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palavras-chave inovação, vantagem competitiva, investigação científica, incentivos 
fiscais, ciência e tecnologia, competitividade.

resumo A presente investigação teve como objetivo geral apresentar uma 
série de 5 investigações originais com o intuito de identificar e 
discutir os impactos dos determinantes da inovação por meio da 
análise dos elementos constituintes da tríade governo-indústria-
academia. Mais especificamente, pretendeu-se apontar caminhos 
para a promoção da inovação a partir de uma visão holística, 
adotando-se para tal uma abordagem multifacetada, considerando-
se a inovação de maneira assintótica, consubstanciada em proxies 
como os números de registros de marcas e pedidos de depósitos 
de patentes, ativos intangíveis e novo conhecimento científico. 
Para tal, foram analisados diversos elementos constituintes da 
tríade governo-indústria-academia, ao longo das 5 investigações 
realizadas, sobretudo no Brasil e em Portugal, tais como os 
investimentos públicos e privados em ciência e tecnologia, os 
investigadores científicos, a força de trabalho das empresas, os 
incentivos fiscais para as atividades de I&D (Investigação e 
Desenvolvimento), a colaboração científica entre os pares e, o 
atual estado da adoção de estratégias de Big Data para a 
promoção da inovação, cujas informações foram coletadas em 
diversas bases de dados como a do Ministério da Ciência e 
Tecnologia do Brasil, no Pordata e na Autoridade Tributária e 
Aduaneira de Portugal, no SABI e na Scopus. Os dados foram 
analisados na sua maioria por meio da utilização de técnicas 
estatísticas como Regressões baseadas no Método dos Mínimos 
Quadrados Ordinários (OLS) e pela Modelagem de Equações 
Estruturais com a estimação pelos Mínimos Quadrados Parciais 
(Partial least squares structural equation modeling-PLS-SEM). Os 
resultados encontrados sugerem que a inovação não é 
determinada por um fator isolado. Nesse sentido, para que os 
níveis agregados de inovação sejam potencializados, quer a nível 
empresarial, regional ou nacional, torna-se necessário que os 
formadores de políticas públicas, em termos de inovação, bem 
como as empresas em geral, compreendam a inovação como o 
resultado de uma cadeia de relacionamentos entre os 
investimentos públicos em ciência e tecnologia, os incentivos 
fiscais para atividades de I&D, a investigação científica e a criação 
de condições internas favoráveis (i.e. recursos e competências) 
que possibilitem o tratamento do Big Data.
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keywords innovation, competitive advantage, scientific research, tax 
incentives, science and technology, competitiveness.

abstract The general objective of the present research was to present a 
series of 5 original investigations to identify and discuss the 
impacts of the determinants of innovation through the analysis of 
the constituent elements of the triad government-industry-
academia. More specifically, it was intended to point out ways to 
promote innovation from a holistic view, adopting for this a 
multifaceted approach, considering innovation in an asymptotic 
way, embodied in proxies such as the number of trademark 
registrations and patent applications, intangible assets, and new 
scientific knowledge. To this end, several constituent elements of 
the government-industry-academia triad were analyzed over the 5 
investigations carried out, especially in Brazil and Portugal, such as 
public and private investments in science and technology, scientific 
researchers, the workforce of companies, tax incentives for R&D 
(Research and Development) activities, scientific collaboration 
among peers, and the current state of adoption of Big Data 
strategies for the promotion of innovation, whose information was 
collected in several databases such as the Ministry of Science and 
Technology of Brazil, in Pordata and the Tributary and Customs 
Authority of Portugal, in SABI, and in Scopus. The data were 
analyzed mostly through the use of statistical techniques such as 
Regressions based on the Ordinary Least Squares (OLS) Method 
and by Structural Equation Modeling with estimation by Partial 
Least Squares (Partial least squares structural equation modeling-
PLS-SEM). The results found suggest that innovation is not 
determined by an isolated factor. In this sense, for aggregate levels 
of innovation to be enhanced, whether at the firm, regional or 
national level, it becomes necessary that public policymakers, in 
terms of innovation, as well as firms in general, understand 
innovation as the result of a chain of relationships between public 
investments in science and technology, tax incentives for R&D 
activities, scientific research, and the creation of favorable internal 
conditions (i.e. resources and competencies) that enable the 
handling of Big Data.
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1. Introdução Geral  

“Uma marca infalível do amor à verdade, é não considerar nenhuma proposição com uma 
convicção maior do que a autorizada pelas provas em que se fundamenta.”  

(John Locke,1690) 
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1.1 Enquadramento, objetivos e motivação 

Desde tempos imemoriais, a inovação tem moldado a forma como nos 

relacionamos e transformamos o nosso mundo material e imaginado. É possível afirmar 

que a inovação tem estado em quase tudo. A história aponta para o fato de que os povos 

que foram capazes de dominar os seus mecanismos ou determinantes mais cedo, obtiveram 

vantagens cumulativas que os colocaram em relativa superioridade para competir com os 

demais. De forma sintomática, as nações que desenvolveram primeiro novas formas de 

organização militar, resistência biológica contra germes, por meio da domesticação de 

animais, e a concepção e manuseio do aço foram capazes de conquistar o mundo 

(Diamond, 2007). 

Grandes impérios de antigamente como os Impérios Holandês e Inglês - o maior 

alguma vez visto - do século XVII, além de contarem com outros fatores como a ideia do 

progresso e a mentalidade da conquista, foram construídos fundamentalmente com o 

auxílio de inovações como as sociedades de responsabilidade limitada e as sociedades por 

ações, consideradas elementos cruciais para que pudessem levar a cabo a exploração e a 

conquista de novos territórios e rotas comerciais (Harari, 2011). 

A despeito da importância histórica do papel da inovação, só após o trabalho do 

economista austríaco Joseph Alois Schumpeter (1983-1950) que a mesma passou a ser 

considerada de maneira sistemática como um fenômeno para investigação, adquirindo o 

sentido que possui nos dias atuais (Walter, 2017). 

 No seu livro intitulado “Teoria do Desenvolvimento Econômico: uma investigação 

sobre lucros, capital, crédito, juro e o ciclo econômico", Schumpeter (1997) argumenta que 

os empresários promovem perturbações no atual estado de equilíbrio econômico, por meio 

do uso da inovação tecnológica, tendo por finalidade a obtenção de vantagens estratégicas 

garantidoras de lucros de monopólio.  

 Tais lucros, atrairão a ação de concorrentes, que ao imitarem as inovações 

introduzidas reduzirão os lucros de monopólio do inovador original estabelecendo um 

novo estado de equilíbrio, que por sua vez, levará à busca de novas fontes de vantagens 

!2

https://paperpile.com/c/V17fr9/g0PH
https://paperpile.com/c/V17fr9/BPhf
https://paperpile.com/c/V17fr9/v4gk
https://paperpile.com/c/V17fr9/maKf


estratégicas por meio de um processo de "destruição criativa”, que reescreverá as regras do 

jogo competitivo, reiniciando todo o fluxo (Schumpeter, 1997; Tidd et al., 2008). 

Diferentemente de Schumpeter, que realçava o papel dos empresários inovadores 

como motores do desenvolvimento econômico, Vannevar Bush (1890-1974), engenheiro, 

inventor e político norte americano, fundamentou a prosperidade econômica como uma 

função direta da investigação científica. No seu célebre relatório “Science, the endless 

frontier”, ressaltava o papel do financiamento governamental para a investigação conjunta 

entre a universidade e a indústria, sob o argumento central de que a investigação produziria 

conhecimentos que poderiam ser convertidos em aplicações práticas (Bush, 2020), o que 

ficou conhecido como o modelo linear de inovação (Isaacson, 2014). 

Desde então, diferentes modelos foram desenvolvidos com o intuito de explicar os 

processos de inovação (Rothwell, 1994), que em termos de resultados têm assumido 

diversos tipos e nomenclaturas como novos produtos e métodos de produção, abertura de 

mercado, desenvolvimento de novos insumos e a criação de novas estruturas de mercado 

(Schumpeter, 1997); acrescidas de inovação de paradigma e posicionamento (Tidd et al., 

2008); inovação de organização e marketing (OCDE & FINEP, 2005), dentre outras. 

Apesar da importância da inovação, em termos históricos, sociais e econômicos; 

dos seus diferentes modelos, tipos e nomenclaturas desenvolvidos até a data, não há um 

consenso na literatura sobre os seus fatores determinantes ou sobre a sua mensuração, de 

forma que a questão permanece aberta, embora se possa afirmar que fatores como as 

habilidades da força de trabalho, bem como as interações da organização com o seu meio, 

contribuem para a capacidade de inovação (Ponta et al., 2020). 

Nesse sentido e, considerando-se a importância teórica dos empresários inovadores 

e do financiamento governamental para a investigação sugeridos previamente (Bush, 2020; 

Schumpeter, 1997), a presente investigação teve como pergunta de partida a seguinte 

questão:  

Empiricamente, que elementos constituintes da tríade governo-indústria-academia 

podem potencializar a inovação?  

Diante dessa perspectiva, a referida investigação tem como objetivo geral 

apresentar uma série de 5 investigações originais com o intuito de identificar e discutir os 
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impactos dos determinantes da inovação por meio da análise dos elementos constituintes 

da tríade governo-indústria-academia. Mais especificamente, pretende-se apontar caminhos 

para a promoção da inovação a partir de uma visão holística, adotando-se para tal uma 

abordagem multifacetada, considerando-se a inovação de maneira assintótica, 

consubstanciada em proxies como os números de registros de marcas e pedidos de 

depósitos de patentes, ativos intangíveis e novo conhecimento científico.  

 Saber quais são os determinantes da inovação continua sendo uma questão central 

para o avanço da humanidade. Não obstante a curiosidade para identificar novas maneiras 

para a promoção da inovação, a motivação geral para a realização da referida investigação 

fundamenta-se no questionamento feito aos seus alunos pelo Professor Nigel Piercy (In 

memoriam), nomeadamente, ao referir-se ao desenvolvimento de investigações relevantes: 

What research have you done today that is important to important people in important 

organizations? (Nigel Piercy - American Marketing Association, 2018). 

Espera-se que a série de investigações ora apresentada possa ser, de alguma 

maneira, importante para pessoas importantes em organizações importantes. 

1.2 Relacionamento lógico, originalidade e relevância das investigações realizadas  

A figura 1 apresenta de forma geral o relacionamento lógico entre todas as 

investigações originais realizadas, sobretudo, no que diz respeito aos seus objetivos.  

Conforme evidenciado na figura 1, a lógica subjacente às investigações realizadas 

pode ser descrita como um efeito cascata, no qual uma investigação precedente propicia 

questões de investigação a serem respondidas pela sua sucessora.  

 Nessa conformidade, os artigos 1 e 2 apresentam macro perspectivas dos 

determinantes da inovação no Brasil e em Portugal, com implicações para o 

desenvolvimento de políticas públicas para a promoção da inovação no Brasil e para a 

adoção da Open Innovation em Portugal. Nas duas investigações, assumiu-se o número de 

pedidos de depósitos de patentes (i.e. no artigo 1) e os números de pedidos de depósitos de 

patentes e registros de marcas (i.e. no artigo 2), como proxies da capacidade de inovação. 
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Figura 1- Relacionamento lógico das investigações realizadas. 
5

Artigo 1   Artigo 2

Artigo 4

Artigo 3

Artigo 4: Estudo exploratório e empírico 
sobre a influência dos incentivos fiscais para 
I&D nos atributos organizacionais que estão 

na base da capacidade de inovação das 
empresas portuguesas. Procura responder 

como os incentivos fiscais podem ser 
convertidos em inovação, trazendo 

implicações para o desenvolvimento de 
políticas públicas que aumentem a eficácia 

dos referidos incentivos.

Artigo 1: Estudo exploratório e 
empírico sobre os fatores 

determinantes da inovação no 
Brasil. Busca responder a seguinte 

pergunta de investigação: Que 
fatores podem explicar os 

números de pedidos de depósitos 
de patentes, feitos por residentes 

brasileiros, em escritórios de 
patentes no Brasil, Estados 

Unidos, Europa e famílias de 
patentes triádicas? 

Artigo 3: Estudo exploratório e empírico 
sobre a produção e disseminação do 

conhecimento. Trata da análise da influência 
da colaboração entre os pares na 

produtividade científica. Visa responder a 
seguinte pergunta de investigação: A criação 
e disseminação do conhecimento científico 
por acadêmicos de renomado desempenho é 

uma atividade puramente individual ou o 
resultado da colaboração por pares?

Artigo 2: Estudo exploratório e empírico sobre os 
fluxos de conhecimentos responsáveis pela 

promoção da capacidade de inovação em empresas 
portuguesas. Trata-se da primeira tentativa de 

compreender como a capacidade de inovação pode 
influenciar a Open Innovation em empresas 
portuguesas, a partir da análise dos fluxos de 
conhecimentos (inbound OI e outbound OI).

Legenda: 

Relacionamento linear entre os artigos 

Contribuição geral da investigação

Artigo 5

Artigo 5: Estudo descritivo e 
bibliográfico sobre o uso do Big 

Data para a promoção da inovação.   
Procura identificar na literatura 

sobre o tema, como o Big Data tem 
sido usado para promover a 

inovação empresarial e como tais 
resultados podem ser utilizados 
para potencializar as chances de 

sucesso da Estratégia Europeia para 
os Dados.

Macroarquitetura de Inovação 

Cicero Eduardo de Sousa Walter 
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 De forma mais específica, o artigo 1 trata-se de uma investigação exploratória e 

empírica que teve como objetivo identificar quais fatores são determinantes para os 

pedidos de depósitos de patentes, feitos por residentes brasileiros, em escritórios de 

patentes no Brasil, Estados Unidos, Europa e famílias de patentes triádicas. 

Do ponto de vista da abordagem do problema, caracteriza-se como uma 

investigação quantitativa, tendo em vista que procurou em maior ou menor grau, descrever, 

explicar ou prever um determinado fenômeno (Cooper & Schindler, 2014). Os dados foram 

coletados na base de dados do Ministério da Ciência e Tecnologia do Brasil, 

nomeadamente, os relativos aos Indicadores Nacionais de Ciência e Tecnologia, cujas 

informações são públicas.  

