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Abstract

Purpose — The objectives of this study are to identify which inputs are most relevant for development and
successful introduction of product and process innovations and identify the impacts of these two types of
innovation on the performance of Brazilian manufacturing companies.

Design/methodology/approach — This study analyzes the relationships between input, output and
outcome for a sample of 5,586 Brazilian manufacturing companies by using partial least squares structural
equation modeling (PLS-SEM).

Findings — The results indicate that (1) product innovations are favored by internal resources, (2) process
innovations are favored by external resources, (3) product innovations mainly affect a range of products offered by
companies and (4) process innovations mainly affect performance in manufacturing capacity, flexibility and costs.
Practical implications — By identifying the main efforts to improve the innovation performance and input-
output-outcome relationships, the results can contribute to a better decision-making process for innovation
investments and management in companies as well as for policymakers. The results are particularly relevant
given that the Brazilian case can serve as a reference for other emerging countries.

Originality/value — Analyses of the innovation in input-output-outcome relationships were performed in a
comprehensive way by using a set of variables for defining each construct. This allowed each construct to be
better measured, which improved the understanding of the relationships between inputs and outcomes
mediated by product and process innovations.

Keywords Innovation inputs, Innovation outputs, Innovation outcomes, PLS-SEM, Manufacturing sector,
Innovation policy, Innovation management
Paper type Research paper

Introduction

Innovation activities play an important catalyst role in improving the growth, performance and
competitiveness of companies. However, there is the assumption that companies in emerging
markets have greater difficulties, such as in technological capabilities, which can lead to different
results in the innovation process (Charmjuree, Badir, & Safdar, 2021). Given the complexity of the
mstitutional environment, it is risky to generalize consolidated theories of established markets
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to emerging economies (Wang, Xiao, & Savin, 2020). Thus, doubts remain regarding the
relationship between innovation and company performance in emerging countries (Gupta, 2021).

A few studies have distinguished the concepts of innovation inputs, outputs and
outcomes (I00), which can lead to misunderstandings about innovation as a driver of the
firms’ performance (Janger, Schubert, Andries, Rammer, & Hoskens, 2016; Tavassoli, 2018).
Companies can transform innovation inputs (internal or external) into intermediate outputs
in the first stage and then potentially into innovation outcomes in the second stage (Janger
et al., 2016). Output refers to the direct results of innovative efforts (i.e. product, operational
and process innovation), whereas innovation outcomes are the consequences of the
introduction of innovations (i.e. market and product performance) (Janger et al., 2016;
Tavassoli, 2018). The distinction between product and process outputs in terms of
innovation is also relevant as they can be impacted by external and internal inputs in
different ways and can also impact the outcomes (Medda, 2020; Wang et al., 2020).

There is an association between innovation inputs — to be translated into investments in
research and development (R&D) and patents and economic advancement — although this
relationship is widely studied and confirmed in developed economies (Gupta, 2021). There is
also an assumption that companies in emerging markets have insufficient R&D and
technological capability (Charmjuree, Badir, & Safdar, 2021). In this sense, there is a gap in the
literature on whether R&D is related to product and process innovation in industrial companies
with low R&D investment (Carvache-Franco, Gutierrez, Guim-Bustos, & Carvache-Franco,
2020). Additionally, doubts remain about the relationship between innovation outputs and
company performance in emerging countries (Gupta, 2021). This makes empirical studies of
innovation in company performance in emerging countries through observation of multiple
dimensions (e.g. market, product and operational) relevant (Carvache-Franco, Gutierrez, Guim-
Bustos, & Carvache-Franco, 2020; Gupta, 2021; Charmjuree et al., 2021).

A better understanding of the input-output-outcome relationships in the context of
emerging countries could guide the design and implementation of public policies for high-
quality growth (Zhou et al., 2021), even more in countries like Brazil where continued public
policies are required to encourage and support innovation (Santos, Basso, & Kimura, 2018;
Colombo & Cruz, 2023). Emerging markets are distinguished from developed markets
through characteristics such as smaller per capita income and more price-conscious and
price-sensitive consumers. As many consumers in emerging markets come from low-to-
middle class, with modest income and limited access to goods and services, innovation has a
positive impact on the perceived value by increasing perceived gains in relation to acquisition
costs (Shankar & Narang, 2019). In this context, this study aims to answer questions which
still require further clarification, especially regarding the emerging countries scenario:

RQI. What is the effect of internal and external inputs on product and process innovation?

