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ABSTRACT

This paper aims to analyze the empirical relationship between the technological (TI) and
organizational innovations (OI) of innovative Brazilian firms classified as Knowledge-Intensive
Business Services (KIBS), and discusses their different determinants, the role of persistence,
and a possible two-way relationship between these three types of innovation. A sample of
595 firms was empirically analyzed using the Brazilian Innovation Survey (PINTEC) and the
Annual Survey of Services (PAS) from 2009 to 2014. The results reveal a “cross-influence”
between OI and TI: internal OI are induced by prior product TT while the former induce
process TI. Cumulative effects are observed for these three types of innovation, especially
for product TI. The findings also indicate that different innovations are fostered by different
organizational characteristics and innovative efforts, therefore identifying the limited role of
internal R&D efforts.

Keyworps | Knowledge-Intensive Business Services (KIBS); Technological innovations;

Organizational innovations; Innovation Survey; PINTEC
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1. Introduction

The importance of the service sector in terms of both products and the generation
of jobs has grown significantly since the middle of the last century. In 2016, this
sector comprised 73.4% of the added value in the countries comprising the European
Union (Eurostat) and constituted 75.8% of the Gross Domestic Product in Brazil
in 2018 (IBGE).

Despite the involvement of a wide and heterogeneous set of subsectors and
segments, some services are highly innovative, and are characterized by the intense
generation and use of information and knowledge. These sectors are known as
Knowledge-Intensive Business Services (KIBS). Their rise is perceived as a by-product
of modern knowledge economies, in which increasing specialization induces a
need for professional agents in external knowledge markets (CONSOLIL; ELCHE-
HORTELANO, 2010).

These KIBS play unique roles in the innovation system as “problem solvers” for
advanced manufacturing firms and infrastructure services based on information and
communication technologies (ICTs) (CASTELLACCI, 2008). Moreover, KIBS act
as “intermediary firms” that specialize in knowledge screening, business analysis and
professional consulting (CONSOLIL; ELCHE-HORTELANO, 2010). These sectors
also drive the innovative process of their customers (HERTOG; BILDERBEEK,
2000; PINA; TETHER, 2016).

The differentiated role of KIBS in the Innovation System has demanded new
approaches to the conceptualization and analysis of their innovative processes and
impact in the value generation of other sectors (KON, 2004). The new edition of
the Oslo Manual (OECD; EUROSTAT, 2018) and the constant growth in the
number of service firms in the Brazilian Innovation Survey (PINTEC) are examples
of efforts in this direction.

The increased relevance of organizational innovation vis-4-vis technological
innovation is among the peculiarities of the innovative process in KIBS. Several studies
have indicated that innovation strategies of firms are generally better understood
regarding both technological and organizational innovations (BARTOLONI;
BAUSSOLA, 2018; HERVAS-OLIVER ez al., 2017; TAVASSOLIL; KARLSSON,
2015). Organizational innovations can occur alongside, before, or after technological
innovations, and are considered fundamental to supporting firm performance and

growth (NELSON; SAMPAT 2001). Organizational innovations are even more
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important for the service sector and occur independently of technological innovations
in many cases (EVANGELISTA; VEZZANI, 2010).

This article empirically analyzes how technological (TI) and organizational
(OI) innovations occur in Brazilian KIBS, discusses their different determinants,
the role of persistence, and a possible two-way relationship between these two types
of innovation. Here, the concept of persistence is similar to that of cumulativeness
(DOSI, 1988), in which the implementation of a given type of innovation in year
t increases the likelihood that a firm will implement the same type of innovation
in the following 7 + I period. For example, the concept of a two-way relationship
addresses how the implementation of OI can both induce and be induced by a
given TIL. Thus, it seeks to fill the existing gaps in both the literature on KIBS
and the relationship between TT and OI, especially in the context of a developing
country, such as Brazil.

This article includes five more sections beyond this introduction. The next section
discusses the innovative process in KIBS. The third section discusses persistence,
cumulativeness, and the possible two-way relationship between organizational and
technological innovations. The fourth section describes the methodology and database
used and the fifth section discusses the empirical results. The empirical analysis was
performed by crossing-referencing two databases at the firm level — PINTEC and
the Annual Survey of Services (Pesquisa Anual de Servigos — PAS) — for the period
between 2009 and 2014. The last section concludes the work.