A análise dos dados foi realizada por meio da técnica estatística de Regressão 

Simples baseada no Método dos Mínimos Quadrados Ordinários (OLS), escolhida em 

função dos problemas de multicolinearidade encontrados entre as variáveis independentes 

(Field, 2009; Hair et al., 2009). 

Em termos de resultados, o artigo fornece uma visão empírica sobre quais fatores 

são determinantes para a promoção da capacidade de inovação no Brasil, contribuindo para 

a literatura geral sobre a inovação. De forma mais específica, a investigação traz 

evidências que podem ser utilizadas para a potencialização da capacidade de inovação a 

nível nacional, que pode ser operacionalizada tanto por meio do desenvolvimento de 

políticas públicas, quanto pelos processos de inovação organizacional.  

A originalidade da referida investigação reside no fato de capturar de maneira 

relativamente simples um fenômeno de natureza complexa que envolve o relacionamento 

entre patentes, inovação, disseminação da informação e competitividade. Somando-se a 

isso, a investigação foca-se na análise de diversos sistemas de pedidos de depósitos de 

patentes, cujas especificidades podem afetar o desenvolvimento das políticas para 

inovação, bem como os processos de inovação organizacional.  

Na mesma linha do artigo 1, o artigo 2 também caracteriza-se como um estudo 

exploratório e empírico com abordagem quantitativa (Saunders et al., 2007). Teve como 

objetivo identificar quais são os fluxos de conhecimentos influentes na capacidade de 
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inovação das empresas portuguesas para o posterior estabelecimento de caminhos para a 

adoção da Open Innovation. 

Para tal, coletaram-se dados relativos à força de trabalho, gastos públicos em 

Investigação e Desenvolvimento (I&D), produção científica, número de investigadores e 

incentivos fiscais para as atividades de I&D em três bases de dados distintas, 

nomeadamente, no Pordata, na Autoridade Tributária e Aduaneira de Portugal e na base de 

dados do SABI (Bureau Van Dijk., 2020). 

Os dados foram analisados por meio da técnica estatística de Regressão Múltipla 

baseada no Método dos Mínimos Quadrados Ordinários (OLS), escolhida por ser a técnica 

estatística mais adequada para se avaliar os relacionamentos - em termos de influência e 

importância - entre diversas variáveis independentes e uma dependente (Härdle & Simar, 

2015). 

Os resultados encontrados trazem evidências empíricas sobre quais fluxos de 

conhecimentos são influentes na capacidade de inovação das empresas portuguesas. 

Considerando-se o fato de que a combinação dos fluxos de conhecimentos identificados 

pode ajudar na adoção e fortalecimento da Open Innovation em Portugal, a investigação 

possui contribuições tanto para a literatura geral da inovação quanto para a Open 

Innovation.  

O desenvolvimento de estratégias para a adoção da Open Innovation deve basear-se 

no contexto no qual as organizações estão inseridas (Arbussã & Llach, 2018). Nesse 

sentido, no que concerne a sua originalidade, a referida investigação é a primeira tentativa 

para se compreender as possíveis implicações dos determinantes da capacidade de 

inovação para a adoção da Open Innovation em Portugal, circunscrita em um estudo 

exploratório sobre os fluxos de conhecimentos que determinam a capacidade de inovação 

das empresas portuguesas.  

 Dentre os fatores identificados para a promoção da capacidade de inovação nos 

artigos 1 e 2 estão os investigadores e a produtividade científica, investigados com maior 

profundidade no artigo 3. O referido artigo avalia a influência da colaboração entre os 

pares na produtividade científica a partir da análise do desempenho de acadêmicos de 
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renomado reconhecimento, tidos como mais individualistas (closed innovators) em 

oposição a acadêmicos mais colaborativos (open innovators).  

De forma mais específica, o artigo 3 pode ser descrito como um estudo 

exploratório, empírico e com abordagem quantitativa (Cooper & Schindler, 2014; Saunders 

et al., 2007). Teve como objetivo principal analisar as possíveis elasticidades colaboração-

produção científica e colaboração-disseminação do conhecimento científico, tendo como 

objetos de estudo investigadores de duas áreas assumidas como ortogonais, 

nomeadamente, os investigadores da Open Innovation e os laureados com o prêmio Nobel 

de Economia. 

Para que o objetivo da investigação fosse atendido, foram coletados dados sobre a 

produção científica e a colaboração dos 500 autores mais citados sobre Open Innovation, 

bem como dos 86 laureados com o prêmio Nobel de Economia na base de dados da 

Scopus.  

A análise dos dados foi feita por meio da técnica estatística de Regressão Simples, 

baseada no Método dos Mínimos Quadrados Ordinários (OLS), com a incorporação de 

não-linearidades, caracterizada pelo uso de um modelo Log-Log, escolhido em decorrência 

da sua adequabilidade para determinar a variação (elasticidade) de uma variável 

dependente (y) em função de uma variável independente (x) (Wooldridge, 2012). 

Os resultados encontrados trazem evidências empíricas sobre como a colaboração 

entre os pares influencia na produção e disseminação do conhecimento, tanto em termos 

globais quanto marginais. De forma mais específica, os resultados apontam para o fato de 

que as redes de colaboração possuem as mesmas características de uma dada função de 

produção. Somando-se a isso, mesmo os investigadores mais proeminentes de uma 

determinada área do conhecimento - no caso em questão, dos laureados com o prêmio 

Nobel de Economia -, se beneficiam da colaboração entre os pares, na medida em que esta 

potencializa tanto a quantidade de novo conhecimento produzido (i.e. novos artigos) 

quanto a sua disseminação (i.e. novas citações).  

Em termos de originalidade, a investigação realizada é única no que concerne a 

abordagem dada ao objeto de investigação, contribuindo para preencher uma lacuna na 

literatura da cienciometria, sobretudo, no que diz respeito a influência da colaboração entre 
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os pares na produtividade científica de investigadores de renomado desempenho 

acadêmico, bem como na determinação da gama esperada de co-autores e dos seus 

contributos marginais, a fim de maximizar a produtividade científica.      

 Relativamente ao artigo 4, trata-se de um desdobramento de uma discussão iniciada 

no artigo 2. Uma vez que não se verificou influência direta dos incentivos fiscais para as 

atividades de I&D na capacidade de inovação das empresas portuguesas, buscou-se um 

maior aprofundamento da questão por meio da utilização de um Modelo de Equações 

Estruturais para a análise do possível poder de mediação dos atributos organizacionais no 

relacionamento entre os incentivos fiscais para as atividades de I&D e a capacidade de 

inovação, consubstanciada nos ativos intangíveis. 

 Nessa perspectiva, o artigo 4 caracteriza-se como outra investigação exploratória, 

empírica e com abordagem quantitativa (Cooper & Schindler, 2014; Creswell, 2014; 

Saunders et al., 2007), cujo objetivo foi avaliar como os incentivos fiscais para as 

atividades de I&D influenciam os atributos organizacionais das empresas portuguesas e 

são convertidos em inovação.  

 Para a concretização desse objetivo, foram coletados dados sobre os incentivos 

fiscais para as atividades I&D, nomeadamente, do Sistema de Incentivos Fiscais de Apoio 

à Investigação e Desenvolvimento nas Empresas (SIFIDE), na base de dados da 

Autoridade Tributária e Aduaneira de Portugal e, sobre os atributos organizacionais tais 

como o ativo intangível, bens de capital, recursos humanos e financeiros e a idade, na base 

de dados do SABI (Bureau Van Dijk., 2020). 

Após a análise de 3.156 empresas foi desenvolvido um modelo de investigação 

estrutural constituído por 339 empresas que beneficiaram do SIFIDE, durante o período de 

2013 a 2016. O modelo foi validado utilizando a técnica estatística multivariada da 

Modelagem de Equações Estruturais com a estimação pelos Mínimos Quadrados Parciais 

(Partial least squares structural equation modeling-PLS-SEM).  

Os resultados encontrados trazem evidências empíricas de como os incentivos 

fiscais para as atividades de I&D potencializam os atributos organizacionais que formam 

as bases da capacidade de inovação das empresas, contribuindo tanto para a literatura sobre 

a inovação quanto para à relacionada aos incentivos fiscais para as atividades de I&D.  
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Em outros termos, os resultados da presente investigação trazem uma série de 

implicações teóricas e práticas que podem ser utilizadas tanto pelos formadores de 

políticas públicas, em matéria de inovação, quanto pelas empresas para a criação de valor 

por meio do uso dos incentivos fiscais para promover as atividades de I&D e, 

consequentemente, a inovação. 

Relativamente à sua originalidade, a investigação em questão constitui-se como 

uma das primeiras evidências empíricas da influência dos incentivos fiscais para as 

atividades de I&D nos atributos organizacionais que formam as bases da capacidade de 

inovação das empresas, preenchendo uma lacuna existente na literatura sobre a falta de 

evidências empíricas da efetividade do uso dos referidos incentivos (Gokhberg et al., 

2014).  

 Diante dos resultados encontrados no Artigo 4, no qual torna-se evidente a 

importância dos incentivos fiscais para as atividades de I&D no fortalecimento dos 

atributos organizacionais que formam as bases da capacidade de inovação, o artigo 5 teve 

como objetivo investigar como as empresas têm se utilizado do Big Data, considerado uma 

promissora fonte para a promoção da inovação (Gobble, 2013).  

Nesse sentido, o Artigo 5 traduz-se numa revisão sistemática da literatura (Booth et 

al., 2016; Okoli & Schabram, 2010), que teve por finalidade identificar como o Big Data e 

as suas estratégias têm sido utilizadas para promover a inovação no âmbito empresarial, 

com o intuito de discutir caminhos para a implementação bem-sucedida da Estratégia 

Europeia para os Dados, contribuindo tanto para a literatura sobre o Big Data quanto para a 

relativa à inovação de maneira geral. 

Da análise realizada nas bases de dados da Web of Science e Scopus foram 

encontrados 25 artigos, dos quais 11 foram selecionados e lidos integralmente. Os 

resultados encontrados apontam que as empresas têm centrado-se no desenvolvimento de 

modelos e estratégias para a adoção do Big Data que comumente fracassam ao não 

considerar as necessidades e particularidades de cada negócio.  

Nesse sentido, os resultados sugerem que para além do estabelecimento de um 

ecossistema propício para o aproveitamento das oportunidades com o uso do Big Data, 

para que a Estratégia Europeia para os Dados tenha maiores chances de êxito, deve ser 
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capaz de fomentar o desenvolvimento de capacidades dinâmicas para que as Pequenas e 

Médias Empresas consigam (re)configurar os seus recursos, rotinas e modelos de negócios 

para apropriação de valor por meio do uso do Big Data.  

A referida investigação é a primeira a relacionar o Big Data com a Estratégia 

Europeia para os Dados. Nessa conformidade, a sua originalidade fundamenta-se na 

identificação de ineficiências na adoção do Big Data por parte das empresas, possibilitando 

insights que podem ser úteis para a implementação bem-sucedida da Estratégia Europeia 

para os Dados, algo que no momento se encontra em curso e cujas investigações são 

inexistentes. 

O cerne do desenvolvimento de alta qualidade para um determinado país 

fundamenta-se na transição de uma economia baseada nos fatores clássicos de produção 

para uma dirigida pela inovação, de forma que esta torna-se central para o 

desenvolvimento econômico por impulsionar tanto a competitividade quanto o crescimento 

econômico. Conscientes do papel central da inovação e, sobretudo, dos riscos e obstáculos 

para o seu desenvolvimento (i.e. externalidades, incertezas, altos riscos e outras falhas de 

mercado), governos de diversos países têm adotado políticas para guiar e intervir de forma 

positiva nas atividades privadas de inovação (Qi et al., 2020). 

Nessa conformidade, as políticas utilizadas para estímulo das atividades de 

inovação no setor privado sustentam-se em grande medida pela percepção de que as 

mesmas são necessárias para a promoção do crescimento econômico a longo prazo (Wu et 

al., 2007). 

Considerando-se o fato de que a inovação encontra-se no âmago das empresas e 

países que buscam o aumento da produtividade e do crescimento econômico e, que para 

tal, a melhoria dos processos de inovação torna-se algo crucial (Yigitcanlar et al., 2019), a 

relevância geral da presente investigação fundamenta-se precisamente na apresentação de 

uma discussão holística dos diferentes mecanismos e elementos constituintes da tríade 

governo-indústria-academia que podem contribuir para potencializar os processos de 

inovação, consubstanciando-se em uma proposta de macroarquitetura cíclica de inovação 

com implicações tanto para a competitividade quanto para o crescimento econômico.  

Em termos de contributos práticos, a referida investigação traz indícios de que os 
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investimentos públicos em ciência e tecnologia em conjunto com os incentivos fiscais para 

as atividades de I&D possuem um papel fundamental para a promoção da inovação e dos 

atributos organizacionais que formam as bases da capacidade de criação de novos 

produtos/serviços/processos das empresas, contribuindo para o desenvolvimento de uma 

nova perspectiva sobre a competitividade e a criação de vantagem competitiva.  

Adicionalmente, os resultados encontrados sugerem que a inovação não é 

determinada por um fator isolado. Nesse sentido, para que os níveis agregados de inovação 

sejam potencializados, quer a nível empresarial, regional ou nacional, torna-se necessário 

que os formadores de políticas públicas, em termos de inovação, bem como as empresas 

em geral, compreendam a inovação como o resultado de uma cadeia de relacionamentos 

entre os investimentos públicos em ciência e tecnologia, os incentivos fiscais para 

atividades de I&D, a investigação científica e a criação de condições internas favoráveis 

(i.e. recursos e competências) que possibilitem o tratamento do Big Data. 

 Além desta introdução geral, a presente investigação estrutura-se em cinco pontos. 