RQ2. What is the effect of product and process innovation on innovation outcomes (i.e.
product, operational performance and market)?

RQ3. What is the indirect effect of internal and external inputs on innovation outcomes
(i.e. product, operational performance and market) mediated by product and
process innovation?

Thus, this study seeks to address the following research gaps: (1) identifying the impact of
R&D and other internal and external inputs on product and process innovation (outputs); (2)
analyzing the relationship between these different types of innovation in dimensions of
company performance (outcomes); (3) proposing a model for analysis of these relationships in
an integrated way; (4) using a set of variables to compose each construct for allowing better
measurement of each construct and (5) improving understanding of the relationships
between inputs and outcomes mediated by product and process innovation. For this purpose,
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a sample of 5,586 manufacturing companies was obtained from a database provided by the
Brazilian Institute of Geography and Statistics (IBGE).

Theoretical veview

A model of relationships between 100 was proposed for analysis of the relationships
between different types of innovation in multiple performances constituting a dynamic
capacity, in which input is divided into internal (or in-house) and external (Medda, 2020;
Orsi, Neuberger, & Cario, 2019). Differentiation in the analysis of the impact of input on the
innovation process is one of the examples in the existing literature (e.g. Bianchini, Pellegrino,
& Tamagni, 2018). Internal inputs are related to investment in the creation of new knowledge
and solutions, whereas external inputs are related to extramural R&D, acquisition of
machinery and external knowledge, which can increase the innovative capabilities
(Bianchini et al., 2018; Guarascio & Tamagni, 2019; Medda, 2020).

The distinction between product and process innovation outputs is also relevant, as these
innovations can be impacted in different ways by external and internal inputs, in addition to
impacting the outcomes (Haneda & Ito, 2018; Medda, 2020; Wang et al., 2020; Vargas, Lloria,
Salazar, & Vergara, 2022). In the case of a product, it was observed whether the innovation is
aimed at the company, domestic market or world (Song & Chen, 2014). As for the process
innovation, type of innovation (i.e. production method, logistics or software) (Karabulut,
2015) and degree of innovation (i.e. new to a company or new to the industry) (Reichstein &
Salter, 2006) are considered.

Additionally, the influence of input mechanisms can differ when considering product and
process innovations. There is a tendency in emerging countries for product innovation
outputs to be positively impacted by internal R&D investments and/or inputs, although
internal inputs can positively impact the process innovation outputs in the context of
developing countries (Paily, 2018).

In Brazilian industries, some studies have shown evidence that internal R&D efforts
positively influence product and process innovations (Dall Corte, Dabdab, & Stiegert, 2015).
On the other hand, Goedhuys and Veugelers (2012) observed that Brazilian companies are
less successful in fostering an internal development strategy. The focus of Brazilian
companies on internal knowledge through in-house R&D tends to generate innovations
linked to emerging technologies (Franco, Ray, & Ray, 2011). Considering the above
arguments, we can propose the first hypotheses as follows:

Hla. The relationship between the use of internal inputs and product innovation output
1S positive.

HI1b. The relationship between the use of internal inputs and process innovation output
1s positive.

Understanding the impacts of external inputs on innovation development is important because
although studies have shown that emerging economies can catch up with developed countries
by imitating or adopting technologies, this scenario can quickly change with the increase of
global competition (Zhou et al., 2021). Companies in emerging markets suffer from a lack of
knowledge and capabilities (Zanello, Fu, Mohnen, & Ventresca, 2016; Wang et al., 2020), and for
this reason, strengthening connections with external technological knowledge sources can
yield results which cannot be internally achievable in the short term (Charmjuree et al, 2021).
The technological dynamics make it almost impossible for companies to develop and update
the necessary knowledge and explore external sources of knowledge (Wang et al., 2020).
Process innovation in Latin American developing countries is largely driven by buying
strategies (e.g. external R&D and licensing of patents) (Crespi & Zuniga, 2012), whereas
product innovations are highly dependent on the acquisition of external knowledge and