2. Innovation process in Knowledge-Intensive Business Services (KIBS)

KIBS have played an increasingly dynamic and central role in the knowledge-based
economy (OECD, 2005). This classification includes both KIBS that use new
technologies focused on technical and administrative knowledge, such as engineering,
architecture, marketing, advertising, and financial and legal consulting, and those
that develop new technologies, such as computer networks, telecommunication
services, and research and development (R&D) (MILES, 2005). These sectors can
be classified as Traditional Professional Services when they are intensive users of
new technologies, whereas they are deemed New-Technology-Based KIBS when
they are based on technology (MULLER; ZENKER, 2001; MILES ez al., 1995).
In general, KIBS have a significant share in added value and employ more
qualified human resources compared to other sectors of the economy (BERNARDES;
KALLUP, 2006; TORRES FREIRE, 2006). KIBS are especially relevant for the
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present study due to their role as a “facilitator” of the innovative process of firms
from other sectors of the economy (HERTOG; BILDERBEEK, 2000). KIBS are
primary sources of knowledge and provide information on intra-firm operations
and the external environment, proposing paths for technological progress, and even
implementing solutions in partnership with their customers. Both the learning
through the relationship with external agents and the facilitation of these interactions
are characteristics of KIBS (BERNARDES; KALLUP, 2006; MILES, 2005).

Hertog and Bilderbeek (2000) explore this aspect further and consider KIBS
as “bridging institutions” in the National Innovation System (NIS). In the authors’
view, KIBS act as “carriers” when transferring innovation from a firm or industry to
the customer, even when they are not generating the innovation itself. KIBS are also
creators and sources of innovation, playing a key role in initiating and developing
user innovation, which typically results from an interactive process. However, the
characteristics of innovative process of KIBS differ from those of manufacturing
sectors, which are more commonly discussed.

One of the most significant differences refers to what should be considered
a product, process, or organizational innovations in KIBS. According to Sundbo
and Gallouj (1998), the definition of organizational innovations in KIBS is not
significantly different from that used in the manufacturing industry. The authors
define organizational innovations as new generalized forms of organization or
management, such as the introduction of total quality control or more independent
teams with greater decision-making power. In turn, technological process innovations
encompass the renewal of procedures required to produce and deliver a service, which
can be divided into two categories: innovations in the production (“back office”) or
delivery processes (“front office”). Finally, product innovations encompass innovations
in a given market (e.g. when ICT firms start offering banking services) or market
innovations, which reference new behavior in the market, such as identifying a new
segment or entering another industry.

Corrocher, Cusmano and Morrison (2009) propose two additional types of
innovation specific to KIBS: interactive and techno-organizational innovation. The
first is characterized by the interaction with customers and other firms. The second
is related to the incorporation of external technology and is based on other sources
of innovation, such as organizational change and investments in human capital.
These and other studies confirm the heterogeneity of innovation strategies in KIBS.

Service firms generally direct their innovative efforts to less formalized activities,

such as marketing, the acquisition of know-how, and other disembodied technologies
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(HIPP; GRUPP, 2005; EVANGELISTA, 2006; SILVA NETO ez al., 2014). We
can infer from Jensen ez al. (2007) that the service sector is better characterized
by the “doing-using-interacting” learning mode, which relies on interaction and
experience-based know-how instead of the production and use of codified scientific
and technological knowledge. Therefore, service innovation enables the “softer”
aspects of innovation based on skills and interorganizational cooperation practices
(TETHER, 2005). However, this does not mean that internal R&D efforts are not
relevant to KIBS. According to Leiponen (2012), the innovative performance of
Finnish services is favored by investments in R&D", training, and external knowledge
acquisition. Furthermore, some KIBS are focused on conducting R&D in other sectors.

In short, KIBS are heterogeneous, idiosyncratic and important actors in a
National Innovation System (NIS), acting as generators, drivers, and diffusers
of innovations (CONSOLI; ELCHE-HORTELANO, 2010; HERTOG;
BILDERBEEK, 2000; PINA; TETHER, 2016). Thus, it is important to advance
the understanding of the peculiarities of their innovative process, especially in a
developing NIS, such as Brazil.

3. Interaction and cumulative effects between organizational and
technological innovation

The combination of organizational and technological innovations is considered
favorable to the firm performance, in terms of both revenue and employment growth
(SAPPRASERT; CLAUSEN, 2012). Moreover, the implementation of organizational
innovations persistently induces the implementation of technological innovations
over time (LE BAS; MOTHE; NGUYEN-THI, 2015).