A seguir à introdução geral apresenta-se o contexto teórico e o posicionamento das 

investigações face ao estado da arte, no qual se discutem brevemente os conceitos-chave, 

as investigações realizadas até o momento e como cada investigação constituinte da 

referida tese contribui para o seu campo específico de conhecimento. De seguida são 

apresentados os artigos originais publicados, seguindo a mesma ordem estabelecida na 

figura 1, precedidos de informações preliminares, dentre as quais destacam-se os 

contributos individuais do autor do referido estudo e os main highlights de cada 

investigação. Finalmente, são apresentadas as conclusões gerais numa perspectiva 

integradora, assim como as referências utilizadas e, uma seção destinada a outras 

investigações realizadas durante o percurso doutoral. 
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2. Contextualização teórica e posicionamento das investigações realizadas 
face ao estado da arte  
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2.1 Patentes e Inovação no Brasil 

Ao longo dos últimos 20 anos, o governo brasileiro tem se dedicado a estabelecer 

políticas e programas para o fortalecimento da capacidade de inovação do país, dentre as 

quais o aumento nos gastos em Ciência e Tecnologia, o incentivo à colaboração indústria-

universidade e a criação de instituições para facilitar gastos privados em I&D (Reynolds et 

al., 2019).  

Nessa perspectiva, os investimentos em inovação estão fundamentados na 

racionalidade de que os mesmos podem resultar em produtos e processos que contribuam 

de maneira substancial para o crescimento econômico e a competitividade das nações 

(Tajaddini & Gholipour, 2020). 

Todavia, a despeito da relativamente forte base científica brasileira, bem como das 

políticas implementadas para melhorar o uso estratégico da propriedade intelectual, o 

Brasil tem apresentado um desempenho abaixo da média no que diz respeito ao número de 

pedidos de depósitos de patentes, o que pode estar relacionado com a baixa proporção de 

investigadores nas empresas e com o tempo relativamente longo para a concessão de uma 

patente (Cota et al., 2016; Frischtak, 2019). 

Considerando-se a revolução tecnológica, cujo paradigma fundamenta-se no 

conhecimento, torna-se cada vez mais importante o papel das patentes para o 

desenvolvimento de políticas públicas, sobretudo, no que se refere ao papel das 

universidades na promoção de conhecimentos passíveis de serem convertidos em inovação 

(Cóser et al., 2018). 

Partindo da premissa de que os dados relativos às patentes podem ser considerados 

indicadores importantes da capacidade de inovação, a sua análise pode fornecer 

informações úteis para o desenvolvimento de políticas de Ciência e Tecnologia, incentivos 

e políticas de inovação para a promoção do desenvolvimento econômico (Silva et al., 

2017). 

Dentre as vantagens das patentes para a análise da produção do conhecimento 

tecnológico, ressalta-se o seu potencial de representação do resultado do processo 

inventivo, consubstanciando-se pela possibilidade de verificação da sua aplicabilidade 
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industrial, grau de novidade e comparabilidade entre pesquisadores, regiões e países (Cóser 

et al., 2018). 

No Brasil, existe uma clara preocupação acerca do papel do ambiente acadêmico 

para o desenvolvimento de um ambiente de inovação. Estudos recentes têm se dedicado à 

avaliação dos portfólios de patentes acadêmicas (Leite et al., 2019), a determinação da 

influência dos inventores acadêmicos nos pedidos de depósitos de patentes (Silva et al., 

2017), bem como a avaliação da influência da qualidade regulatória dos processos de 

transferência tecnológica universitária nos pedidos de depósitos e concessões de 

licenciamentos de patentes (Soares et al., 2020). 

Somando-se a isso, outras investigações têm se centrado em questões mais 

específicas como o impacto da produção do conhecimento e das políticas públicas nos 

pedidos de depósitos de patentes nas áreas das Ciências da Vida e da Saúde (Cóser et al., 

2018), a comparação entre o Brasil e a Espanha no que diz respeito a influência das redes 

de inovação interorganizacionais nos pedidos de depósitos de patentes na área de 

Biotecnologia (Gomes et al., 2017) e, a análise sobre os pedidos de depósitos de patentes 

na área farmacêutica (Vasconcellos & Morel, 2012), de produtos fitoterápicos e 

fitocosméticos (Frickmann & Vasconcellos, 2011; Vasconcellos et al., 2005).   

Até a presente data, apenas uma investigação, nomeadamente, a realizada por 

Tajaddini e Gholipour (2020), foi feita com o intuito de avaliar diversos sistemas de 

pedidos de patentes, incluindo o do Brasil. Após analisarem os relacionamentos existentes 

entre as novas políticas económicas baseadas na incerteza, gastos em I&D e os resultados 

de inovação de 19 países, incluindo o Brasil, os referidos autores encontraram evidências 

empíricas de que altos níveis de políticas econômicas baseadas na incerteza possuem 

influência positiva nos gastos em I&D e nos resultados de inovação, traduzidos em pedidos 

de depósitos e concessões de patentes e nos registros de marcas. 

Tomando-se como parâmetro as investigações realizadas, é possível afirmar que há 

uma lacuna na literatura acerca da influência de um conjunto mais amplo de inputs nos 

resultados de inovação no Brasil, circunscritos em pedidos de depósitos de patentes, pelo 

que a investigação “Big data analytics on patents for innovation public policies”, 

apresentada no referido estudo, preenche essa lacuna ao apresentar evidências empíricas da 
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influência de um conjunto de Indicadores Nacionais de Ciência e Tecnologia nos pedidos 

de depósitos de patentes feitos por residentes brasileiros, em diversos sistemas de pedidos 

de depósitos de patentes pelo mundo. 

2.2 Open Innovation em Portugal  

A difusão tecnológica tem exercido um impacto profundo nos sistemas 

econômicos, forçando as empresas a realizarem mudanças estruturais para se adaptarem a 

um novo ambiente de negócios expandido, sobretudo, no que concerne ao processo de 

inovação fundamentado no estabelecimento de relacionamentos com universidades, 

consumidores, fornecedores e outros agentes de canais de distribuição (Milici et al., 2021). 

Todavia, a implementação de uma inovação pode ser um processo complexo em 

decorrência das interrelações, mecanismos e instrumentos necessários para a identificação 

de oportunidades, análise da viabilidade, desenvolvimento e lançamento de algo 

essencialmente novo, na forma de um produto ou serviço (Iglesias-Sánchez et al., 2019). 

Nessa perspectiva, a Open Innovation torna-se central para a promoção da melhoria 

das condições de um negócio. Diante dos novos desafios do século XXI, as organizações 

devem ser mais abertas e colaborativas, sobretudo, no que diz respeito ao desenvolvimento 

de produtos ou conceitos em conjunto com os clientes, fornecedores e até mesmo 

competidores (Ramesh et al., 2018).  

Em outras palavras, as organizações devem possuir a capacidade de ambidestria, 

entendida como a aptidão para resolver a tensão entre a exploração e a utilização de 

competências, recursos e capacidades, fundamentada na combinação de fontes de 

conhecimentos internas e externas, garantindo a integração e o alinhamento dos mesmos 

por meio de uma estratégia dinâmica (Silva et al., 2021). 

Comparativamente a outros países, Portugal apresenta-se de maneira inferior no 

que concerne à propensão a Open Innovation. De maneira sintomática, há uma escassez de 

cultura empreendedora, bem como a falta de abertura para redes e alianças (Fernandes & 

Castela, 2019).  
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As evidências empíricas têm apontado para o fato de que as empresas portuguesas 

tendem a compartilhar modelos de inovação fechada, quando comparadas com aquelas que 

operam em países em estágios tecnologicamente mais avançados. Essencialmente, o 

modelo de Open Innovation adotado tem sido amplamente baseado na aquisição externa de 

conhecimentos e tecnologias (Hochleitner et al., 2020; Teixeira & Lopes, 2012). 

Apesar do fraco desempenho português em termos de Open Innovation - ou talvez 

por causa dele -, diversas investigações têm sido feitas tendo como objeto de investigação 

o relacionamento das Pequenas e Médias Empresas com a Open Innovation, sobretudo, no 

que diz respeito ao perfil e perspectivas das mesmas face à Open Innovation, causas e 

efeitos dos determinantes da Open Innovation, a propensão para adoção da Open 

Innovation por parte desses empreendimentos e a relação entre as estratégias inteligentes 

de inovação e o desempenho inovador (Cardoso & Ramos, 2016; Carvalho & Moreira, 

2015; Cesário & Fernandes, 2019; Milici et al., 2021; Ramesh et al., 2018; Silva et al., 

2021). 

Dentre as investigações realizadas, merece destaque a de Cesário e Fernandes 

(2019). Os autores encontraram evidências empíricas que sugerem que a eficácia das 

estratégias de inovação depende não só da expansão espacial das redes de colaboração, 

mas também da quantidade de diferentes parceiros.  

Outras investigações têm se focado na análise do desenvolvimento de colaborações 

entre as indústrias e as universidades (Calvo et al., 2018; Costa et al., 2020; López et al., 

2015), com destaque especial para López et al. (2015), que ao investigarem a colaboração 

Indústria-Universidade na Espanha, Portugal e França, encontraram evidências de que (i) 

as empresas mais inovadoras tendem a ter mais interesse na colaboração com as 

universidades; que (ii) os determinantes da cooperação diferem entre empresas high-tech e 

empresas de baixa intensidade tecnológica e; que (iii) as empresas portuguesas e 

espanholas possuem menos interesse na colaboração do que as empresas francesas.  

Somando-se a isso, recentemente têm sido feitas uma profusão de investigações 

sobre os mais variados temas e a sua relação com a Open Innovation, tais como os efeitos 

das estratégias e da gestão de recursos humanos na governança de organizações 

portuguesas sem fins lucrativos e as suas influências na Open Innovation (Oliveira et al., 
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2021); os efeitos da Open Innovation e das políticas públicas no desenvolvimento de eco-

inovações, a partir da avaliação das práticas de inbound e outbound (Leitão et al., 2020); a 

adoção de novas ferramentas para a produção de veneno de abelha, a partir da perspectiva 

da Open Innovation (Serrinha et al., 2019); a aplicação da Open Innovation pelo setor do 

Turismo em Portugal e Espanha (Iglesias-Sánchez et al., 2019); a solução de problemas a 

partir da Open Innovation (Au-Yong-Oliveira et al., 2018); o papel das aceleradoras de 

startups e dos Parques Científicos na Open Innovation em Portugal e no Brasil (Fernandes 

et al., 2018; Fernandes & Castela, 2019; Silva et al., 2020); a influência do contexto na 

Open Innovation, considerando-se países como a Bulgária, Portugal e Alemanha (Arbussã 

& Llach, 2018); as fontes e os setores mais envolvidos com a Open Innovation em 

Portugal e a relação entre a capacidade de inovação e o desempenho financeiro (Fernandes 

et al., 2013; Fernandes et al., 2017); bem como entre a ambidestria organizacional e a 

capacidade de inovação (Felício et al., 2019). 

Considerando-se toda a gama de investigações realizadas até o momento, é possível 

afirmar que há uma lacuna na literatura acerca dos determinantes da capacidade de 

inovação nas empresas portuguesas e os seus possíveis relacionamentos com a Open 

Innovation, pelo que a investigação “Drivers of Innovation Capacity and Consequences for 

Open Innovation”, apresentada no referido estudo, preenche essa lacuna ao apresentar 

evidências empíricas da influência de fluxos específicos de conhecimentos - inbounds e 

outbounds - na capacidade de inovação das empresas portuguesas e como os mesmos 

podem ser combinados para a promoção e o fortalecimento da Open Innovation em 

Portugal. 

2.3 Colaboração entre os pares e Produtividade Científica  

Na atual sociedade do conhecimento, caracterizada pela hiperconexão, vínculos 

interdisciplinares complexos e o desenvolvimento de novas tecnologias em ritmo 

constante, a co-criação do conhecimento tem recebido grande destaque como uma 

possibilidade significativamente ampliada (Lazcano-Peña & Reyes-Lillo, 2020), 

transformando a ciência em uma atividade marcada pela colaboração fundamentada em 
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interações locais e globais para a construção de redes de colaboração auto-organizadas 

(Özmen et al., 2016).  

Considerando-se o fato de que o paradigma atual de investigação fundamenta-se na 

interdisciplinaridade, heterogeneidade e intensificação das relações entre os criadores do 

conhecimento (Frutos-Belizón et al., 2019), a colaboração entre os pares pode ser 

considerada uma importante força no desenvolvimento científico, uma vez que possibilita 

a efetiva concretização dos aspectos de complementaridade dos conhecimentos, da 

integração de recursos e da interdisciplinaridade (Liu et al., 2019; Yan & Guan, 2018). 

Diante dessa perspectiva, diversas investigações têm se dedicado a analisar a 

influência da colaboração na produtividade científica (Benevenuto et al., 2016; Cainelli et 

al., 2015; Contandriopoulos et al., 2018; Cruz-Ramírez et al., 2020; di Bella et al., 2021; 

Gaughan et al., 2018; Gonzalez-Brambila, 2014; Hernández, 2013; Kastrin et al., 2018; 

Liu et al., 2019; Rotolo & Petruzzelli, 2013; Zdravkovic et al., 2016).  

Dentre o rol de investigações realizadas, merecem destaque as de Liu et al. (2019), 

Kastrin et al. (2018), Benevenuto et al. (2016) e Love et al. (2021). 

Liu et al. (2019) encontraram evidências empíricas de que o relacionamento entre 

aprendizes e mentores é mutuamente benéfico. Os autores apontam que se por um lado os 

aprendizes auferem vantagens em termos de produtividade e influência científica, por meio 

do apoio dos recursos dos seus mentores, estes também se beneficiam ao aumentarem a sua 

produtividade científica.  

Ao avaliarem o desempenho científico dos investigadores principais em 

comparação com os demais investigadores, Kastrin et al. (2018) encontraram evidências 

empíricas que sugerem que os investigadores principais são em média mais produtivos e 

possuem carreiras mais longevas do que os demais investigadores. 

Benevenuto et al. (2016) trazem outra descoberta interessante, sobretudo, por 

constituir-se em um paradoxo. Ao analisarem a influência da colaboração na produtividade 

científica mensurada pelo índice h, os autores encontraram evidências empíricas que 

sugerem que o índice h dos co-autores é geralmente maior do que o do autor principal de 

uma investigação. 

Adicionalmente, Love et al. (2021) encontraram evidências empíricas que destacam 
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o importante papel dos relacionamentos interpessoais desenvolvidos dentro das equipes de 

investigação. Os resultados encontrados pelos autores sugerem que os relacionamentos 

interpessoais desenvolvidos dentro das equipes de investigação são fatores determinantes 

da produtividade científica. 

