, the most
relevant ones for innovation are: management (.232), transaction
(.222) and development (.165) respectively. The operations capability
is considered not significant for this group.

Table 3 - Results for firms with low investment in R&D.

Standard Coefficients
Capability B T Sig.
Error ®)

Constant -.079 .041 -1.951  .052
Development  .165 .045 .165 3.692  .000
Operations .019 .045 .019 423 672
Management ~ .246 .045 232 5.473  .000
Transaction 220 .040 222 5.550  .000

n=676

Therefore, for companies that do not invest, or invest a very small
part of their revenue in R&D activities, innovation can be achieved
through new management models that reduce administrative costs
and create organizational efficiency. In these cases, innovation also
can be obtained by new forms of transaction with the market, such as
new ways of product selling, or new logistics and distribution tech-
niques, which provide lower transactional costs, as the reach of new
clients and new suppliers.

Likewise, these firms should focus their innovation efforts on pro-
duct development activities, although they are not as necessary. New
product development activities should involve the absorption of te-
chnologies from their suppliers, especially from machinery and raw
materials ones, which will allow them to increase the quality of their
products (Hirsch-Kreinsen, 2008, 2015). Thus, the innovation strate-
gy of low R&D firms must be focused, firstly, on the cost reduction
of managerial and transactional process. On a secondary level, these
firms must establish routines and skills for improve products quality
(Reichert et al., 2016). Equation 2 illustrates the capabilities arrange-
ment that brings innovation for this group of firms (considering only
the significant capabilities).

IP =-0.079 + 0,232*MC + 0,222*TC + 0,165*DC + e  Equation 2

Innovation capabilities arrangement for firms with medi-
um investment in R&D

In this level of investment, the R” is .194, still with a high explanation
level. The coefficients, associated with the significance of the cons-
tructs, indicates the relevance of the development capability (.300)
and of the management one (.188). Operations and transaction capa-
bilities were not significant.
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The higher importance of the development capability is easy to ob-
serve, as well as the smaller relevance of the management capabili-
ty when compared to low R&D investment firms. Thus, for medium
R&D investment firms, innovation comes mainly from the develop-
ment of new products, supported by new managerial models.

Table 4 - Results for firms with medium investment in R&D

. Standard Coefficients .
Capability Sig.
Error )
Constant 120 .044 2.698 .007
Development 274 .054 .300 5.108 .000
Operations .009 .053 .010 .170 .865
Management ~ .178 .052 .188 3.385 .001
Transaction .077 .055 .078 1.404 161
n =366

The innovation strategy in this group is based on the adaption of
technological novelties, that emerge from firms with higher inves-
tments levels in R&D - those companies do not just simply copy new
products, they do try to improve upon previously existent products,
a feature that demands more elaborated technological routines and
skills (Freeman & Soete, 1997). As their new products do not allow a
temporary market monopoly, these firms also need to innovate in the
management techniques to reduce administrative costs, and improve
profit margins. Equation 3 summarizes the arrangement required for
medium R&D investment firms (presenting only significant innova-
tion capabilities).

IP = 0,120 + 0,300*CD + 0,188*CG + e Equation 3

Innovation capabilities arrangement for firms with high
investment in R&D

The R? for high R&D firms is .177, maintaining the elevated expla-
nation power of the capabilities model. For this group, the only sig-
nificant capability is the development one, presenting a coeflicient at
.316. The other three capabilities: management, transaction and ope-
rations, are not significant.

The development capability importance increased when compared to
the medium R&D firms. Since innovation can only be reached by the
development capability, these firms should focus all their innovation
efforts on the development of new products. The elevated amounts of
capital invested in R&D activities involves severe risks, and because
of it, these firms must generate radical innovations, with brand new
products.