This persistence references the fact that firms implement the same type of
innovation in different years, which can be a result of cumulative innovation.
That is, the search for innovations in a given moment is directed by innovations
implemented in the past to solve related problems (DOSI, 1988). Cumulativeness
or persistence may occur to a lesser extent in organizational innovations (GANTER;
HECKER, 2013b; TAVASSOLI; KARLSSON, 2015). These two terms — persistence
and cumulativeness — are treated as synonyms in the present study.

In this section, a review is performed on studies that empirically analyze the
relationship between OI and TT using databases following the definitions of the

1 Leiponen (2012) suggests that some previous studies may have failed to find the connection between R&D and service innovation

results because most studies disregarded time lags, which can be particularly important for smaller service firms.
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Oslo Manual (FINEP/OECD, 2005). This restriction is necessary to guarantee a
minimum “comparability” with the PINTEC data used here. Table 1 presents the

definitions of this edition of the Oslo Manual, and Table 2 summarizes the results.

TABLE 1
Definitions of innovation - Oslo Manual (FINEP/OECD, 2005)

Type of Innovation Definition

Implementation of a new organizational methods in the business
Organizational innovation practices, organization of the workplace, or external relations of a
given firm (p. 61).

) Introduction of a new or significantly improved good or service
Product Innovation o . .
regarding its characteristics or intended uses (p. 57).

. Implementation of a new or significantly improved production or
Process Innovation

distribution method (p. 58).

Source: FINEP/OECD (2005). Prepared by the authors.

TABLE 2
Summary of empirical articles on the relationship between Organizational
Innovation (OI) and Technological Innovation (TI)

Relationship No. of .

Ol vs. TI Authors Country firms Period Sector Database
Carboni Europe 13.000  2007-2009 Industry CIS
and Russu
(2018)

Bartoloni Ttaly 3.000 1998-2012 Industry Italian
and Baussola Innovation
(2018) Survey
Tether; Taj Ei 2. 2002 I s 1

Are Interdepen- ether; Tajar urope 500 00 nduftry nnobarometer
(2008) Services

dent or Com-

plementary  py g Spain 12563 20042006  Industry; CIS
Oliver ez al. Services
(2017)
Tavassoli Sweden 574 2002-2012 Industry; CIS
and Karlsson Services
(2015)

(continued)
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(continued)

TABLE 2

Summary of empirical articles on the relationship between Organizational
Innovation (OI) and Technological Innovation (TI)

Relationship No. of .

Ol vs. TI Authors Country firms Period Sector Database
Ol induce Camisén Spain 144 2005 Industry Iberian Balance
product and and Villar- Sheet Analysis
process T1 Lépez System

(2014)
Ganter and Germany 2.933 2005 Industry; CIS
Hecker Services
(2013a2)
Ganter and Germany 984 2002-2008 Industry; CIS
Hecker Services
(2013b)
Ol induce Cozzarin Canada 3.000 2009-2012 Industry Survey of
product TT (2017) Innovation and
Business Strategy
Camisén Spain 144 2005 Industry Iberian Balance
and Villar- Sheet Analysis
Lépez System
(2014)W
Le Bas, Luxembourg 287 2004-2008 Industry; CIS
Mothe Services
and Nguyen-
Thi. (2015)
Ol induce Cozzarin Canada 3.000 2009-2012 Industry Survey of
process T1 (2017) Innovation and
(Negative Business Strategy
relationship)
Ganter and Germany 2.933 2005 Industry; CIS
Hecker Services
(2013a)
Le Bas, Luxembourg 287 2004-2008 Industry; CIS
Mothe Services
and Nguyen-
Thi(2015)
TI induce OI Ganter and Germany 984 2004-2008 Industry; CIS
Hecker Services
(2013b)

Source: Prepared by the authors

(1) This effect is mediated by process innovation.
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In general, a larger number of studies address the induction of TT by
OI than of OI by TI. Moreover, the first group of studies did not address the
relationship between these innovations, and instead only examined the effect of
their complementarity on the firm’s performance in terms of profitability, revenue,
productivity, etc. (CARBONI; RUSSU, 2018; BARTOLONI; BAUSSOLA 2018;
TETHER; TAJAR, 2008; HERVAS-OLIVER ez al., 2017). Such complementarity
references the influence of both OI and TT adoption over this performance without
analyzing how one type of innovation influences the adoption of another.