A despeito das investigações realizadas sobre a colaboração e a produtividade 

científica, outras investigações têm se concentrado na análise de questões mais específicas, 

como o uso da análise de redes para a avaliação da produtividade em um determinado 

contexto, nomeadamente o da Biotecnologia para Engenharia (Lathabai et al., 2017); a 

análise de redes para a avaliação das estruturas internas das redes de migrações de 

acadêmicos russos e americanos, na área da Física (Dyachenko, 2017); a influência da 

gestão do conhecimento na criação do conhecimento e na organização do trabalho 

científico em equipe (Masmoudi et al., 2017; Tian et al., 2009); a análise da influência da 

composição das equipes na produtividade científica (Stvilia et al., 2010); bem como a 

influência da internacionalização na produtividade científica (Haydari & Smead, 2015), 

cujos resultados têm variado, com evidências tanto de influências positivas quanto 

negativas.  

Embora diversos estudos tenham sido feitos sobre a colaboração entre os pares e a 

produtividade científica, é possível afirmar que há uma lacuna na literatura sobre a 

influência da colaboração entre os pares sobre a produtividade de indivíduos de renomado 

desempenho acadêmico, como os laureados com o Nobel de Economia, bem como acerca 

da gama esperada de co-autores e dos seus contributos marginais, pelo que a investigação 

“The Creation and Dissemination of Scientific Knowledge: An empirical analysis of 

Economic Nobel Prizes and Open Innovation scientific performance”, apresentada no 

referido estudo, preenche essa lacuna ao apresentar evidências empíricas que sugerem que 

mesmo os mais proeminentes investigadores de uma determinada área do conhecimento se 

beneficiam da colaboração entre os pares, sendo inclusive, muito eficientes na utilização 

das suas redes de colaboração. 

2.4 Incentivos Fiscais para as atividades de I&D e Inovação  
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Em decorrência da percepção generalizada de que a inovação é responsável pelo 

crescimento econômico e das receitas fiscais, governos de diversos países têm advogado e 

adotado subsídios e incentivos fiscais para as atividades de I&D como ferramentas de 

estímulo para atração e realização de investimentos em I&D (Balsalobre-Lorente et al., 

2021; Huang et al., 2020), partindo da premissa de que a inovação pode ser 

fundamentalmente estimulada pelo aumento da alocação de recursos nas atividades de 

I&D, bem como pela obtenção de vantagens tecnológicas (Xu & Xu, 2013). 

Os incentivos fiscais constituem uma das ferramentas mais antigas para o estímulo 

das atividades de inovação, sendo responsáveis pela redução dos seus custos, aumentando 

de forma potencial os esforços em inovação privados e a possibilidade de 

desenvolvimentos de produtos e processos com maiores níveis de novidade (Santos et al. 

2020). 

Somando-se a isso, possuem a vantagem de generalização, uma vez que são 

instrumentos orientados para o mercado e que podem ser utilizados por qualquer empresa, 

diferentemente dos subsídios, que são direcionados para empresas e projetos específicos 

(Buyse et al., 2020). 

Em última análise, os incentivos fiscais para as atividades de I&D pretendem 

reduzir os custos dos investimentos nas atividades de I&D e reduzir a dívida tributária para 

que a rentabilidade privada aumente e a atividade de inovação se aproxime do seu nível 

social ótimo (Martínez-Azúa & Ros, 2008), na medida em que existe uma relação em 

formato de U entre os impostos de capital e os investimentos em atividades de I&D 

realizados pelas empresas.  

De outro modo, consoante os impostos de capital decrescem, os investimentos em 

atividades de inovação aumentam (Nechaev & Antipina, 2015), de maneira que a 

efetividade dos incentivos fiscais para as atividades de I&D depende significativamente da 

sua capacidade em diminuir os custos das atividades de I&D das empresas, de forma que 

as mesmas possam realocar estrategicamente os seus recursos (Tassey, 2007).  

No que diz respeito a operacionalização dos incentivos fiscais para as atividades de 

I&D, as empresas estão aptas a receberem os incentivos fiscais apenas após realizarem 

investimentos em inovação e gerarem lucros tributáveis, o que em outras palavras significa 
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dizer que os investimentos em inovação já devem ter sido realizados e que algum lucro 

tenha sido gerado (Crespi et al., 2016). 

Além dessa condição, uma das preocupações tanto de pesquisadores quanto de 

formuladores de políticas para promoção da inovação, por meio de incentivos fiscais para 

as atividades de I&D, reside no fato de que as empresas podem renomear gastos já 

existentes com I&D, com a pretensão de obterem vantagens fiscais ou simplesmente 

ignorar os incentivos, caso não sejam compatíveis com as atividades de I&D existentes, o 

que poderiam elevar os custos de implementação desse tipo de política de incentivo à 

inovação (Bloom et al., 2019; Tassey, 1996).  

Em outras palavras, a possibilidade do risco moral constitui-se em uma das 

desvantagens dos incentivos fiscais para as atividades de I&D, na medida em que as 

empresas podem adotar comportamentos oportunistas como redirecionar atividades que 

seriam feitas de outra maneira ou que seriam conduzidas de qualquer forma para obterem 

vantagens indevidas por meio dos incentivos fiscais para as atividades de I&D (Crespi et 

al., 2016).  

Até a presente data, diversas investigações foram realizadas sobre a demanda por 

subsídios e incentivos fiscais para atividades de I&D, bem como os seus impactos no 

desempenho e gastos com as atividades de I&D (Buisseret et al., 1995; Busom et al., 2017; 

Gokhberg et al., 2014; Jose et al., 2019).  

Somando-se a isso, as evidências encontradas têm sugerido que os subsídios e 

incentivos fiscais para as atividades de I&D têm influenciado positivamente mais nas 

atividades de desenvolvimento do que na investigação, no que se refere a composição dos 

gastos em I&D, na concepção de inovações tecnológicas e comerciais, em termos de novos 

e melhorados produtos, na qualidade da inovação, mensurada pelo número de citações e 

ranking de patentes, bem como nos gastos em I&D a nível de empresas e países (Aralica & 

Botrić, 2013; Avellar, 2009; Avellar & Botelho, 2016; Bloom et al., 2019; Brown et al., 

2017; Chen & Gupta, 2017; Huang et al., 2020; Jose et al., 2019; Mardones & Natalia, 

2020). 

A despeito das investigações realizadas, há uma lacuna na literatura na cadeia de 

causalidade que envolve inovação, produtividade e resultados econômicos (d’Andria et al. 
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2018), pelo que a investigação “R&D tax incentives and innovation: unveiling the 

mechanisms behind innovation capacity”, apresentada no referido estudo, preenche essa 

lacuna ao apresentar evidências empíricas da influência dos incentivos fiscais para as 

atividades de I&D nos elementos que formam as bases da capacidade de inovação das 

empresas, bem como no desenvolvimento e comercialização de novos produtos, 

consubstanciados na influência direta dos incentivos fiscais nas vendas, controlada pelos 

ativos intangíveis. 

2.5 Big Data e Inovação  

A utilização de grandes conjuntos de dados tem moldado as práticas governamentais, 

o desenvolvimento internacional e a forma como a ciência básica é feita, oferecendo um 

conjunto de novas oportunidades para o desenvolvimento de inovações que geram dados 

que permitem a criação de novos produtos, bem como a adição de valor a produtos antigos  

(Gobble, 2013). Neste sentido, a análise de dados contribui fortemente para a concepção de 

novas ideias e inovações que beneficiam não só os consumidores, mas também a sociedade 

em geral (Cavoukian & Castro, 2014). 

Além disso, a identificação de novas tecnologias através de um vasto conjunto de 

dados tem sido objeto de estudos em áreas como a previsão de ações, fundos de 

investimento em novas tecnologias, e planejamento governamental para investimentos em 

investigação. Em alguns casos, é possível observar uma correlação entre as tendências das 

novas tecnologias e o mercado bolsista (Segev et al., 2013). 

Neste sentido, na medida em que as características peculiares das bases de dados 

apresentam enormes desafios para a sua utilização, especialmente em termos de 

armazenamento, gestão, análise e aplicação de soluções, também oferecem oportunidades 

de crescimento e desenvolvimento de inovações através do Data Oriented Marketing, 

Design Oriented Innovation e Crowd Innovations (Morabito, 2015a; Zhang et al., 2013).  

Por exemplo, a utilização de ferramentas como o MapReduce ajuda no processo de 

desenvolvimento de inovações para empresas de tecnologia da informação; enquanto a 

agregação e manipulação da informação subsidia e reforça o desenvolvimento de novas 

aplicações baseadas na Internet das Coisas (IoT) (Zhang et al., 2013). 
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mencionar o fato de que a análise de um vasto conjunto de dados sobre os mais variados 

comportamentos de consumo em tempo real, permite às empresas oferecer recomendações 

personalizadas de produtos e serviços (Morabito, 2015b; Zhang et al., 2013).  

Em qualquer caso, os métodos empresariais tradicionais de tomada de decisão 

baseados na experiência e intuição, estão gradualmente a ser substituídos por métodos 

baseados na análise de um vasto conjunto de dados, que são agora considerados um fator-

chave no desenvolvimento de inovações e, consequentemente, no aumento da 

competitividade das empresas, ao reduzir perdas desnecessárias, bem como na eficiência 

dos processos de inovação (Li et al., 2020). 

Diversas investigações têm se centrado em modelos para a implementação do Big 

Data por parte das empresas (Al-Qirim et al., 2017; Chen et al., 2016; Jedlitschka, 2017; 

Kabir & Carayannis, 2013; Lakoju & Serrano, 2017; Mazzei & Noble, 2017; Sun et al., 

2020; Unhelkar & Askren, 2020), sobretudo, com o intuito da obtenção de vantagens 

competitivas sustentáveis.  

Por outro lado, outras investigações realizadas têm focado-se em aplicações mais 

concretas do Big Data como ferramentas para a inovação por meio da utilização de dados 

provenientes dos usuários (Brown, 2017; Trabucchi et al., 2018) e na inovação de produtos 

por parte das Pequenas e Médias Empresas (Lacam, 2020).  

No entanto, investigações que relacionem o Big Data com o desenvolvimento de 

políticas públicas que promovam o acesso à serviços e infraestruturas de dados 

permanecem escassas, pelo que a investigação intitulada “Big Data, European Data 

Strategy, And Innovation: A Systematic Review of the Literature” apresentada no referido 

estudo, preenche essa lacuna ao apresentar indícios de como o Big Data e as suas 

estratégias têm sido utilizadas para promover a inovação no âmbito empresarial, 

discutindo-se caminhos para a implementação bem-sucedida da Estratégia Europeia para 

os Dados. 
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3. Investigações Originais Realizadas  
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Artigo 1: Big data analytics on patents for innovation public policies - Informações 

preliminares. 
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Natureza da Investigação: Quantitativa;  
Objetivos da Investigação: Exploratórios; 
Procedimentos Técnicos Adotados: Análise de dados secundários com recurso à utilização da 
técnica estatística de Regressão Simples baseada no Método dos Mínimos Quadrados Ordinários 
(OLS); 
Status: Publicado;  
Ano da publicação: 2021 
Periódico: Expert Systems;  
Classificação do Periódico (Scimago Journal & Country Rank): Q2/Q3; 
Base de Indexação: Scopus; 
Contributos Individuais: Análise Formal; Investigação; Escrita do Manuscrito Original; Revisões 
e edições finais.  

Main Highlights 

• A investigação buscou identificar quais fatores explicam os pedidos de depósitos de patentes, 

feitos por residentes brasileiros, em escritórios de patentes no Brasil, Estados Unidos, Europa e 

famílias de patentes triádicas; 

• Foram analisados dados relativos a investimentos públicos e privados feitos pelo governo 

brasileiro em Ciência e Tecnologia (C&T), durante o período compreendido entre 2000 e 2017, 

bem como outras informações tais como a produção científica e o número de investigadores 

governamentais, privados e das universidades;  

• Assumiu-se o número de pedidos de depósitos de patentes como proxy da capacidade de 

inovação, que em última análise é influenciada por diferentes fatores. Mais especificamente, os 

investigadores universitários, os investimentos públicos em ciência e tecnologia e a produção 

científica são as variáveis mais influentes nos pedidos de depósitos de patentes no Brasil, nos 

Estados Unidos e na Europa, respectivamente. 
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Abstract

This study seeks to answer the following research question: “What factors can

explain the number of patent filing requests made by residents in Brazil at patent

offices in Brazil, the United States, Europe, and triadic patent families?”. The methods

used in this research are quantitative, using big data from private and public invest-

ments in Science and Technology, and about patent deposit numbers in Brazil from

2000 to 2017. A model of linear regression was performed and explains how these

investments in Science and Technology influence patent deposit numbers. The

results of this research study point towards the importance of universities, up and

beyond the traditional training and education aspect of university activity. The impor-

tance of public and private innovation investments is also shown to be important.

This study shows that the patent registrations in the different regions under analysis

are affected by different factors. There is thus no single formula towards the creation

of innovation output and governments would do well to continue to invest in higher

education while also investing in public research and development activities. Addi-

tionally, and not least important, private entities should be continually encouraged to

make innovation investments and favourable government policies need to thus exist

for this to happen. Finally, the low numbers regarding patent filings in Brazil may be

linked to institutional deficiencies in the country. Patent breaches may be difficult to

punish, and the judicial system may be slow and untrustworthy, compared to the

United States and to Europe—leading to diminished patent registrations in Brazil. A

set of implications and recommendations for policy derived from this study and will

be strategic for policymakers.