technology (Goncalves, Lemos, & de Negri, 2008). Additionally, in emerging countries,
technology acquisition is found not to be effective or significant in process innovations
(Paily, 2018). However, the strategy based on industrial machinery and equipment
acquisition in Brazilian companies showed a negative effect on innovation outcomes
(Frank, Cortimiglia, Ribeiro, & Oliveira, 2016). Acquisition investment tends to gradually
improve production processes, but it does not generate innovative capabilities to create
strategic advantage in a global scenario (Frank ef al.,, 2016).

External acquisition of equipment is the main investment of the Brazilian manufacturing
companies (Orsi et al, 2019), accounting for the largest investments of all innovation
activities (Frank et al.,, 2016). This scenario can affect the innovation performance, especially
product innovations (Orsi et al, 2019), due to the relatively low allocation of investment.
From these arguments, the following hypotheses are proposed:

Hic. Therelationship between the use of external inputs and product innovation output
is positive.

Hi1d. Therelationship between the use of external inputs and process innovation output
is positive.

The second group of hypotheses (H2) refers to the relationship between outputs and
outcomes of the innovation process, in which the former shows whether the company has
developed or introduced product and process innovations and the latter shows the impact on
performance. This study divides performance (outcomes) into three major constructs:
product performance, market performance and operational performance (Lizarelli & Toledo,
2015; Janger et al., 2016; Guimaraes, Severo, Campos, El-Aouar, & de Azevedo, 2020).

Innovation outcomes can be seen as the consequences of introducing innovations to the
market, process and product performance (Kahn, 2018; Janger ef al., 2016; Tavassoli, 2018),
thus showing an effect of innovation on the company’s performance (Sinha, Saunders, &
Raby, 2022). Outcomes can be measured in terms of both product-oriented and operational-
oriented results (Lumiste & Kilvits, 2004). Product performance measures the product-
oriented effects of innovation, which include improvements in the quality of goods and
services and expansion of their variety (Murovec & Prodan, 2009; Hashi & Stojcic, 2013).
Operational performance is related to production-oriented innovative performance in which
capacity, flexibility, cost reduction and labor cost of the production are considered (Mondéjar-
Jiménez, Segarra-Ona, Peir6-Signes, Paya-Martinez, & Saez-Martinez, 2015). Another factor
widely used to highlight the impacts of innovation is the market-oriented results, measured by
continued participation in the market and market share (Dervitsiotis, 2010). The innovation
outcome can be defined as the orientation toward market penetration and greater market
share obtained by the company as a result of innovative processes (Vargas et al., 2022).

The company can gain access to these customers if its product innovation meets the
unique needs of consumers in these markets and incorporates more value, resulting in
market and revenue expansion, which has a positive impact on the product outcome
(Shankar & Narang, 2019; Carvache-Franco, Gutierrez, Guim-Bustos, & Carvache-Franco,
2020). Nevertheless, internal issues can also hamper the positive impacts on performance. A
lack of resources and periods of poor management to adequately generate desired outcomes
can limit the exploitation of developed innovation (Wang et al, 2020), thus limiting the
operational, product and market potential. Product and process innovations have a different
impact on the company’s performance (Medda, 2020). Although in Brazil, the perception is
that there are benefits associated with innovative efforts regarding the quality
improvement of products (Frank ef al., 2016; Orsi et al., 2019), there are doubts about the
impacts of product and process innovations on this outcome. Therefore, the following
hypotheses are proposed:
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H2a. The relationship between product innovation output and product outcomes is
positive.

H2b. The relationship between process innovation output and product outcomes is
positive.