The studies assessing the relationship between TI and OI revealed divergent
results. Some studies found that OI induce both product and process innovation
(GANTER; HECKER, 2013a; 2013b; CAMISON; VILLAR-LOPEZ, 2014).
Others found that OI can only induce process (LE BAS; MOTHE; NGUYEN-THI,
2015) or product innovation (COZZARIN, 2017), although the latter relationship
can be mediated by the former (CAMISON; VILLAR-LOPEZ, 2014). These OI
can then be influenced by prior technological innovations (GANTER; HECKER,
2013b) or R&D efforts (CARBONI; RUSSU, 2018)

Moreover, Table 2 also reveals that the studies do not limit their analysis to
KIBS and their specificities, nor do they address the context of developing countries.
Differences between national contexts can obstruct the realization of a definitive
conclusion on the relationship between OI and TT (GANTER; HECKER, 2013a).
Only a few studies examining the persistence of these innovations are dedicated to
developing countries, such as that of Suarez (2014), who considers the instability
of the environment as a determinant of the difficulty in analyzing the persistence
of investments and innovations.

Therefore, the present study seeks to make an empirical contribution to
these two gaps in the literature: first, analyze the relationship between OI and TI
exclusively in KIBS; second, analyze this relationship in a developing country, such

as Brazil. The next section presents the database and the methodology used herein.

4. Database, methodology, and variables

The binary logit model was constructed using a database comprising cross-referenced
information at the firm level, which was collected from PINTEC and PAS to analyze
the determinants of the implementation of different innovations (on product, process,
and on internal and external organizational processes). The following subsections
discuss this model, the selected variables, and the general characteristics of the

database used.
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4.1 Econometric model

The use of the binary logit model allows us to determine the probability of
implementing a given innovation, but conditioned on a vector of explanatory
variables with a logistic distribution. According to Wooldridge (2002), this model
can be understood as follows:

y*' =xB+¢e;such that y=1ify*>0 or y=0ify* <0
with y*= an unobservable latent variable (innovative capacity, in this case); x = the
vector of /4 dependent variables; 8 = the vector of & parameters to be estimated; e
€ = the error term, with a logistic distribution, a zero mean, and constant variance.

From this we obtain:

Pr(y = 1/x) = Pr(y* > 0|x) = Pr[(e > —xfB)|x]
= G(xp) = exp(xB)/[1 + exp(xp)]

This model is estimated by maximizing a log-likelihood function to obtain
the estimated parameters such that the probability of observing the “y” values is as
high as possible. Further details are found in Wooldridge (2002).

4.2 Selected variables and expected behaviors

Table 3 shows the variables used. The explanatory variables are lagged within a given
period in relation to the dependent variables to assess a possible “maturation” of the
impact. The explanatory variables are divided into four groups.

The first group — previous innovations — seeks to evaluate how different previous
innovations affect the chances of implementing innovations in the future, thus seeking
to identify the influence exerted by OI on TT and vice versa. As seen before in Table
2, these variables can be complementary and a two-way relationship between them
is possible: although OI affect T1, they are also affected by them. Thus, a positive
effect is expected between OI and TI. However, three points should be noted.

First, the option to use time-lagged explanatory variables can be understood
as a methodological strategy for addressing a possible simultaneity between OI
and TIL. If OI affected and were affected by TI, this endogeneity would have to
be addressed via an instrumental variable (IV) or a two-stage least square (2SLS)
estimation. The decision to use the lagged variable causes the 2011 indicators to
exogenously affect the 2014 indicators.
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Second, unlike the existing studies reviewed in the third section, we decided
to divide organizational innovations into two groups: internal OI (encompassing
innovations in management techniques and work organization) and external OI
(which include innovations in external relations)?. This division is relevant because
recent efforts (see the Oslo Manual 4th Edition (OECD; EUROSTAT, 2018)) have
increasingly incorporated the importance of external arrangements for innovation
in KIBS. For example, Witell ez al. (2017) found that relations with external
partners influence the results of service innovation. These partnerships are a means
of rendering inbound and outbound knowledge viable, which is crucial to the
innovative efforts of KIBS. One example is found in the partnerships between firms
in industrial sectors and KIBS ones, which offer opportunities for downsizing, risk
outsourcing, the creation of services that complement the goods produced, and
knowledge sharing (BUSTINZA, 2019). As seen in the second section, interaction
with customers is prominent in KIBS firms. Therefore, addressing the potential
for KIBS firms to innovate in external relations (external Ol) is important for the
purposes of this article.