K E YWORD S

analytics, innovation output, patents, public policies, residents in Brazil

1 | INTRODUCTION

This exploratory study aims to analyse patent filings in Brazil, the United States and in Europe, by residents in Brazil. The Research Question

(RQ) under analysis is “What factors can explain the number of patent filing requests made by residents in Brazil at patent offices in Brazil, the

United States, Europe, and triadic patent families?”
Innovation in public policy has an essential role in influencing the competitive capacity of companies and is strongly associated with their abil-

ity to innovate and the way they are organized. The concept of innovation can be translated as “the successful production, assimilation, and

exploitation of novelty,” according to the Green Paper on Innovation from the European Commission (1996) and according to the Oslo Manual

(OECD, 2005). The concept is then structured around three pillars: the renovation and enlargement of the range of products and services and the

Received: 30 October 2020 Accepted: 4 January 2021

DOI: 10.1111/exsy.12673

Expert Systems. 2021;e12673. wileyonlinelibrary.com/journal/exsy © 2021 John Wiley & Sons, Ltd 1 of 10
https://doi.org/10.1111/exsy.12673

https://orcid.org/0000-0001-8633-4199
https://orcid.org/0000-0003-0989-6600
https://orcid.org/0000-0002-5783-6613
https://orcid.org/0000-0002-2154-6171
https://orcid.org/0000-0002-0816-1445
mailto:fmoreira@uportu.pt
http://wileyonlinelibrary.com/journal/exsy
https://doi.org/10.1111/exsy.12673
Cicero Eduardo de Sousa Walter 
27



associated markets; the creation of new methods of production, supply and distribution; and the introduction of changes in management, work

organization, and skills of the workforce—organizational innovation. All of those types of innovation can be translated into patents, contributing

to create added value and differentiation for companies. Furthermore, the political, economic and social context that has been experienced in

recent years led to a commitment to innovation in a concerted and integrated way—not only technologically, but, also, at the organizational level.

In this context, Public Policies can play an important role by promoting programs that contribute to improving the way companies invest in their

capacity for innovation and become more open to patent their products and services, increasing their competitive capacity.

The innovativeness of this research is based on the capture in a single analysis of the complex nature of the relationships between patents,

innovation, information dissemination, and competitiveness. The study also focused on the analysis of several patent systems with specificities

which affect the innovation policies and innovation processes in organizations. This article bring light to the factors that can explain the number

of patent filing requests made by residents in Brazil at patent offices in Brazil, the United States, Europe, and triadic patent families.

The joint analysis of the constructs regarding patents, the big data available in the government systems regarding the requests by the inven-

tors, and the public policies role in the process to facilitate and increment innovation is also an innovative approach of this research, with the goal

to create new knowledge for new innovation policy development. These constructs will be defined and analysed in the following sections of the

article, which proceeds with a theoretical section (involving big data, public policy and patents), followed by a methodology section. Conclusions

and implications are then discussed, as are research limitations and suggestions for future research.

2 | BIG DATA IN INNOVATION IN PUBLIC POLICIES—A THEORETICAL FRAMEWORK

2.1 | Big data analytics conceptualization

Big Data analytics integrates several methodologies to accurately anticipate and make predictions in the context of complex organizational sce-

narios. Big data is becoming increasingly valuable to research and innovation. Ultimately, big data analytics may help any industry to find out the

blind spots in an organization, which departments are doing better and to use the strategy in other departments for improvement.

Big data has been a critical factor to policy, not only in terms of developing new innovation policies, but also in providing structure and analyt-

ics for decision making. The implementation of predictive analytic methods for identifying potential innovation program improvements for the

challenges that are faced by society, organizations, and citizens is a reality.

Analytics measures organizational results and outcomes, using different methods: descriptive and inductive statistics, and estimations pro-

cesses to help in defining the future strategy of the innovation policy. Those measurements provide data, indicators, and results which can be

analysed by and used to help influence the new policy agenda.

2.2 | Big data analytics for innovation in public policies regarding patent analysis

Establishing new methods and decision-making supporting contexts in the public sector is an actual challenge. As ideological and political matters

continue to evolve, with the turbulent emergence of trends like nationalism and protectionism, new problems are to be assessed and addressed,

to guarantee the necessary development, evolution, and related strategies, such as education and innovation investments.

Socialist innovation strategies and public policy may aim at curbing financial gains by private enterprise with patents, while on the other hand

making more solid investments in education, which is without question a solid bet, as history has shown us. More liberal public policy may want

to incentivate private enterprise, and the rents gained from patents, thus encouraging entrepreneurial risk-taking, (Acemoglu and

Robinson, 2013), while perhaps limiting public funds for education and relying, once again, on private enterprise for investments in the education

sector. We are yet to encounter the perfect mix, thus the need for this and other studies.

Considering specifically innovation, public efforts must be structured towards stable decisions which can foster new social and economic

developments (Schumpeter, 1934, 1942). In a paradoxical aspect, innovation strategies can also be viewed by centralized governments and power

structures, as a means to defend these protectionist ideologies, aiming to guarantee an eventual short and medium-term international advantage,

with a restricted sociological vision (Akcigit, Ates and Impullitti, 2018). The social-political approach is not the objective of our present text, but

this limited observation just produces a notion on how the innovation context plays a significant role, even if we take into consideration this

actual scenario.

Studying the public sector's role in this strategic game, we can search the detail of emerging technology application by public agents. As dis-

cussed in Tadeu et al. (2019), digital transformation maturity emerges as an issue for emerging technologies adoption, provoking the participation of

public agents to sponsor infrastructures and the formation of ecosystems which would propel innovation strategies by public and private systems.

According to the observation conducted in Jamil, Rocha and Jamil (2019), when studying the market intelligence process, emerging technolo-

gies such as analytics and associated big data methods can be applied to produce better scenario analysis and thus leading to a consequent
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improvement in decisions around innovation efforts. In the same publication presented a research study focusing on a similar observation, specifi-

cally addressing the healthcare sector and its related productive and value chains.

Finalizing this first level of perception, analytics and big data are concepts widely discussed these days, as their application reached our daily

lives, with resources implemented even in simple “apps” designed to be used in a standalone fashion or as a part of a complete information system,

through our smartphones or domestic appliances, not needing dedicated computing services to serve a final customer (SAS, 2020; McKinsey, 2020).

As conceptualized by these sources, Big data can be understood as the conjunction of methods, designed processes, mathematical methods,

and associated information technologies to produce knowledge from data, collected from an organizational environment (SAS, 2020). Analytics, in

turn, is the infrastructure to collect data and optimally analyse trends and patterns while also aiming to produce knowledge-related results,

although in a dynamic way, as it is usually associated to programs, modules and applications which are used as background processes in massively

used websites, such as electronic commerce, digital auctions or entertainment.

Both services—big data and analytics—will be objectively studied in the text ahead, as an associated set of governmental tools, to produce

knowledge for public management decisions.

2.3 | Patent analysis processes

As noticed, innovative market offers can be considered in several different political instances, as observed in the global scenario nowadays, ranging from

open democracies to nationalism-supported trends, exerted by some countries, including powerful economies. Hence, it is opportune to address patent

analysis processes, mainly to understand how big data and analytics can be applied in these processes for national strategic plans (Patentanalysis, 2020).

Patent analysis processes are actions and associated methods applied to analyse documents, experimental results, technological artefacts,

and other materials submitted by interested researchers and entrepreneurs for a patent concession and registration (WIPO, 2016;

Patentanalysis, 2020). The patent concession process develops around the analysis of submitted artefacts to defer if the patent is to be effectively

registered as a temporary property of the person or entity who is requiring it.

As a complex process, which must identify aspects such as functionality, design, environmental impacts, technical regulations, ethical attri-

butes, pre-regulation demands, health restrictions, among several other critical parameters, patent analysis processes are massively supported by

data of different types.

Along with specific taxonomies, this data must also be detailed concerning collection, storage, sharing and usage processes, which must be

evaluated by registration institutions, to confirm that there is no risk of falsification or any other kind of misinformation.

2.4 | Data analysis in patent registering processes

Aligning both concepts and practical aspects of the patent analysis and registration processes, it is possible to identify several practices and

actions which must be adopted by the registration institutions. It is necessary to also pay attention to the expressive differences among patent

processes, regarding different market sectors, albeit recognizing the need for such a differentiation between certain sectors, according to certain

authors (Ponta et al., 2020). Additionally, significant differences exist between the quality and power of institutions, in different regions. The

above meaning that the approach to innovation public policy needs to be individualized and done on a case-by-case basis—there is no ready-made

formula for success; except that perhaps the elite group in power must not solely seek gains for its members (Acemoglu and Robinson, 2013)—for

which certain mechanisms must exist, for obvious reasons. One cannot thus simply export innovation public policy across boundaries

(North, 2005), due in addition to significant cultural differences—reflected in the institutions and practices in a given region.

The emphasis of innovation public policy needs to be on “making markets more efficient in developed countries” (North, 2005, p.21). Big data

has a major role to play.

For example, if we consider patent registration for an electrical application, such as a specific IoT supported, semi-autonomous, domestic out-

let, typical data presented by manufacturers must identify quantitative parameters, regarding electrical insulation, protection, performance and,

overall, match with specified announced product features such as commands, standardized answers to user requirements, voltage and current

measurements, etc. For a medicine drug, however, it is a completely different scenario.

In this last case, it is possible to identify several international requirements, which include, for example, datasets collected from non-human

and human patient tests, collateral effects, adherence to safety levels and definitions, packing and conservation specifications among others.

Along with quantitative data, it is possible to find diagrams, pictures, text, images and various formats which will demand a heavy overload of ana-

lysts' work to determine if all legal demands were fulfilled by patentees.

Thus, upon reflecting, we can consider how analytics and big data services can be applied to improve this complex evaluation process.

For example, applying analytics-type methods, it is possible to address the presented data to examine if these datasets are comparable to

those published in scientific studies, institutional requirements, and industrial specifications. Using data modelling techniques, for instance, it is
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possible to study if those values are comparable and compatible to patent concession and registering demands, advancing the comprehension

towards a potential adherence for the item under evaluation.

Analytics will also allow a performance improvement to analysts, as a reliable way to compare results, especially quantitative data, such as

seasonality datasets, levels of patient quantitative reactions, measurable collateral effects, among several other signals and associated

phenomena.

Regarding Big Data, it is possible to understand its application when approaching different formats, sizes, and aspects of datasets. As a combi-

nation of structured and unstructured sources, it is possible to expect that contents so different such as photos, images, videos and audios (mostly

unstructured) can be prospected along with spreadsheets, numerical level demonstrations, measurements and other formatted standards, produc-

ing the required information to assess a safe analysis process to grant the intended patent.

Those two data analysis resources can also be designed to operate in conjunction, encompassing data collection, first level analysis, trends in

comparative studies and uniformity—so as to be addressed by analytics tools—and for the improvement of in-depth cause-consequence relations,

context analysis, adherence to regulatory specifications and analysis and, lastly, aggregation and validation of research field analysis—as to be con-

ducted through Big Data processing. Potential results could serve for collaborative validation, eventually applying modelling techniques and rigor-

ous process studies, bringing a qualified level of perception to analysts, while also making for a more robust patent registering operation.

Interestingly, after a more mature level of combination of these two methods is reached, it is possible also to expect potential automation, so as to

implement resources namely machine learning and other artificial intelligence tools and associated methods, presenting a perspective of performance

enhancement, without any level of quality degradation, regarding the analysis process. This could lead also to a better standardization tendency, a funda-

mental aspect sought to integrate governance, transparency and verifiability to these critical steps in order to grant patents to products and other artefacts.

As a sensitive and difficult process, with significant repercussions on market developments, social impacts and industrial relationships, patent

analysis can be benefited by an association to data science tools, such as those studied herein. Albeit, the high cost of the software and related

tools for big data analysis means that such an analysis will not, unfortunately, be readily available to all. On the other hand, policy makers must be

aware that when “institutional changes [such as those involving patent laws] are applied to third world economies they frequently alter income

distribution and produce political instability, sometimes leading to downstream consequences that are the very reverse of the intended objective”
(North, 2005, p.21). Therefore, innovation public policy makers face a serious challenge, in view of the novel science tools at their disposal.

3 | METHODOLOGY

The application of research instruments such as data mining for the analysis of a vast set of data on patents has been widely used to support the

development of the national and business planning processes for Research and Development (Seo et al., 2016), bearing in mind that patent data is

a valuable resource for understanding the dynamics and activities of an invention ecosystem (Saheb & Saheb, 2020). Within this perspective, in

the same way that data-generating patents are capable of generating a vast set of data that provide information about a particular invention that

can later assist in improving the invention itself (Sideri, 2020; Simon & Sichelman, 2017), the identification of which variables affect the number

of patent filing requests within a vast data set, contribute to the prioritization and optimization of resources that will lead to an increase in the

number of patent applications and, consequently, to a greater dynamism in the invention ecosystem.

In this sense, the number of patents has been used as an indicator for assessing the innovation capacity of companies in a given country or

region, as well as their levels of efficiency in terms of production and technology (Fujimoto et al., 2015; Manzini & Lazzarotti, 2016; Stern

et al., 2000), using, among other factors, scientific actors such as government agencies and universities as external proxies, in complement to the

internal knowledge sources of private organizations (Ponta et al., 2020; Romijn & Albaladejo, 2002). In addition, some investigations

(Archibugi, 1992; Comai, 2018) have recommended the use of other information such as scientific production, since data on patents in isolation

do not adequately represent the ecosystem of the invention. Accordingly, in the present investigation, it seeks to assess the influence exerted by

scientific, governmental and private actors on the number of patent filings.

The methodological approach is quantitative based on the analysis of the patent requests made by residents in Brazil, the United States,

Europe, and triadic patent families in patent families. All of the analysis was done with the aid of R Studio in order to respond to the research

question: What factors can explain the number of patent filing requests made by residents in Brazil at patent offices in Brazil, the United States,

Europe, and triadic patent families?

3.1 | Descriptive and exploratory analysis

The data used in the present investigation were obtained through the 2019 National Science and Technology and Innovation Indicators, made

available by the Ministry of Science, Technology, and Innovations of Brazil (available at the electronic address: http://www.mctic.gov.br/mctic/

opencms/indicadores/indicadores_cti.html).
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The period considered for the present analysis was 2000–2017, operationalized through the following variables:

Y = Number of patent filing requests made at the National Institute of Industrial Property (INPI-Brazil);

Y₂ = Number of patent filing requests made at the American Patent and Trademark Office (USPTO-United States);

Y₃ = Number of patent filings filed with the European Patent Office (EPO-EU);

Y₄ = Number of patent filings filed for triadic patents (European Patent Office; Japanese Patent Office and American Patent and Trademark

Office);

X = Public Investments in Science and Technology understood as investments in Research and Development and Related Scientific Activities;

X₂ = Private Investments in Science and Technology understood as investments in Research and Development and Related Scientific

Activities;

X₃ = Brazilian scientific production understood as articles indexed in Scopus;

X₄ = Government researchers and research support staff;

X = Private researchers and research support staff;

X = University researchers and research support staff.