Many studies have associated innovation patterns with sales growth and market success
(Guarascio & Tamagni, 2019). The literature dealing with product and process innovations has
associated product innovation with market development (Cabagnols & Bas, 2002; Al-Jobor, Al-
Weshah, Al-Nsour, Abuhasshesh, & Masa’'deh, 2020) as a successful new product that can
increase the aggregate value and market share (Janger ef al.,, 2016). Positive results have also
been found between process output and market outcome in emerging market countries, such as
Vietnam (Canh, Liem, Thu, & Khuong, 2019), India (Paily, 2018) and Brazil (Kannebley, Sekkel,
& Araujo, 2020). Bianchini et al (2018) pointed out that different innovation strategies, such as
product and process, can have different impacts on market performance and company growth.
In this context, we propose the following hypotheses:

H2c. The relationship between product innovation output and market outcomes is
positive.

H2d. The relationship between process innovation output and market outcomes is
positive.

Although the process innovation is more related to operational performance, there are a few
studies focusing on this relationship (Cabagnols & Bas, 2002; Parisi, Schiantarelli, &
Sembenelli, 2006; Hervas-Oliver, Sempere-Ripoll, & Boronat-Moll, 2014). Process
innovations can reduce operating costs and generate a competitive advantage in the
supply chain (Kalyar, Shoukat, & Shafique, 2019). Because process innovation is mainly
production-oriented, performance consequences can be measured by using production
process indicators of cost, flexibility and capacity improvement (Janger et al., 2016; Hervas-
Oliver et al., 2014). Parisi et al. (2006) found that the introduction of process innovation has a
sizeable effect on productivity, even being greater than that of product innovation.

Paily (2018) identified in the Indian manufacturing sector that combined product and
process innovations influence the productivity growth of the companies. In a study of
Brazilian companies, product innovations increased the productivity immediately, whereas
process innovations negatively affected it in the first year (Tironi & Cruz, 2008). Therefore,
we propose the following hypotheses:

H2e. The relationship between product innovation output and operational performance
outcomes is positive.

H2f The relationship between process innovation output and operational performance
outcomes is positive.

Supplementary_material_figure_1 show the theoretical framework adopted in this study
and research hypotheses. Hypothesis H1 is associated with research question 1 (RQ1),
whereas hypothesis H2 is associated with research question 2 (RQ2). Analysis of the
relationships between hypotheses H1 and H2, through specific variables of the constructs, is
associated with answers to research question 3 (RQ3).

Research method

Data and model analysis

The empirical investigation was based on the PINTEC 2014 database (BRASIL. Instituto
Brasileiro de Geografia e Estatistica, 2016). Data were collected between 2015 and 2016, all
relative to the 2012-2014 period and made available for consultation by IBGE from 2018



onward. Data from 5,586 companies belonging to 24 sectors of the industry who had
responded to the questionnaire and had some type of innovation in the period were selected
for study as follows: 1,095 large companies (>500 employees), 2,371 medium companies
(100-499 employees) and 2,120 micro and small companies (<99 employees) (Brazil, 2016).

Partial least squares structural equation modeling (PLS-SEM) is appropriate
in situations where a series of regressions are being performed simultaneously, and the
regression’s dependent variable also represents the independent variable of another
regression, thus being chosen for the following main reasons (Hair, Hult, Ringle, & Sarstedt,
2017; Hair, Matthews, Matthews, & Sarstedt, 2017): (1) it iS a non-parametric method
working well with non-normal distributions and with very few restrictions on the use of
ordinal and binary scales; (2) it is used to indicate complex models with a large number of
variables per construct involving advanced analyses; (3) it is suitable for studies with
secondary data and (4) its formative construct allows researchers to perform analysis based
on their objectives.

Model and variables

Supplementary_material_table_1 shows the variables and constructs used to select the
variables used to compose the input-output-outcome constructs. The variables were selected
according to the PINTEC questionnaire based on the identification of variables presented in
the literature which could make up the constructs.

The PINTEC questionnaire evaluates innovation inputs and outcomes on a scale of 1 to 4
based on their importance or impact according to the respondents’ perception of
expenditures and contributions to different aspects of performance. The variables
measure their perceptions over a period of three years, in which outputs are evaluated
through binary variables (i.e. whether innovation has been developed by the company or
not). The variable PDI_WORLD deals with the percentage of net sales and exports from the
introduction of a new product to the world market, being transformed into a binary scale. If
there was a value of sales or exports, then the company was innovated within the world
market (1 = Yes); otherwise, there was no innovation in the company (0 = No).