Finally, analyzing the effect of persistence or cumulativity is another important
aspect of this first group of variables. This is done by inserting the “lagged” dependent
variable as an explanatory variable. For example, firms’ implementation of internal
OI during the prior period (2009-2011) is among the determinants of that of the
internal OI between 2012 and 2014°. The same is true for other innovations. The
persistence or cumulative effect is expected to emerge in all types of innovations.

The second group of variables assesses the role played by different expenditures on
innovative activities in the generation of technological or organizational innovations.
The time-lagged indicators are measured in relation to the net sales revenue. As
discussed in the second section of this article, in-house R&D efforts may not play
a central role in KIBS (e.g. PINA; TETHER, 2016) vis-a-vis efforts to acquire

2 According to the Oslo Manual 3rd edition (FINEP/OECD, 2005, p. 63), innovations in external relations include the
“implementation of new ways of organizing relations with other firms or public institutions, such as the establishment of new
types of collaborations with research organizations or customers, new methods of integration with suppliers, and the outsourcing

or subcontracting of business activities in production, procuring, distribution, recruiting and ancillary services for the first time.”

3 The hypothesis asserting that the inclusion of the time-lagged dependent variable causes a problem of serial correlation of the
error term, thereby making it endogenous, is not discarded. However, based on the correlation matrix between the variables
and the identification of a low cumulative value of the Brazilian innovative process, the current understanding holds that the
inclusion of this variable does not cause a serious methodological problem that nullifies the result obtained. Furthermore, as
will be shown in the presentation of the results, the comparison between the model without the time-lagged dependent variable
versus the model that includes it reveals little change in the coefficients, which also supports the low effect that a serial correlation

would have, thus justifying the implementation of this lagged variable.
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external knowledge. However, Doloreux, Shearmur and Rodriguez (2018) found
that R&D efforts and the use of external market-related information sources (e.g.
customers and suppliers) positively affect the OI and the TT of KIBS firms, which
indicates some complementarity between in-house R&D efforts and those expended
to acquire external knowledge. Therefore, although R&D may have some effect,
it may be weaker than that of other innovative efforts that are more focused on
external knowledge acquisition, especially in the Brazilian context.

Among these efforts, those related to training are expected to have an important
effect on both types of innovation, given the importance of the tacit knowledge and
the skills of individuals for the products offered by KIBS. Following this reasoning
and in an effort to overcome the “still dominant industrialist and technological
approaches” in the analyses of R&D in terms of services (DJELLAL ez 4l., 2003, p.
415), the number of R&D employees may be more relevant than R&D spending.
This variable is found in the third group, which is focused on organizational
characteristics.

Regarding the organizational characteristics, we assessed whether the firms’
perception (in 2009-2011) of the obstacles to innovate in terms of their general
organization (organizational rigidity and concentration of activities in other firms
within the group) encouraged or discouraged the accomplishment of innovations
in the following period, especially organizational innovations. These variables can
also be considered proxies for the characteristics of a firm’s organizational structure,
which can positively or negatively affect innovation. In a meta-analysis of studies
published between 1960 and 2009, Damanpour and Aravind (2012) found the
negative effects of the formalization and concentration of innovative activity, while
specialization and differentiation yielded a positive effect. In the present study, it
is impossible to say whether such an effect is positive or negative, given the sector
characteristics and also because both the concentration of innovative activities in
other firms of the group and organizational rigidity tend to limit innovative choices
and activities. While the last two aspects can have a positive effect because they
guide the search process of firms and reduce uncertainties, they also reduce a firm’s
flexibility to react to changes in the environment, hampering the implementation
of technological or organizational innovations. Further, an additional element
for OI exists: OI can be implemented to counter organizational rigidity that was

previously observed.
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The fourth group analyzes the effect of financial characteristics on the innovative
process. This is carried out based on the ratio between the financial income and
the sales revenue. Hypothetically, a two-way effect exists: conversely, it can favor
innovation by providing resources to them (self-financing of innovation); on the
other hand, its high importance compared to the sales revenue may be indicative
of increasing “financialization” of the firm, which induces less uncertain and short-
term strategies (MAZZUCATO, 2014), thus discouraging the implementation of
innovations.

Finally, regional (large Brazilian regions) and sectorial control variables and

variables related to the size of the firm and the origin of its controlling capital are

included.
4.3 Database description

The data were obtained by cross-referencing the microdata — i.e. information at
the firm level — from both PINTEC and PAS. PAS collects economic and financial
information from non-financial business services firms in Brazil. All firms with over
20 employees were interviewed, and random sampling was carried out for those below
than that (IBGE, 2013a). PINTEC collects information related to the innovative
activities of firms in Brazil every three years, encapsulating the sectors of industry,
electricity, and gas, and some KIBS. These KIBS are focused on editing, recording,
and music editing; telecommunications; activities related to information technology
services; data processing, web hosting, and other related activities; architectural and
engineering services; technical testing and analysis; and R&D.