As previously mentioned, the present investigation focuses on the analysis period between 2000 and 2017. Table 1 presents a summary of

the main descriptive statistics for the independent and dependent variables.

An analysis of Table 1 reveals that in the period considered, patent filing requests made by residents in Brazil have been higher in the

European office (μ = 4.351 filing requests, with a variation coefficient of 49.5%), due to requests related to patent families (μ = 678.9 filing

requests, with a variation coefficient of 17.7%) and at the American Patent and Trademark Office (μ = 410 filing requests, with a variation

coefficient of 43.7%). On the other hand, patent filing applications at the Brazilian patent office presented the lowest average (μ = 7.42 filing

requests, with a variation coefficient of 5.6%). Except for orders placed at the Brazilian office, the coefficients of variation for orders from

other offices reveal that there was a wide dispersion in the number of orders over the period under review. Additionally, it is possible to

notice that public investments in Science and Technology have been higher (μ = R$ 21.93 million, with a variation coefficient of 58.2%)

although closely monitored by private investments (μ = R$ 19.95 million, with a variation coefficient of 53.2%). Regarding Brazilian scientific

production, understood as articles published and indexed in the Scopus Database, the average was 35.4 articles, with a high coefficient of

variation of 44.5%. Regarding the total number of researchers, the analysis reveals that there is a predominance of researchers linked to Uni-

versities (μ = 254, with a variation coefficient of 43.7%). Nevertheless, with the aid of the Cox-Stuart (Cox & Stuart, 1955) and Mann-Kendall

(Mann, 1945) tests, it is possible to note that, except for applications for patent families, the number of applications for deposits in offices in

Brazil, the United States, and Europe has assumed a trend over the period considered, assuming a significance level of 5%, according to the

results shown in Table 2.

3.2 | Ordinary least square regression

To identify which variables are significant to explain the number of patent filing requests, a regression analysis based on the ordinary least squares

method was applied, considering that it is an adequate statistical technique to predict a dependent variable from the knowledge of one or more

TABLE 1 Descriptive summary of dependent and independent variables in the period 2000–2017

Variables Mean Coefficient of variation Median Min Max Range

(Y) Number of patent applications (INPI) 7.42 5.6% 7.46 6.45 7.97 1.52

(Y₂) Number of patent applications (United States) 410.5 43.7% 358 219 769 550

(Y₃) Number of patent applications (EU)a 4.351 49.5% 4.910 332 7.348 7.016

(Y₄) Number of patent applications (Triadic) 678.9 17.7% 684 407 875 468

(X) Public Investmentsb 21.93 58.2% 17.76 8.65 47.90 39.26

(X₂) Private Investmentsb 19.95 53.2% 16.24 7.19 37.74 30.55

(X₃) Brazilian scientific production 35.4 44.5% 34.27 15.26 60.71 45.45

(X₄) Government researchers 8.24 17.3% 8.47 5.84 9.89 4.05

(X) Private researchers 64.43 27.9% 59 46.22 99.7 53.5

(X) University researchers 254 43.7% 238.2 113 444 330.7

aData refer to the period 2000–2013.
bAmounts in millions of Reais.
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independent variables (Hair et al., 2009; Wooldridge, 2012). Accordingly, the Pearson correlation matrix was determined to preliminarily identify

the relationship between the variables, as shown in Table 3.

The results of the Pearson's correlations presented in Table 3 indicate that the exception of the relationship between the dependent variable

(Y₄) Number of patent applications (Triadic) and the other independent variables, which present a positive relationship between weak and moder-

ate (r = [0.2; 0.6]), all other dependent variables (Y) Number of patent applications (INPI); (Y₂) Number of patent applications (United States); (Y₃)

Number of patent applications (EU) present a positive relationship between moderate and very strong (r = [0.6; 1]). Adding to this, it is possible to

notice that all of the independent variables have positive correlations and comprised between strong and very strong (r = [0.7;1]), which indicates

the possibility of Multicollinearity, confirmed later through the Klein criteria and the Variance Inflation Factor (VIF) (Imdadullah et al., 2016). In this

sense, considering that there is no universal solution to the problem of Multicollinearity (Field, 2009), it was decided to determine Bivariate

Regressions, using the determination coefficient as the criterion of choice (Dalgaard, 2008; Härdle & Simar, 2015; Myers et al., 2010). Table 4 pre-

sents the Bivariate Regression models for each of the dependent variables.

It appears from the results in Table 4, that the variable university researchers have a significant influence on the number of patent filings at

the Brazilian office, being responsible for 54.06% of the variation in the number of applications in the period 2000–2017. Concerning requests

for deposits at the American office, the variable that has the most influence is public investments in research and development activities and

TABLE 2 Summary of trend tests for
dependent variables in the period
2000–2017

Dependent variables Cox-Stuart test Mann-Kendall test

(Y) Number of patent applications (INPI) p-value: .004 p-value: .0006

(Y₂) Number of patent applications
(United States)

p-value: .004 p-value < .01

(Y₃) Number of patent applications (EU)a p-value < .01 p-value < .01

(Y₄) Number of patent applications
(Triadic)

p-value: 1 p-value: .733

aData refer to the period 2000–2013.

TABLE 3 Pearson's correlation matrix between dependent and independent variables

Variables (Y) (Y₂ (Y₃) (Y₄) (X) (X₂) (X₃) (X₄) (X) (X)

(Y) (INPI) 1

(Y₂) (United States) 0.69 1

(Y₃) (EU) 0.57 0.87 1

(Y₄) (Triadic) 0.60 0.36 0.52 1

(X) Public Inv. 0.68 0.99 0.87 0.36 1

(X₂) Private Inv 0.72 0.99 0.89 0.45 0.98 1

(X₃) Scientific production 0.72 0.98 0.92 0.50 0.97 0.98 1

(X₄) Gov. Researchers 0.67 0.90 0.87 0.57 0.90 0.93 0.95 1

(X) Priv. Researchers 0.62 0.93 0.79 0.32 0.94 0.93 0.91 0.84 1

(X) Univ. Researchers 0.73 0.98 0.89 0.48 0.98 0.99 0.99 0.95 0.93 1

TABLE 4 Bivariate regression models for the number of patent filing requests

Models β SE β t-value p-value

(Y) Number of patent applications (INPI) Intercept: 6.719
University researchers: 0.003

0.202
0.001

33.319
3.757

p-value < .01*
p-value: .003*

(Y₂) Number of patent applications (United States) Intercept: 102.483
Public Investments: 14.042

6.369
0.253

16.09
55.43

p-value < .01**
p-value < .01**

(Y₃) Number of patent applications (EU) Intercept: −113.03
Scientific production: 126.29

587.28
15.27

−0.192
8.271

p-value: .851
p-value < .01***

Note: Model 1: R2 = 54.06%; * p < .01; Model 2: R2 = 99.61%; ** p < .01; Model 3: R2 = 85.08%; *** p < .01. All assumptions related to the distribution,
independence and homoscedasticity of the residues are valid (Shapiro–Wilk: p > .01; Durbin-Watson: p > .05; Breusch-Pagan: p > .05).

6 of 10 SOUSA ET AL.

Cicero Eduardo de Sousa Walter 
32



related scientific activities, accounting for 99.61% of the variation in the number of patent filing requests. Last, but not least, it is possible to iden-

tify that scientific production is the variable that most influences the number of patent filing requests at the European office, accounting for

85.08% of the variation in the number of requests during the period 2000–2013. Regarding patent families, none of the variables was identified

as significant for determining a valid model (F-statistic: p-value < .01). The results found follow the studies performed in recent years and are in

line with the literature review.

4 | IMPLICATIONS FOR POLICY

From a general point of view, patents boost creativity by incentive effects and diffusion and limit competition by establishing temporary monopo-

lies. Patents tend to increase innovators' costs, especially when they need to combine innovations from a variety of sources, as well as the fact

that patents may contribute to competition by encouraging the vertical breakup of knowledge-intensive industries and by supporting new

entrants.

Patent structures, powered by global competition in knowledge-intensive sectors and also as a result of technological change, have developed

to overcome this context. Nonetheless, patents reflect a trade-off between the costs of granting restricted market power to businesses and the

benefits of fostering innovation, in much the same way as competition policy is meant to maintain a balance between the costs of increasing mar-

ket power from concentration and the benefits of efficiencies on a scale. It is a global perception that patent and competition laws are often mis-

aligned and need to be discussed more and more simultaneously.

It is possible to examine the expansion of patenting operation in several dimensions: coverage of the subject matter, form of patenting organi-

zation, and geography. And several governments' general policy stance is to enable companies, citizens, and research organizations to learn about

the patent system and apply for patents. In Europe, a number of countries have introduced initiatives to enable universities and government

research bodies to patent and licence technology (Geuna and Nesta, 2006). The heterogeneity of responses to the scheme, a heterogeneity firmly

grounded in the heterogeneity of technology (Burk and Lemley, 2002) and its growth, is a major problem for policy makers, requiring expensive

investments in patent portfolio creation for defensive purposes while using other methods to secure returns on their own inventions.

Finally, some guidelines for policymakers to promote policymaking to serve industry and inventors should be made: (a) more inclusive R&D

initiatives and more specific measures should be a priority for governments. The patent regulations are so complicated and have a high degree of

technical specificity that they are a very difficult method to enforce. More comprehensive information on invention licensing in this regard should

be a priority for increasing the number of registrations of patents; (b) up-to-date research and statistics on patent policy reforms and the impact

of their application should be a higher priority. In order to determine the need for improvements in current policy, it is important to know the

impact of policy on industries.

5 | CONCLUSIONS AND IMPLICATIONS OF THE RESEARCH

Patents are an important measure of innovation activity and innovation output. Patent registration in itself, however, is not a measure of success

in business, as firms with numerous patents have still been considered market failures (Nokia and its mobile telephony division is a recent exam-

ple). Of note is that certain entities prefer to maintain their discoveries a secret, rather than register them and make them public. Coca-Cola is an

example of this, a firm which continues to reap considerable benefits from its secret beverage formula rather than having capitalized from this for-

mula for a short period of time (after which abnormally high rents would have ceased). Albeit, patents still remain an important means to encour-

age technological progress as they are an exclusive property right granted by the Government to individuals or other inventing entities and

therefore make possible monopoly-type rents for a short period of time.

The quantitative methods used in this research resorted to big data from private and public investments in Science and Technology, and

about patent deposit numbers in Brazil from 2000 to 2017.

Patent filing requests made by residents in Brazil have been higher in the European office, due to requests related to patent families, and at

the American Patent and Trademark Office. On the other hand, patent filing applications at the Brazilian patent office presented the lowest aver-

age. Except for orders placed at the Brazilian office, the coefficients of variation for orders from other offices reveal that there was a wide disper-

sion in the number of orders over the period under review. Additionally, it is possible to notice that public investments in Science and Technology

have been higher, although closely monitored by private investments.

Regarding Brazilian scientific production, understood as articles published and indexed in the Scopus Database, the average was 35.4 articles,

with a high coefficient of variation of 44.5%. Regarding the total number of researchers, the analysis reveals that there is a predominance of

researchers linked to Universities.

To identify which variables are significant to explain the number of patent filing requests, a Regression analysis based on the ordinary least

squares' method was applied.
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The variable university researchers have a significant influence on the number of patent filings at the Brazilian office. Concerning requests for

deposits at the American office, the variable that has the most influence is public investments in research and development activities and related

scientific activities. Last, but not least, it is possible to identify that scientific production is the variable that most influences the number of patent

filing requests at the European office.

Hence, the results of this research study point towards the importance of universities, up and beyond the traditional training and education

aspect of university activity. The importance of public and private innovation investments is also shown to be important. This study shows that

the patent registrations in the different regions under analysis are affected by different factors. There is thus no single formula towards the crea-

tion of innovation output and governments would do well to continue to invest in higher education while also investing in public research and

development activities. Additionally, and not least important, private entities should be continually encouraged to make innovation investments

and favourable government policies need to thus exist for this to happen.

Finally, the low numbers regarding patent filings in Brazil may be linked to institutional deficiencies in the country. Patent breaches may be

difficult to punish, and the judicial system may be slow and untrustworthy, compared to the United States and to Europe—leading to diminished

patent registrations in Brazil.

6 | LIMITATIONS OF THE MODELS AND FURTHER RESEARCH

The models presented in the present research must be seen as preliminary, given the effects of multicollinearity. In this sense, the independent

variables function as proxies to each other, making it difficult to estimate a completely valid model (Field, 2009; Hair et al., 2009). Furthermore, it

would be interesting to measure to what extent are patents translated into real and practical innovations? In academia, for example, researchers

may be rewarded for producing patents, even if those patents lead to no new product sales (and there not existing any real motivation to seek

new product development and sales, in most such cases). On the other hand, do patents inhibit or aid innovation output in society? Some firms

make the strategic choice to not patent their innovations—for example, Coca-Cola and its secret formula, as mentioned above—opting, instead, to

avoid the full disclosure involved in the patenting process, which leads to rents limited in time—and, hence, limited competitive advantage. “In
some sectors patents are not widely adopted as mechanisms to protect innovations” (Ponta et al., 2020, p.178). Hence, we advise that additional

research be done regarding the effect of the registration of patents on business success—both sales and profits—to thus determine the effective-

ness of this specific innovation output in industry. Are we measuring the right innovation indicator in measuring patent production? Certainly, it

should not be the sole indicator of the innovation capability of firms. Finally, what is the contribution of absorptive capacity (a concept brought to

us in the seminal paper by Cohen and Levinthal, 1990) to patent production, according to sector of activity, and how may public policy improve

on the absorptive capacity of organizations? That is, up and beyond simply increasing R&D funding and budgets.
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Natureza da Investigação: Quantitativa;  
Objetivos da Investigação: Exploratórios; 
Procedimentos Técnicos Adotados: Análise de dados secundários com recurso à utilização da 
técnica estatística de Regressão Múltipla baseada no Método dos Mínimos Quadrados Ordinários 
(OLS); 
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do Manuscrito Original; Revisões e edições finais.  