Input constructs identify the level of use of internal and external resources. Output
constructs assess the development or introduction of new products and processes by the
company and the level of this innovation (i.e. company, market or world). Outcome
constructs verify the impacts of these innovations, i.e. whether products were placed in the
market by expanding the mix of existing products, increasing product quality, market share,
process flexibility and reducing costs. The outcomes measure the effects on performance as
the introduction of innovations may not be transformed into positive product, market and
operational impacts.

Results

Descriptive statistics

Supplementary_material_table_2 shows the main estimated parameters of the variables.
Among the input variables, there is a significant use of employee training (TRAIN) oriented
to the company’s development of products and/or processes and innovative activities as well
as the acquisition of equipment (FQUIP_ACQ) specifically for implementing new or
improved products or processes. On the other hand, acquisition of external R&D
(R&D_ACQ) for development of new products or processes and acquisition of technical
and scientific knowledge (KNOW_ACQ), such as purchase of licenses for patent
exploitation, were the least used inputs.
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With regard to product innovation outputs, the higher the degree of innovation, the lower
its occurrence. Worldwide innovations (PDI_WORLD) were rare (mean = 0.038), whereas
product innovations already in the market (PDI_FIRM) were more frequent (mean = 0.495).
The most frequent process innovations were related to production methods (PCI_METH),
which required relatively less investment rather than innovations in equipment (PCI_
EQUIP) and logistic systems (PCI_LOG). As for the degree of innovation, the most frequent
innovations were new only within the company (PCI_FIRM) (mean = 0.815), whereas
innovations new for the entire industrial sector (PCI_SEC) were less frequent (mean = 0.136).

Model assessment

This model, which presents both formative (int_INPUTS, ext_INPUTS, prod_OUTPUT and
proc_OUTPUT) and reflective constructs (prod_OUTCOME, mkt_OUTCOME and opp_
OUTCOME) undergoing different validation steps, requires validation through
measurement and assessment of its structure.

The validation of reflective and formative constructs is shown in Supplementary_
material_table_3 and Supplementary_material_table_4. Reflective constructs are validated
by internal consistency (composite reliability — CR > 0.70), convergent validity (outer loading
>0.40 and average variance extracted — AVE >0.50) and discriminant validity (cross-
loadings and Fornell-Larcker criterion) (Hair, Hult et al., 2017). Formative constructs are
validated by collinearity (variance inflation factor — VIF <5.0) and significance and relevance
(outer weights significant at p-value <0.05 or outer loadings >0.70). In this context, the
variable TRAIN did not meet the criteria and was removed from the model.

With regard to internal inputs (z2t_INPUTS), the greatest contribution to the construct
was attributed to internal R&D activities (outer weight for INT_R&D = 0.780), followed by
activities related to marketing and launch of product innovations (outer weight for COM_
ACTIV = 0.393). On the other hand, there was a low contribution by activities related to
production and distribution of innovations (outer weight for OTHER_PREP = 0.160). As for
external inputs (ext_INPUTS), the variable contributing most to the construct was the
acquisition of equipment (outer weight for EQUIP_ACQ = 0.791), followed by software
acquisition (outer weight for SOFT_ACQ = 0.453). External acquisition of R&D (outer
weight for R&D_ACQ = 0.163) and other external knowledge acquisition (outer weight for
KNOW_ACQ = 0.061) showed little contribution in the construct.

Product innovation output (prod_OUTPUT) had two main variables: introduction of new
or significantly improved products for the company (PDI_FIRM outer weight = 0.840) and
introduction of new or significantly improved products in the national market (outer weight
for PDI_NAT = 0.655). The variable identifying product innovations at the global level
(PDI_WORLD) had no major contribution due to a very small number of companies carrying
out this innovation.