In the present study, the database comprises the service firms simultaneously
present in PINTEC 2011 and 2014 who were interviewed by PAS 2009 and 2011*.
This selection resulted in a data from 595 firms.

Table 4 provides a general description of this sample, which primarily comprises
large firms (over 100 employees), linked to R&D activities or ICTs and that have
low organizational and decision-making rigidity, but mainly implement internal OI.
Moreover, most firms were based in the southeastern region and were controlled

by national capitals.

4 'This period selection was compatible with PINTEC 2011 and enabled the definition of indicators used to measure variation
within the three-year period of analysis (2009-2011).
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TABLE 4
Description of the generated database - 2009 to 2014

Variable No. %"

Type of innovation implemented in 2012-2014
TT in Product 222 37.3
TI in Process 236 39.7
Internal OI 391 65.7
External OI 107 18.0

Type of innovation implemented in 2009-2011
TT in Product 232 39.0
TI in Process 246 41.3
Internal OI 415 69.7
External OI 164 27.6

Organizational characteristics
Organizational rigidity (org_rig_tl = 1) 79 133
44 7.4

Concentration of innovative activity in another firm (conc_inn_
activ_tl = 1)
Firm size (in terms of the number of employees)

<= 49 47 7.9
50-99 79 13.3
100-249 218 36.6
250-499 119 20.0
=500 132 222
Sector (CNAE code)
Editing and recording and music editing (58 or 59.2) 97 16.3
Telecommunications (61) 53 8.9
Activities related to information technology services (62) 221 37.1
Activities related to information service provision (63) 39 6.6

Architectural, engineering, and technical testing and analysis

services (71) or Scientific R&D (72) 185 311
Origin of controlling capital
National 496 83.4
International 71 11.9
Mixed 28 4.7
Region

North 8 1.3
Northeast 62 10.4
Sao Paulo 238 40.0
Southeast (except for Sio Paulo) 147 247
Central-West 35 5.9
South 105 17.6
Total number of firms 595

Source: Microdata from PINTEC 2011 and 2014 and PAS 2009 and 2011. Prepared by the authors.
(1) Percentage calculated based on the total number of firms (595).
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5. Presentation and discussion of results

Table 5 presents the results of the Logit models. Positive coefficients indicate the
variable’s positive effect on the firm’s innovative capacity (latent variable for innovation
that is implemented) and, thus, also on the probability that the innovation will be
implemented. Table 5 does not show the probability, but the linear effect on the
latent variable innovative capacity (followed by the standard error in parentheses).

Different estimates were carried out to analyze the robustness of the results.
Initially, different specifications were tested for each of the four types of innovations
analyzed by including or removing “additional” variables related to innovative
efforts and organizational characteristics. Two “additional” innovative efforts were
considered: (a) to acquire embedded knowledge (machines, equipment, or software)
and (b) to introduce and distribute the innovations in the market. The “additional”
organizational characteristics were as follows: the percentage of workers in R&D
(perc_R&D_workf_t1), organizational rigidity as an important obstacle to innovation
(org_rig_t1), and the concentration of innovative activities in another firm within
the group as an important obstacle to innovation (conc_inn_activ_tl). Thus, four
types of models were estimated:

1. “complete” — with additional organizational characteristics and innovative

efforts;

2. without additional innovative efforts but with additional organizational

characteristics;

3. without the additional organizational characteristics and with the additional

efforts;

4. without the organizational characteristics and without the additional

innovative efforts.

The results of these four models were compared for each type of innovation,
and no substantial changes were found in the estimated coefficients between the
models (i.e. there was no change in sign of the significant coefhicients, and those that
were significant at the 5% level remained as such in the estimates). Thus, Model 1
(“complete”) was chosen for all types of innovation.

This analysis of robustness was replicated for the specifications that considered
the lagged dependent variable, 7.e. that considered the possible cumulative effect, in
which the implementation of a given innovation in 2009-2011 may influence the
likelihood that a firm will implement the same innovation in 2012-2014. Based

on this analysis, the “complete” model was again chosen.
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Thus, Table 5 provides two specifications for each type of innovation analyzed: for
the first, cumulativity is not considered and for the second, cumulativity is considered.
Generally, the results do not significantly change between such specifications, except
for the relationship between product innovation and previous process innovation,
which will be explained later. We will now present the theoretical and empirical
implications of significant results at the 10% level of significance (highlighted in gray).