Finally, Table 5 shows the results for firms with high investments in
R&D.
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Table 5 - Results for firms with high investment in R&D

. Standard  Coefficients .
Capability B T Sig.
Error ™)

Constant 0,075 0,067 1,120 0,264
Development 0,352 0,086 0,316 4,081 0,000
Operations 0,078 0,070 0,083 1,114 0,266
Management 0,078 0,068 0,087 1,158 0,248
Transaction 0,027 0,070 0,026 0,380 0,704

n=216

Commonly this kind of innovation fills demand gaps, establishing
new patterns of productivity and consumption in the market (Fre-
eman & Perez, 1988). With that, the firms could obtain Schumpete-
rian profits for determined period, compensating the risks involved
on their R&D activities. The results demonstrate the overwhelming
importance of routines and skills for transform new technologies in
new products, overlapping the transactional, managerial and opera-
tional ones, in such way that they even do not even matter for innova-
tion performance, in this group. Equation 4 illustrates the capabilities
arrangement for the high R&D firms (considering only the significant
ones).

IP=0,075+ 0,316 DC + e  Equation 4
6. Discussion

Figure 1 summarizes the results and presents the capabilities arran-
gements obtained for each of the three levels of R&D investment, de-
monstrated by the coeflicients obtained for capabilities on each R&D
investment level.

Figure 2 - R&D Investment Levels versus Innovation Capabilities Arrangements
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The first aspect observed is the operations capability irrelevance on all
levels of investment in R&D. Alves et al., (2017) have already demons-
trated, in a study carried out with the same database and with the in-
novation capabilities model, that the operations capability is not able to
generate competitive advantages and differentiation between firms. It is
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thus considered an ‘ordinary capability’, that is not really able to gene-
rate innovation in this context. The operations capability is, of course,
relevant for the firm existence, but does not have a significant influence
on the innovation performance. Nevertheless, this capability is the most
prominent in the sample’s firms (Reichert et al., 2015). It is understood
that this phenomenon occurs because innovation efforts related to ope-
rations capability are standardized among the sample: all firms use si-
milar equipment, and all of them apply very similar techniques for the
process organization, planning, scheduling setup, execution and con-
trol. Thus, when a capability cannot generate differentiation between
peers, it hardly provides innovation (Nelson & Winter, 1982).

Secondly, as R&D investments increase, there is a gradual lost of re-
levance of business driver innovation capabilities (management and
transaction). At the same time, development capability becomes
more important. That is, as companies invest in R&D activities, they
increase their routines and skills to monitor, absorb, adapt and trans-
form technologies in new products, giving less relevance to those ca-
pabilities attached to organizational innovation.
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Somehow, it is as if the business driver capabilities end up compen-
sating the little elaborated development capability, which is a conse-
quence of the low levels of revenue invested in R&D. This corrobo-
rates to the thesis of organizational innovation importance for firms
that do not invest, or invest low values in R&D (Christensen, 1994,
Kirner et al., 2009, Hirsch-Kreinsen, 2015, Reichert et al., 2016).

Furthermore, for firms with low R&D investment the only ordinary
capability, i.e. the only one which was irrelevant for the innovation
performance, was the operations one. For firms with medium inves-
tment levels, the transaction capability also became irrelevant (be-
yond operations capability), and finally, for high investors, all others
became ordinary, except for the development capability.

Regarding the average of firm’s capabilities by level of investment in
R&D (See Table 6), it can be observed that capabilities naturally in-
crease in accordance with the increase of R&D investment levels. Ta-
ble 6 illustrates this situation, analyzing survey items averages related
to the capabilities.

Table 6 — Average of firms capabilities by level of investment in R&D

R&D Investment Level

Capabilities Averages®

Development Operations Management Transaction
Low 3,46 3,95 3,72 3,38
Medium 3,72 3,93 3,99 3,61
High 4,15 4,19 4,10 3,84

* Capability are presented in a five-point Likert scale (1: totally disagree and 5: strongly agree)

The data shows that, the more elaborated and standardized the firm s
capabilities become (when compared to their competitors), the less
able they are to have some impact on innovation performance (IP).
In those cases, having very high levels of all other capabilities (except
for the development one) becomes irrelevant when it comes to diffe-
rentiate the firms from its competitors in the market. That replicates
the phenomenon observed by Alves et al., (2017) over the operations
capability. Although this idea finds support in the data, more research
on this topic is needed, adding specificities and comprehensiveness.
If results are corroborated than it would be safe to state categorically
that this phenomenon is something repetitive and constant.