Process innovation output (proc_OUTPUT) is composed of two groups of variables: three
variables (PCI_METH, PCI_LOG and PCI_EQUIP) refer to the scope of process innovation,
whereas the other two (PCI_FIRM and PCI_SEC) refer to the degree of novelty. The novelty
variables make relatively little contribution to the formation of constructs. On the other hand,
there is a greater contribution to the formation of the proc_OUTPUT construct by
innovations related to manufacturing methods (outer weight for PCI_METH eight = 0.677),
followed by the introduction of equipment (outer weight for PCI_EQUIP = 0.469), whereas
logistic system innovation (PCI_LOG) was not very influential (outer weight = 0.179).

By analyzing the variables related to product outcomes, it is noticed that a mix of goods
and services offered (PROD_RANGE) was the variable with the greatest explained variance
(outer loading = 0.974), whereas product quality (PROD_QUAL) had a low proportion of
explained variance (outer loading = 0.445). The most relevant variable to the market



outcome construct was the opening of new markets (outer loading for NEW_MKT = 0.912).
This was followed by an increase in market share (outer loading for MKT_INCRE = 0.722),
whereas maintenance of market share (MK T _MAINT) was the indicator with the lowest rate
of variance explained (outer loading = 0.582). As for the operational performance outcomes,
there was a great relevance of production capacity (outer loading for MANUF_CAP = 0.824),
flexibility (outer loading for MANUF _FLEX = 0.780) and reduction of production costs
(outer loading for MANUF_COST = 0.822) and labor costs (outer loading for LAB_
COST = 0.816). However, the reduction of raw material consumption (RM_CONSUM) had a
low influence on the construct (outer loading = 0.573).

The assessment of the structural model comprised two steps: verification of inner
collinearity, where the model had VIF <5.0 for all values, and validation of path coefficients
by using the bootstrapping procedure (Supplementary_material_table_5).

Supplementary_material_figure_2 shows the results of the structural model analysis.

Internal efforts (7n¢_INPUT) have a positive and significant influence on the development
of product innovations (prod_OUTPUT: = 0.460), being relatively more substantial than
the impact on the performance of process innovation (proc_OUTPUT: = 0.085). However,
despite the low impact, this relationship is positive and significant. Therefore, there is
evidence to support Hla and H1b.

External resources (ext INPUT) have a considerable and statistically significant
influence (f = 0.476) on the development of process innovations (proc_OUTPUT),
including a slightly negative relationship (f = —0.108) with product innovation (prod_
OUTPUT). As external resources contribute to process innovations, one can state that Hld is
supported. However, there is no empirical evidence to support Hlc.

The outcomes related to product variety and quality (prod_OUTCOMEYS) are influenced
by both types of innovation, thus supporting H2a and H2b. However, product outputs (prod_
OUTPUT) are clearly more influential (8 = 0.687) than process outputs (proc_OQUTPUT)
(p = 0.063). This was already expected, despite the results showing that Brazilian companies
are not only improving existing products, which would not generate an increase in the mix,
but also expanding the products offered and their quality through innovation.

The relationships of product and process outputs with market outcomes were found to be
statistically significant for both but had low intensity with process outputs (4 = 0.123) and
high intensity with product outputs (4 = 0.519). Thus, H2c and H2d are supported.

The relationships of proc_. OUTPUT and prod_OUTPUT with operational performance
(opp_OUTCOMES) had different behaviors compared to other outcomes, being more
pronounced with process outputs (f = 0.407) and slightly negative with product outputs,
despite being statistically significant ($ = —0.107). Thus, hypothesis H2f is supported, but
there is no empirical evidence to support H2e. In addition to the direct relationships in the
structural model, it is possible to perform an analysis of the indirect relationships mediated
by outputs (Supplementary_material_table_6).

The analysis of indirect effects between constructs of inputs and outcomes through
innovation outputs is discussed below, which is associated with research question RQ3. The
most intense indirect effects are between internal inputs (¢ _INPUT) and product outcomes
(prod_OUTCOMEY) (0.322), in which much of the relationship (0.316) is mediated by the
product output. Another indirect effect is caused by the impact of internal inputs on market
outcomes (0.250) in large part as a result of product output (0.239), showing that internal
inputs positively influence product outputs. This generates positive results in terms of
product variety and quality, as new markets are opened and market share is increased.
Mediation in the process output is almost non-existent in relationships of internal inputs with
product and market outcomes because the relationship between internal input and process
output is low (0.085).
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In the relationship between external inputs and operational performance, the indirect
effect is more significant when mediated by process output (proc_OUTPUT) (0.194), which
generates benefits related to production capacity, labor costs and flexibility.