The first group of variables comprises previous innovations. Two general
results are highlighted: (1) the “cross” influence between TT and OI and (2) the
limited effect of cumulativity.

We consider the following regarding the first overall result. First, innovations
in external relations do not affect or are affected by other organizational or
technological innovations. This result may reflect a variable defined in a highly
generic and broad manner’, thus encompassing different types and forms of
partnerships with varying purposes and effects on the firm’s innovative capabilities
(LEE; MIOZZO, 2019).

Second, the prior implementation of product TI favors the implementation
of both process and product TI and internal OI in the next period. However,
this product TI is not significantly favored by other previous organizational or
technological innovations. The implementation of previous internal or external Ol
does not induce product TI in the period 2012-2014, while process TT in 2009-2011
affects the development of product TT in 2012-2014 only in the model without
lagged product innovation.

Conversely, it should be noted that the previous internal OI favor the
implementation of the process T1 in the period that follows, but the opposite is
not true. As stated above, internal OI are only favored by previous product TI.

In short, the influences observed between technological and organizational
innovations are similar to those found by Ganter and Hecker (2013b). Although
product TI favor the implementation of internal OI, internal OI only contribute
to the implementation of process TI. Therefore, it is argued that a “cross-influence”
exists between internal OI and TT in the Brazilian context.

One possible interpretation of this “internal Ol affecting process T1” relationship
is based on the concept of capabilities. Internal OI can contribute to a better
diffusion of intra-firm knowledge, which favors firms’ absorptive and technological
5 PINTEC 2011 defines innovations in external relations as “significant changes in relations with other firms or public and non-

profit institutions, such as the establishment of alliances, partnerships, outsourcing, or subcontracting activities for the first time”

(IBGE, 2013b, p. 217).
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capabilities (COHEN; LEVINTHAL, 1990), thus increasing the likelihood that
they will implement technological innovations, especially process innovations. The
“product TT inducing internal OI” relationship can be explained by the logic of
“complementary assets” (TEECE; PISANO; SHUEN, 1997) since product innovation
could require new internal organizational processes (e.g. those related to learning
and sharing knowledge) such that its potential is truly exploited.

The second overall result regarding previous innovations relates to the limited
effect of cumulativity, i.e. the effect of past innovation on the same type of innovation
in the future. Only product innovations were significantly affected by the same
innovation in the past period, as found by Ganter and Hecker (2013b) and Tavassoli
and Karlsson (2015). While external OI are not affected by their past innovations,
internal OI and process TT are only affected at the 10% significance level and to a
lesser extent than that of previous product TI. This is aligned with the findings of
Le Bas, Mothe and Nguyen-Thi (2015).

It is likely that this greater cumulativeness in product TT is owing to the fact
that the products in the analyzed KIBS are more customizable; as such, product
innovations can be marginal but occur frequently over time, or a new product
that is launched today can result in several new “by-products” derived from it in
the future. This new product could act as a “standard platform” for future product
innovations.

Regarding innovative efforts, some results also differ based on the type
of innovation. The first is the effect of efforts to acquire embedded knowledge
(machines, equipment, or software), which positively affect the implementation
of internal OI. However, in contrast to the findings of Maké er al. (2011), we
found that these same efforts negatively affect the development of external OI. The
first result can be explained by the need for organizational changes to absorb and
use the acquired embedded knowledge. The second result can thus be explained
by the fact that the acquisition of this embedded knowledge can cause a firm to
become dependent on only one supplier or customer, thus forcing it to maintain
the already existing relationship and therefore not promoting external OI. In
addition, despite their access to external knowledge, firms may also have been
unable to develop themselves, and were therefore not seeking and benefiting from

new partnerships.
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The efforts to introduce and distribute innovations in the market, possibly
associated to a learning by doing, negatively affect the likelihood that a firm will
implement innovations in external relations and production processes. The first
result suggests that such efforts cause a firm to be less dependent on new types of
external relations to test and launch its product on the market. In contrast, the
second implies that distribution efforts reduce a firm’s ability to implement new
production processes. However, according to a study by the European Commission
(2000, p. 13), knowledge and innovations can be generated by a process of “learning
without formal research,” such as learning by doing. Thus, the negative effect of
learning by doing on process TI needs further clarification.