7. Concluding Remarks

This article has identified innovation capabilities arrangements for
firms at different levels of R&D investment. The different arrange-
ments signalize which forms of innovation can differentiate compa-
nies in their respective markets, and thus achieve a satisfactory eco-
nomic performance. The levels of investment in R&D were defined
using the Legler and Frietsch (2007) model, which establishes three
levels — low, medium and high. To identify the capabilities arrange-
ments, the multiple linear regression method was applied, based on
Zawislak et al., (2012) four firm s innovation capabilities model - de-
velopment, operations, management and transaction.
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The results demonstrated that, at each level of investment in R&D, any
firm demands a specific capabilities’ arrangement for reach innova-
tion. Firms with low R&D investment level should innovate through
management, transaction and development capabilities. They must
focus their innovation efforts on reducing managerial and transac-
tional processes costs, as well as seeking for absorb new technologies
from their suppliers, aiming to improve the quality of their products.

Meanwhile, firms with medium R&D investment levels must innovate
through development and management capabilities. This kind of firm
doesn 't innovate through the transaction capability (minimize transac-
tion cost and marketing activities), but rather from the improvement
of products developed. This strategy does not allow them to obtain
Schumpeterian extraordinary profits, so the optimization of manage-
rial processes is necessary to reduce costs, and increase the margins.

Finally, high R&D investment firms innovate only by development
capability. This level consist on firms that must be highly focused on
the elaboration of new products, establishing radical innovations, as
well new standards of productivity and consumption in the markets.

Operations capability has not demonstrated relevance for firm’s
innovation performance at any level of R&D investment. It's un-
derstood that since mostly firms in the sample possess standardized
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operational routines and skills, this capability is not able to differentiate
the firm from their competitors, and thus fails to generate innovation.
It’s also observed that as the level of R&D investment increases, the
less relevant become the business driver capabilities (management and
transaction), and more relevant become the development capability.
It is inferred, therefore, that business driver capabilities end up com-
pensating the lack of well elaborated development routines and skills
- likewise, the development capability prominence dispenses the need
of management and transaction capabilities for innovation.

The managerial implications of these results are relevant with regard
to the innovation strategy to be adopted. Firms do not necessarily
need to invest high amounts of capital on R&D activities to innovate.
Even firms that adopt a more conservative stance, not taking risks
with investments in technology, can innovate through new models of
management and of transaction with the market. But if the firm really
wants to develop new products, revolutionize its market, and reap the
gains from it, it needs to invest high R&D values.

Regarding the policy implications, it should be emphasized that govern-
mental actions must take into account the suggestions presented in this
research. In particular, policymakers should be careful while developing
policies to foster expenditures on technological innovation. The paper
shows that not all companies will innovate in the same way, thus a policy
that fosters one specific kind of innovation can be detrimental to the ove-
rall innovation performance (and consequently to financial performan-
ce) of firms. Policymakers should have in mind that the set of companies
under their umbrella is very broad and perhaps R&D investment is not
so relevant to innovation in that particular environment.

Two future researches can be developed based on this paper’s results.
The first would be the conduction of this analysis with data coming from
different parts of the world, either emerging, developed or developing
countries. It would be interesting to understand the distinct capabilities
arrangements for different R&D levels in diverse macro-economic rea-
lities and economic sectors (e.g. agribusiness and services). The second
one relates to a deeper analysis over an important observation: the lost of
capabilities relevance for innovation. The higher the level of investment
in R&D, the more elaborate are the firms’ capabilities, and more capabili-
ties became ordinary — only one capability is ordinary on low R&D level,
but two became ordinary on medium R&D level, and three on high R&D
level. Further research could be carried out in this sense, contributing to
better understanding of the innovation capabilities importance.
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