There are two negative indirect effects, namely low intensities between internal inputs
and operational performance (—0.014) and between external inputs and product outcomes
(prod_OUTCOMES) (—0.045). These effects demonstrate that internal inputs do not support
a positive effect, being statistically significant on operational performance, and the same is
true for the indirect relationship between external inputs and product outcomes.

The determination coefficients (R% indicate predictive accuracy of each construct
(Hair, Matthews et al., 2017). According to behavioral sciences, values of 0.02, 0.13 and 0.26
are considered, respectively, weak, moderate and substantial (Cohen, 1988). By adopting this
scale, the predictive accuracy of the product (R = 0.209) and process (R° = 0.246) outputs
ranges from moderate to substantial. Product outcomes have substantial predictive
accuracy, as 47.4% of the construct variance is explained by the model (R = 0.474). Market
outcomes also have substantial predictive accuracy (R = 0.283), whereas the accuracy of
operational performance is moderate (R = 0.178).

Discussion

This study proposed ten hypotheses for the analysis of input-output-outcome relationships
based on research questions objectively. Hypotheses Hla and Hlb, which address the
influence of internal inputs on product and process outputs, were supported. The results
show that Brazilian companies are converting their internal investments into product
innovations, contrary to findings of other studies on emerging markets, suggesting that
internal R&D have little influence on product innovations (e.g. Goedhuys & Veugelers, 2012).
A further observation was that internal R&D efforts are more focused on product
technologies rather than directed toward processes. This may demonstrate that internal
efforts are aimed at market rather than operational structures.

Our findings also indicate that external resources can contribute to process innovations,
which are in line with Crespi and Zuniga (2012), who found that process innovation in
emerging markets can be driven by acquisition strategies (H1d). Although empirical
evidence supported hypothesis H1d, the same was not observed for support Hlc. In addition,
these results reinforce the fact that Brazilian companies are having a positive impact on
product innovation based on their investments in internal R&D, but they are dependent
on acquisitions of external R&D and knowledge for the development of processes. Brazilian
industrial policy has stimulated the acquisition of foreign knowledge and equipment (Santos
et al, 2018). However, the results show that this approach can better favor process
innovation, in addition to giving rise to a passive attitude toward operational improvement
strategies for innovative efforts (Orsi ef al., 2019).

Therefore, although the search for external resources generates greater value for process
innovation, our findings suggest that internal investments have generated better results for
product innovation. This result may indicate priorities to be pursued by companies to
organize their resources (tangible and intangible) in order to obtain competitive advantage in
the environment in which they operate.

According to empirical evidence supporting hypotheses H2a and H2b, product outcomes
are influenced by both product and process innovations, with the former having a higher
level of impact. Product outcomes involve quality improvement and expansion into a variety
of products being offered. Although an increase in product variety may be impacted with the
implementation of product innovations, this observation should be made with caution as
product innovations may be incremental or a given innovation may only replace its
predecessor rather than increasing the product variety. Therefore, the companies studied



have sufficiently implemented the improvement of their products to the point in which no
previous products are replaced.

The relationship of product and process outputs with market outcomes presented results
similar to those of product outcomes, meaning that hypotheses H2c and H2d were supported.
Product innovations within the company and in the national market were influential in
expanding new markets and increasing the market share. Our findings show that despite the
market being made up of consumers with lower per capita income and limited access to
goods and services, product innovations are meeting the customer needs by allowing
companies to maintain or enter into new markets. The companies are also achieving market
outcomes through process innovation. Process innovations have a positive impact on market
share results in Brazilian companies. This result corroborates with similar findings on the
positive relationship of both product and process outputs with market outcomes in emerging
markets (e.g. Canh et al, 2019).