Finally, R&D efforts affect product innovations, but only in specific situations.
Efforts to acquire external R&D negatively affect the likelihood that a firm will
implement product innovation (even at the 10% significance level), while efforts
to realize internal R&D do not affect product innovation. However, product
innovations depend on the percentage of workers employed in R&D activities®.

Other organizational characteristics can contribute to this result. KIBS firms
that implement product innovations are more rigid in terms of organization and
more dependent on the skills of individuals in R&D than on other organizational
processes (emphasizing that no previous organizational innovation has affected
product innovations). This rigidity also helps firms implement process TI. Our
findings differ from those of Damanpour and Aravind (2012), who found that
more organic, flexible organizational structures positively affect innovation.
Therefore, these results reflect the importance of the skills of the labor force in
implementing product innovations and the relevance of a greater guidance that
results from a high level of organizational rigidity, thus reducing the uncertainty
in this innovative process.

Regarding the effect of other organizational characteristics, firms with
innovative activities concentrated on other firms within the group are less likely
to implement external OI. This concentration reduces the firm’s autonomy for
cooperative arrangements because its technological strategy becomes dependent
of decisions made by another firm. (CHEN, 1997).

In short, internal R&D spending is less relevant for the innovation of KIBS firms
(LEIPONEN, 2012), as other innovative efforts and organizational characteristics

yield a larger contribution.

6 Itis noteworthy that the correlation between R&D efforts and the share of the R&D workforce was only 0.166.
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Finally, firms belonging to the Telecommunications Sector (“1.ict”) are more
likely to implement product innovation than those in other sectors. Firms belonging
to the Information Technology Services or Information Services Provision sectors

(“2.ict”) are more likely to implement internal OI, product T1, or process T1I.
6. Conclusion

This article aimed to empirically analyze the relationship between technological and
organizational innovations in Brazilian KIBS firms and discussed their different
determinants, the role of persistence, and a possible two-way relationship between
these two types of innovations. These services are important innovators, inducers,
and diffusers of innovation within a NIS. However, the discussion regarding its
peculiarities in the context of a developing NIS, such as that of Brazil, is still
incipient. The results revealed that different innovations have different determinants
and relationships in Brazilian KIBS.

First, product innovation depends less on organizational innovation and more
on previous product innovations, on the skills of individuals in R&D (rather than
spending), and on a more rigid organizational structure that drives the generation of
new products more strictly. This first result confirms the previous hypothesis that the
skills of individuals in R&D may be more important than spending for KIBS, given
the importance of the individual abilities in these sectors. Process innovation is not
explained by innovative efforts (except for the negative effect of efforts linked to the
introduction and distribution of innovations in the market), but by organizational
aspects, such as organizational rigidity and internal OI.

Ol are affected by innovative efforts aimed at acquiring embedded knowledge
(machines, equipment, and software): internal OI are positively affected and
external OI are negatively affected. Although the acquisition of such knowledge
generally favors TT in industry, it favors the generation of internal OI in KIBS.
These internal OI are also favored by the internal OI in the previous period and
previous product innovations. External Ol are unique in that they are not explained
by previous innovations, and are negatively affected by efforts to introduce and
distribute innovations and the concentration of innovative activities in other firms
within the group.

In summary, a “cross-influence” between OI and TT was identified in Brazilian

KIBS: while product TT affect internal OI, internal OI only influence process TT.
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To improve these results, it is necessary to expand the time and sectoral horizons
used in this analysis and also incorporate the new methodological recommendations
provided in the latest edition of the Oslo Manual (OECD; EUROSTAT, 2018).

Therefore, this study contributes to the literature by filling gaps related to the
specificities of the KIBS innovative process and the two-way relationship between
organizational and technological innovations in the context of a developing country,
such as Brazil. Furthermore, more studies should be conducted to deepen the
theoretical explanations for the cross-influence between TT and OI and the influence
of the specific characteristics of Brazilian KIBS and NIS revealed by these results.

However, this study has limitations, which indicate opportunities for future
research. Further studies can examine the relationships among the innovations and
their lags through the Instrumental Variables, Two-Stage Models, or methods that are
more robust to possible endogeneity between these variables. Moreover, multinomial
probit models can be used to assess the possible contemporary correlation between
different OI and TI. Furthermore, the PINTEC sample tends to be biased towards
firms with a prior high innovative potential. This bias tends to be more evident in
the present study, which considered only firms that are concomitantly present in
two PINTECs Surveys (2011 and 2014).
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