Main Highlights 

• A investigação buscou identificar quais são os fluxos de conhecimentos influentes na capacidade 

de inovação das empresas portuguesas para o posterior estabelecimento de caminhos para a 

adoção da Open Innovation; 

• Foram analisados dados relativos à força de trabalho, gastos públicos em Investigação e 

Desenvolvimento (I&D), produção científica, número de investigadores e incentivos fiscais para 

as atividades de I&D;  

• Assumiu-se os números de pedidos de depósitos de patentes e registros de marcas como proxies 

da capacidade de inovação, que em última análise são influenciados pelos investigadores das 

organizações sem fins lucrativos e pelos investigadores das empresas; 

• Tendo em vista que as variáveis influentes na capacidade de inovação encontradas podem ser 

caracterizadas como Inbounds OI - os investigadores das organizações sem fins lucrativos - , e 

Outbounds OI - os investigadores das empresas -, a adoção da Open Innovation pode ser 

operacionalizada tanto por meio da combinação desses fluxos de conhecimentos, 

consubstanciada pela capacidade absortiva das empresas, quanto pela utilização do modelo de 

colaboração integrada. 
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Abstract: The main objective of the present research is to identify the knowledge flows responsible
for promoting the innovation capacity of Portuguese companies. Specifically, we intend to identify
which variables influence Portuguese innovation capacity from a macro and micro perspective, so
that we can establish possible ways to promote open innovation (OI) in Portugal since Portuguese
companies have little maturity in terms of open innovation when compared to companies in other
countries of the European Union. To achieve this goal, the methodological design used consisted
of two phases. In the first phase, a literature review was conducted to identify the main variables
associated with innovation performance. After identifying the most influential variables in the
literature, in a second phase, data were collected through three distinct databases, namely Pordata,
the Portuguese Tax and Customs Authority, and SABI. To identify the most influential variables in the
Portuguese innovation capacity, the multivariate multiple regression technique based on the ordinary
least square (OLS) method was applied. The results of the present research bring empirical evidence
that researchers dedicated to R&D from non-profit institutions (i.e., inbound OI) and researchers
from firms (i.e., outbound OI) exert a significant influence on innovation capacity so the development
of an optimal strategy for the strengthening of open innovation by Portuguese firms should take into
account the use and combination of these two specific knowledge flows. In this sense, the originality
of this research lies in the fact that it is the first attempt to understand the possible implications of the
determinants of innovation capacity on open innovation, from an exploratory study concerning the
flows of knowledge.

Keywords: innovation capacity; open innovation; patents; trademarks; inbound OI; outbound
OI; Portugal

1. Introduction
The combination of internal and external sources of information has intensified the

probability of innovations in the services market. Evidence shows that companies in
scientific collaboration for the development of products, and economic actors that com-
bine internal information with other information obtained in the market, have a greater
chance of innovating [1]. For instance, the use of the external knowledge obtained through
electronic word-of-mouth has contributed to the implementation of improvements in rec-
ommendation systems in the entertainment industry, which have a significant impact on
purchase decision processes [2].
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In this context, innovation is strongly linked to the ability of companies to acquire,
generate and apply knowledge [3], thus innovation capacity, rather than intangible assets,
has gained attention from researchers dedicated to the study of open innovation (OI),
especially concerning absorptive capacity, entrepreneurship, and radical innovation, as a
consequence of a major shift in the paradigm from closed innovation to open innovation [4].

In this sense, open innovation, first conceptualized by the author of [5], can be under-
stood as a process by which organizations seek to acquire knowledge and resources both
internally and externally through the management of knowledge flows that go beyond their
organizational boundaries. This is premised on the idea that companies should use internal
and external flows of knowledge to stimulate their internal innovation processes [6]. In
other words, it is a paradigm in which companies can and do use internal and external
ideas, as well as internal and external paths to the market, as they seek to advance the
current technology they have to increase the potential sources of innovation and hence
the likelihood of it occurring [7]. Therefore, open innovation can be understood as a rich
concept, to the extent that it can be operationalized in different ways, especially concerning
its content, context, and processes [8].

The inputs of open innovation (inbound OI) have been studied systematically in the
literature [9–11]. Additionally, the outputs of open innovation (outbound OI) have been
largely investigated in the literature [4,12]. In relation to the outbound OI, is it detected
that to date no attention has been paid to the relationship between them and these flows.

Besides, although several studies [3,13] have investigated which are the main sources
and sectors most involved in open innovation in Portugal, the adoption of open innovation
by Portuguese Clusters [14], the relationship between innovation capacity and financial
performance, as well as between organizational ambidexterity and innovation capacity [15],
there is a dearth of research on the determinants of innovation capacity and its possible
relationships with open innovation.

Given this context and considering mainly the scarcity of research on the relationships
between the inbounds and outbounds of open innovation, as well as the relationship
between innovation capacity and open innovation in the Portuguese context, this research
aims to identify the knowledge flows responsible for promoting the innovation capacity of
Portuguese companies to fill the gaps previously highlighted in the literature. Specifically,
we intend to identify which variables influence the Portuguese innovation capacity in a
macro and micro perspective, so that we can establish possible ways to promote open
innovation in Portugal since Portuguese companies have little maturity in terms of open
innovation when compared to companies in other countries of the European Union [13].

Reference [16] points out that an adequate strategy for open innovation should be
based on the context in which companies operate so that the design of policies for the
promotion of open innovation can take into account the unique characteristics of each
country. Based on this premise, this research is a first attempt to understand the possible
implications of the determinants of innovation capacity for open innovation, from an
exploratory study on the flows of knowledge that determine innovation capacity.

Data were collected from the Pordata, Portuguese Tax and Customs Authority, and
SABI databases and analyzed using the multivariate multiple regression technique based
on the ordinary least squares method (OLS), using the stepwise-backward procedure as the
data entry method to identify the most influential variables on innovation capacity, given
possible suppressor effects.

In this regard, the present investigation brings both theoretical and practical contri-
butions. As theoretical contributions, the present research brings empirical evidence that
researchers dedicated to R&D from non-profit institutions, ultimately characterized as
inbound OI, and researchers from companies embodied as outbound OI exert significant
influence on the innovation capacity of Portuguese companies. As a result of this evidence,
as a practical contribution, the results found suggest that the development of strategies for
enhancing open innovation practices by Portuguese companies can start from the combina-
tion of these specific flows of knowledge, operationalized both by the absorptive capacity
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of companies and by the adoption of a general model of open innovation, especially that of
integrated collaboration.

Besides this brief introduction, the present investigation is structured as six other
sections. The next section presents the theoretical framework, in which the relationship
between patents, trademark, and innovation capacity is discussed, as well as the determin-
ing factors of innovation capacity pointed out in the literature and the research hypotheses
developed. Next, the results and discussion are presented, characterized as the focal points
of the research, where the relationship between the determinants of innovation capacity
and open innovation is established and, finally, the concluding remarks of the research and
the references used are listed.

2. Theoretical Framework
2.1. Patents, Trademarks, Innovation Capacity, and their Determinants

The strategic management of technology is one of the influential factors in innovation
capacity and among its processes is the protection of intellectual property [17,18].

In this sense, intellectual property (IP) rights play an important role in the entire cycle
of innovation, from discovery to protection and commercialization of an idea. Therefore,
countries with stable IP infrastructure and legislation are more economically successful
than those without such measures [19]. Among these IP rights are patents and trademarks.

Patents are legal rights to exclude others from producing a certain technology when
it is protected by one or more underlying patents [20,21]. There is a growing awareness
of the role of patents for the development of innovation and the commercial success of
organizations [22–24], countries [25], and regions [26,27]. In this sense, patent portfolios
are important for the strategic layout of corporations and to promote corporate protection
of technological innovation [28]. On the other hand, brands are a sign used to distinguish
the products or services of a company in the commercial environment [29].

Despite the scarcity of studies associating the number of trademarks and the capacity
of innovation [30–32], it is possible to reinforce this relationship from studies that relate
the value of the trademarks with the market value of the companies that own these
trademarks [33–35], as well as their financial performance [36,37]. Additionally, empirical
evidence suggests including brands among the metrics to model the relationship with
innovation capacity [34,38].

Innovation is an important driver for the technological and economic development of a
nation since the application of advanced technologies together with innovative approaches
by enterprises allows the development of new products and services that are reflected
in advances for productive economic activity [39]. Despite the importance of innovation
capacity, there is no consensus in the literature on its determinants or its measurement,
so the question remains open, although it can be said that factors such as the skills of the
workforce, as well as the organization’s interactions with its environment, contribute to
innovation capacity [40].

Accordingly, the number of patent applications can be considered a good indicator
for measuring innovative performance [41], since several studies [39,42–48] have used the
number of patent applications as an indicator or proxy of innovative performance, while
others [49–51] recommend its use for the evaluation of the productive and technological
efficiency of companies.

In terms of the determinants of innovation capacity, economic and political factors
are important mediators between a nation’s educational level and its innovation capacity.
Workers with good educational backgrounds favor the adoption of cultural practices to sup-
port innovation by people in positions of leadership [52]. Furthermore, high-performance
work practices have a direct and positive influence on the number of patent applications,
partly mediated by the relational coordination skills of the employees, which involve
cross cooperation between departments, and the sharing of knowledge and objectives that
enable the identification of consumer needs, the generation of ideas and the continuous
improvement of innovation processes [44].
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Therefore, Reference [53] found empirical evidence that workforce skills, as well
as R&D spending as a function of the number of workers, are directly related to the
innovation capacity. In particular, spending on R&D as a function of the number of workers
has a positive and moderate correlation with the number of patents. Another finding
made by [45], concerns the fact that culture plays an important role in innovation activity,
specifically in the number of patent applications, although this influence is not direct.

Regionally integrated networks, as well as global strategic partnerships, are other
important facilitators of innovation capacity. This is mainly because they are based on
an open innovation model in which the various actors can access a set of complementary
skills, competencies, and knowledge, as well as the share risks and uncertainties, which
favor organizational ambidexterity in that they enable the development of strategies for
current and future exploitation [54,55]. In the specific case of public–private partnerships,
the relationship established can stimulate the development of products and services, as
well as the diffusion of knowledge that substantially reduces the technological gap between
public and private initiatives [56].

In addition to the factors mentioned, it is evident that in developed countries, such as
the members of the European Union, R&D investments have received increasing importance
as a result of their role in economic growth. In this sense, the authors of [57], in assessing the
influence of R&D spending in EU member states after the 2000s, found empirical evidence
that R&D investments have a positive impact on the number of patent applications.

Within this perspective, R&D investments, understood in a broader sense, both fi-
nancially and in human resources, enable companies to develop patented knowledge or
new products [58]. Therefore, due to the increased awareness of public policymakers
and the business sector about the importance of R&D activities for sustainable economic
growth, tax incentives and government subsidies have been used as important policies
to increase the competitiveness of the companies and industries to which they belong, to
induce companies to perform R&D, covering part of their costs and minimizing possible
financial risks, since market failures, as well as the risks associated with R&D activities,
may decrease the propensity for private investment in these activities [59–62].

2.2. Research Hypotheses
Since the present research aims at identifying which variables influence Portuguese in-

novation capacity, considering the macro and micro perspectives of analysis, the following
research hypotheses were established:

Hypothesis 1. The human resources of the corporate segment influence the number of requests for
deposits of inventions/patents and trademark registrations.

The conceptual framework of this hypothesis is based on the premise that the skills
of the workforce, as well as R&D spending according to the number of workers, are
directly related to the innovation capacity. In this sense, the greater the involvement of
employees in R&D activities, the greater the innovation capacity of a company, considering
that innovation is directly influenced by the number of employees involved in research
activities. Adding to this, high-performance work practices, which involve among other
aspects training sessions for problem-solving, cross practices of R&D between departments,
collective incentive systems and the sharing of objectives and knowledge to stimulate in the
workforce the development of skills for coordination and mutual adjustment, all positively
influence innovation capacity [44,49,53,63].

Hypothesis 2. Public investments in R&D influence the number of requests for deposits of
inventions/patents and trademark registrations.

The increase in R&D spending can have a direct effect on innovation, because to the
extent that more investments are made in basic research, the greater is its capacity to gen-
erate new knowledge and discoveries, constituting core competitiveness in scientific and
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technological innovation. Moreover, R&D investments considerably improve innovation
capacity, since they provide the necessary support for researchers to have access to tools
and equipment that help them make discoveries, publish high-impact articles, and apply
for new patent applications. Thus, investments have a positive influence on the production
of patentable knowledge [43,47,57,58,63,64].

Hypothesis 3. Scientific production influences the number of requests for deposits of inven-
tions/patents and trademark registrations.

The justification for the research hypothesis in question is based on the fact that the
creation of codified knowledge, in the form of scientific publication, by public research
institutions and universities, contributes to innovation as they serve as a subsidy for the
development of technological innovations by companies [44]. Although variations in new
patent applications reflect not only variations in research productivity but also variations
in the appropriability and filing strategies adopted by firms [65], increasing the intensity
of basic research can increase the number of invention patent applications in the context
of universities [42]. Moreover, countries that are more productive in science are often
the most productive technologically as well [66]. Additionally, since the consideration
of patent data in isolation may not adequately represent the entire invention ecosystem,
the use of scientific information such as scientific production has been recommended by
several investigations [63,64] as a variable to be studied together with the number of patent
applications to determine the innovation capacity.

Hypothesis 4. Researchers dedicated to full-time R&D influence the number of requests for
deposits of inventions/patents and trademark registrations.

This research hypothesis is based on the fact that the focus on basic research leads
to an increase in the number of patent and invention filing requests [42]. Additionally,
researchers who have support for the development of their activities are in a better position
to promote research that solves problems that are on the verge of the unknown and bring
new knowledge that is reflected in scientific publications and requests for patent/invention
filings [67,68]. Within this perspective, public and private economic actors directly involved
in research play an important role in the process of developing innovations [69].

Hypothesis 5. Tax incentives for the promotion of R&D by companies influence the creation of
value through intangible assets.

The conceptual framework of this research hypothesis is based on the fact that R&D ac-
tivities have received increasing attention from both public policymakers and the business
sector, recognizing these activities as key factors for sustainability and economic growth,
such that several countries have adopted programs to support these activities [61]. Accord-
ingly, tax incentives, in conjunction or isolation with direct subsidies through concessions
and loans, have been commonly used by several countries as an instrument to encourage
R&D activities in companies, to increase their competitiveness and in the industries to
which they belong, covering part of their costs and part of the financial risks associated
with R&D activities [59,60,62].