As for operational performance outcomes, the relationship with process outputs was
positive and statistically significant, which supports hypothesis H2f. Process outputs, and
indirectly external inputs, lead to improvements in operational performance and
consequently reinforce the role of acquisition in organizational performance, as
highlighted by other authors (e.g. Carvache-Franco, Gutierrez, Guim-Bustos, & Carvache-
Franco, 2020; Charmjuree et al, 2021). This may indicate that companies are making
management efforts to exploit acquired knowledge in order to overcome potential barriers.

On the other hand, product innovations had a negative relationship with operational
performance outcomes, thus not supporting hypothesis H2e. This result is contrary to
previous studies on Indian companies (Paily, 2018) and Brazilian companies (Tironi & Cruz,
2008), which showed that product innovations raised productivity immediately, whereas
process innovations negatively affected productivity. This may have occurred in our sample
(PINTEC) because the efforts to develop new products can adversely affect operational
performance in the short term, which increases production costs and decreases capacity and
productivity as a result of the adaptations required for new products. However, it is
important that future studies investigate these findings further.

These findings also present distinct trajectories of the impacts on outcomes due to the
effect of product and process innovations, which is in line with other studies (e.g. Vaona &
Pianta, 2008). While product innovations mainly impact the quality and variety of products
and the potential growth of market share, process innovations influence the efficiency of
production processes and reduce costs through new technologies.

Conclusions

The proposal of this model and the results obtained contribute to the theory in innovation
management and public policies for innovation, especially in emerging markets. It was
possible to identify and analyze relationships of product and process innovation efforts with
product, market and operational outcomes. The results are particularly relevant, given the
Brazilian case can serve as a reference for other emerging countries.

The main results of this study show that internal investments have generated better
results for product innovation, while the search for external resources generates greater
value for process innovation. Product innovations are favored by more in-house resources
(e.g. R&D and commercial activities), whereas process innovations are favored by external
resources (e.g. acquisition of machines, equipment and software). Market outcomes are
positively impacted by both product and process innovations. The quality and variety of
products are improved through investment in internal R&D, mediated by product
innovation, whereas external acquisition of machines and equipment impacts operational
outcome, mediated mainly by process innovation. When observing the market outcome,

Innovation &
Management
Review

269




INMR
214

270

encompassing market share and new markets, there is an impact of investment in internal
R&D, mediated by product innovation.

This study has implications for managers and policymakers. For managers, the results
presented can improve the decision-making process on investments in internal or external
resources for innovation. The implications are also related to the identification of the main
inputs to foster innovation, such as internal R&D and acquisition of equipment for internal
and external inputs, respectively. Furthermore, the results can also support companies and
policymakers in the decision-making process regarding investments in innovation, as
internal inputs tend to favor product innovations as well as external inputs may favor
process innovations. The results indicated that managers and policymakers can stimulate
innovation outcomes by eliminating barriers and encouraging product innovations to create
even better products and improve market performance and process innovations to achieve
operational improvements. In order to improve innovation performance, the results of this
study can also guide public innovation policies, such as those for open innovation and
strengthening of innovation ecosystems.

This study has limitations, which should be acknowledged. One limitation is related to
selection bias. Although the use of a comprehensive and official database (i.e. PINTEC) has
several positive points, given the robustness of the results and sample size, the generalization
of results is limited. Another limitation is that despite the benefits of using variables
measured by the users’ perceptions, such an approach poses challenges for comparison with
previous studies. Therefore, objective measures could provide more precision in the results.
The variables studied were limited to their existence in the PINTEC database and the use of a
greater number of variables could enrich the analysis.

There are several possibilities for future studies. One of them is related to the comparison
of the results of this study with those from other countries, mainly considering both
developed and developing ones. There is also an opportunity to compare different types of
companies by sector and size to guide public policies and management decisions. Analyses of
other relationships could be carried out, for example, by analyzing the direct effect between
inputs and outcomes to broadly verify the mediating effect of the product and process
innovations (which was a limitation of the present study). Other opportunities for future
studies might address the following questions: Are innovation tax incentive policies, which
are traditional in countries like Brazil, more effective for which innovation input-output-
outcome paths? Is the use of external R&D resources acquired from partners such as
universities and research centers more effective in terms of impacts on innovation outcomes
than resources acquired from other companies?
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