Table 1 summarizes the investigation hypotheses, the main variables used, as well as
the expected relationships, as pointed out by the literature on the subject.
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Table 1. Summary of Research Assumptions and Expected Relationships.

Level of
Analysis Dimensions Variables Authors Hypothesis Expected Re-

lationships

Macro

Patent Applications (Y1)
Trademark Registrations (Y2)

Workforce *
MSE’s human resources

(X1); Human resources of
large enterprises (X2).

[44,49,53,63]

H1: Human resources of
the corporate segment
influence the number of
requests for deposits of
inventions/patents and
trademark registrations.

+

Public R&D
expenditures

Public R&D investments
(X3). [43,47,57,58,63,64]

H2: Public investments
in R&D influence the
number of requests for
deposits of
inventions/patents and
trademark registrations.

+

Scientífic
Production

Scientific Production in
Exact Sciences (X4);

Scientific Production of
Engineering (X5);
Medical Scientific
Production (X6);

Scientific production in
Agrarian (X7);

Scientific Production in
Social Sciences (X8);

Scientific Production in
Humanities (X9).

[42,44,63–66]

H3: Scientific production
influences the number of
requests for deposits of
inventions/patents and
trademark registrations.

+

Researchers
dedicated to

full-time R&D **

Companies Researchers
(X10); State Researchers

(X11); University
Researchers (X12);

Non-profit Researchers
(X13).

[42,67–69]

H4: Researchers
dedicated to full-time
R&D influence the
number of requests for
deposits of
inventions/patents and
trademark registrations.

+

Micro

Intangible Asset Value Indicator (Y3)

Tax incentives for
R&D

Sifide-2013 (X14);
Sifide-2014 (X15);
Sifide-2015 (X16);
Sifide-2016 (X17);

[59–62]

H5: Tax incentives for
corporate R&D influence
the creation of value
through intangible
assets.

+

Note: * Data from 2004–2018; ** Data from 1982–2006. All other variables refer to the 1982–2019 period.

3. Method
3.1. Objective, Data Collection, and Analysis

The main objective of this research was to identify the knowledge flows that are
responsible for promoting the innovation capacity of Portuguese companies to fill the gaps
in the literature, particularly concerning the types and combinations of knowledge flows of
open innovation, as well as the scarcity of studies on the relationship between innovation
capacity and open innovation in Portugal.

Accordingly, an analysis of the literature was initially carried out to identify the main
variables associated with innovative performance, the results of which were expressed in
the determination of the research hypotheses together with the expected relationships, as
presented in Table 1.
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For the macro level of analysis, data were collected using the Pordata database (https:
//www.pordata.pt/, accessed on 7 December 2020), chosen because it presents official and certi-
fied statistics on Portugal during the month of December 2020. Additionally, for the micro-level
of analysis, data was collected through the Portuguese Tax and Customs Authority databases,
during the month of January 2021, (available at https://info.portaldasfinancas.gov.pt/pt/dgci/
divulgacao/Area_Beneficios_Fiscais/Listas_de_contribuintes_com_beneficios_fiscais/Paginas/
default.aspx, accessed on 18 January 2021) and, through the SABI database [70] during the
month of February 2021, as it contains detailed information on Portuguese companies, particu-
larly concerning their accounting characteristics.

The data were processed and analyzed with the help of R Studio software, in its
version 1.2.5042 and the Statistical Package for the Social Sciences (IBM SPSS Statistics), in
its version 24.

3.2. Variables and Statistical Techniques
To achieve the objectives of this research, the multivariate multiple regression tech-

nique based on the ordinary least square (OLS) method was applied, since it allows the
simultaneous evaluation of the relationships between each independent variable as a func-
tion of a dependent variable, allowing the determination of the relative importance of each
independent variable [71,72].

For the macro level of analysis, the variables investigated were dependent variables
(proxy of innovation capacity): number of patent applications (Y1) and trademark registra-
tions (Y2) made by Portuguese residents in the period 1982–2019; independent variables:
total human resources employed by both micro and small companies (X1) and large com-
panies (X2); public investment in R&D (X3); scientific production by area of specialization
(X4 to X9); researchers dedicated to full-time R&D by sectors (X10 to X13).

Regarding the micro level of analysis, variables referring to 339 Portuguese companies
benefiting from tax incentives were investigated, which were dependent variables (proxy
of innovation capacity): intangible asset value creation indicator (ratio of sales to intangible
assets) (Y3); independent variables: Sifide-2013 (X14), Sifide-2014 (X15), Sifide-2015 (X16),
Sifide-2016 (X17).

Additionally, the data entry method in the estimation of model parameters was
stepwise-backward, which, considering the nature of the investigation, is the most recom-
mended data entry method for exploratory investigations due to the possible suppressive
effects presented when one variable has a significant effect but only when another variable
is kept constant [73]. Accordingly, the stepwise-backward input method is more likely to
avoid the exclusion of predictors in suppressive effects, that is, to exclude variables that
contribute to a given model.

In a complementary way, all estimated models for predicting the innovation capacity
were validated using the criteria of the Adjusted R2; normal distribution of the residuals;
independence of the residuals, homoscedasticity, and multicollinearity [71,74].

4. Results
4.1. Macro Analysis
4.1.1. Influential Variables in the Number of Patent Applications

The estimated regression model for identifying which variables are most influential
in the number of patent/invention filings (Y1) made by Portuguese residents during the
1982–2019 period is shown in Table 2. According to the model estimated using the stepwise-
backward method, the most influential variables in the number of patent/invention filings
were the researchers of non-profit institutions dedicated to R&D (X13) and the researchers
of companies dedicated to R&D (X10), jointly responsible for 64.39% of the variation in
the number of patent/invention filings during the period considered, according to the
adjusted coefficient of determination (Adjusted R2).

https://www.pordata.pt/
https://www.pordata.pt/
https://info.portaldasfinancas.gov.pt/pt/dgci/divulgacao/Area_Beneficios_Fiscais/Listas_de_contribuintes_com_beneficios_fiscais/Paginas/default.aspx
https://info.portaldasfinancas.gov.pt/pt/dgci/divulgacao/Area_Beneficios_Fiscais/Listas_de_contribuintes_com_beneficios_fiscais/Paginas/default.aspx
https://info.portaldasfinancas.gov.pt/pt/dgci/divulgacao/Area_Beneficios_Fiscais/Listas_de_contribuintes_com_beneficios_fiscais/Paginas/default.aspx
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Table 2. Multiple Regression Model for the Number of Patent Applications.

Model B SE B � t-Value

(Y1) Number of patent applications

Intercept: 0.8197 0.481 �1.154 �1.703

Non-profit Researchers (X13): 8.545 ⇥ 10�4 1.356 ⇥ 10�4 0.769 * 6.303

Companies Researchers (X10): 5.919 ⇥ 10�5 2.942 ⇥ 10�5 0.246 ** 2.012

Note: R2 = 64.39%; * p < 0.01; ** p  0.05.

Additionally, taking into account the values of the standardized coefficients by which
the effects are measured not in terms of the original units of y and x, but in units of standard
deviation allowing a more accurate direct comparison of the magnitude of the coefficients
of the exploratory variables [75], and consequently, of their importance, it is possible to
perceive that the most influential variable in the number of patent/invention applications
is the researchers of non-profit institutions dedicated to R&D (� = 0.769) variable.

In this sense, the model that represents innovation capacity concerning the number of
patent applications is:

Innovation Capacity = 0.8197 + 8.545 ⇥ 10�4 ⇥ Non-profit Researchers + 5.919 ⇥ 10�5 ⇥ Companies Researchers

4.1.2. Validation of the Model Assumptions for Patents/Inventions
The development of a regression model based on the ordinary least squares (OLS)

method must take into account the satisfaction of some assumptions so that the model
obtained from the sample can be applied accurately to the population, which in other
terms means that the estimated coefficients are not biased [73]. In this sense, for the
estimated model to be generalizable, the satisfaction of the assumptions related to (I)
normal distribution of the residuals, (II) independence of the residuals, homoscedasticity,
and multicollinearity should be evaluated [71,74], whose tests were applied with the help
of the R Studio software, for presenting both the value of the test and its significance.

Namely, for the normal distribution of the residuals, the Shapiro–Wilk test was applied,
considering that it is more robust than its Kolmogorov–Smirnov counterpart, as some
investigations point out [76–78]. The test value was 0.038 (w = 0.91; p-value = 0.038 > 0.01),
allowing to validate the hypothesis of the normal distribution of the residuals considering
a significance level of 1%. The independence of the residuals was verified by applying the
Durbin–Watson test, whose result obtained (dw = 1.5; p-value = 0.032 > 0.01) indicates that
the residuals are not significantly correlated with each other, that it is independent, thus
validating the assumption in question at the significance level of 1%.

To verify the assumption of homoscedasticity, the Breusch–Pagan test was applied,
which is usually used to evaluate whether the variances of the residuals at each level of the
predictors are the same [74,75]. The result (bp = 6.89; p-value = 0.032) allows us to conclude
that the variances of the residuals are significantly homogeneous at the level of significance
of 1%. Last but not least, the verification of the multicollinearity assumption, according
to which there should not be a perfect linear relationship between the predictors [73],
was made by applying the variance inflation factor (VIF), the result of which was 1.033
indicating the non-existence of multicollinearity [79].

In addition to the validation of the regression assumptions, an analysis of the isolated
contribution of the variable researchers of companies dedicated to R&D (X10) to the model
was carried out. It was carried out bearing in mind that its test value is at the limit for
rejection (p-value  0.05) at the level of significance of 5%, using as criteria the coefficient
of determination [72,74,80], the corrected Akaike criterion (AICc) for measuring the quality
of the model [81], and the analysis of variance (ANOVA) [71,72,75], whose results are
expressed in Table 3.
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Table 3. Analysis of the contribution of the variable Researchers of Companies dedicated to R&D to the Regression model.

Models Adjusted R2 Akaike (AICc) ANOVA

Model with the inclusion of the variable researchers of Companies
dedicated to R&D 64.39% 86.50 p-value  0.05

Model without the inclusion of the variable researchers of Companies
dedicated to R&D 59.66% 87.87 -

Taking into account the values expressed in Table 3, specifically those that refer to the
coefficient of determination, it can be stated that the addition of the predictor contributes
significantly to the model in that its explanatory power is greater (R2 Adjusted = 64.39%)
than it would be in the absence of the predictor (R2 Adjusted = 59.66%). Other than this,
one can conclude through the evaluation of the corrected Akaike information criterion
(AICc) that the inclusion of the variable leads to a lower relative loss of information and,
consequently, to a lower AICc value (86.50 compared to 87.87), so the model with the
inclusion of the variable has superior quality, therefore being preferable to the model
without the inclusion of the variable. In the same sense, the result obtained through the
analysis of variance (p-value  0.05), allows us to conclude that the estimated value of
the coefficient of the variable in question is significantly different from zero at the level of
significance of 5%, so the inclusion of the variable contributes significantly to the estimated
model and should therefore not be excluded.

4.1.3. Influential Variables in the Number of Trademark Registrations and Other
Distinguishing Trade Signs

To determine which variables are more influential in the number of trademark regis-
trations and other distinctive trade signs (Y2) made by Portuguese residents during the
period 1982–2019, the application of a multiple regression based on the ordinary least
square (OLS) method was once again used, whose values are presented in Table 4.

Table 4. Multiple Regression Model for the Number of Trademark Registrations.

Model B SE B � t-Value

(Y2) Number of trademark
registrations

Intercept: 0.327 0.117 0.327 2.794

Non-profit Researchers (X13): 1.066 ⇥ 10�4 3.297 ⇥ 10�5 0.502 * 3.233

Companies Researchers(X10): 2.024 ⇥ 10�5 7.154 ⇥ 10�6 0.439 * 2.829

Note: R2 = 42.28%; * p < 0.01.

Similar to the results of the model estimated above, the results of Table 4 show that the
most influential variables in the number of trademark registrations and other distinctive
trade signs were also the researchers of non-profit institutions dedicated to R&D (X13) and
the researchers of companies dedicated to R&D (X10). These two variables together explain
42.28% of the variation in the number of trademark registrations and other distinctive trade
signs, according to the adjusted coefficient of determination (Adjusted R2).

In terms of the importance of the variables, the analysis of the standardized coeffi-
cients allows us to identify the researchers of non-profit institutions dedicated to R&D
(� = 0.502) as the most influential variable in the number of trademark registrations and
other distinctive trade signs, a result similar to that found in the estimated model for the
number of requests for patent/invention applications.

In this sense, the model that represents innovation capacity concerning the number of
trademark registrations is:

Innovation Capacity = 0.327 + 1.066 ⇥ 10�4 ⇥ Non-profit Researchers + 2.024 ⇥ 10�5 ⇥ Companies Researchers
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4.1.4. Validation of the Model Assumptions for Trademark
As mentioned above, for a regression model obtained from the sample to be gener-

alized, it is necessary to satisfy a series of assumptions, such as (I) normal distribution
of the residuals, (II) independence of the residuals, homoscedasticity, and multicollinear-
ity [71,74].

Regarding the normal distribution of the residuals, the Shapiro–Wilk test was once
again used, whose result (w = 0.954; p-value = 0.311 > 0.05) allows the validation of
the hypothesis of the normal distribution of the residuals, considering a 5% significance
level. Regarding the independence of the residuals, the result of the Durbin–Watson test
(dw = 1.3; p-value = 0.01 < 0.05), points to a possible non-validation of the assumption of
independence of the residuals at a 5% significance level. However, taking into account that
only values lower than 1 and higher than 3 should be a cause for concern [73], the value of
this test (dw = 1.3), does not indicate serious problems of association between the residuals.
Hence, given the differences in the conclusion using the two criteria, it cannot be stated
unequivocally that the errors are independent, which constitutes a limitation of the model.

For checking the assumption of homoscedasticity, the Breusch–Pagan test was once
again applied, whose result (bp = 0.955; p-value = 0.621 > 0.05) allows us to conclude that
the variances of the residuals are significantly homogeneous at the 5% significance level.
Furthermore, the result of the variance inflation factor (VIF) of 1.033, similar to the previous
model, indicates the inexistence of a perfect linear relationship between the predictors,
thus validating the assumption of multicollinearity.

4.2. Micro Analysis
Influence of Tax Incentives on the Creation of Value through Intangible Assets

From a micro perspective, to analyze how tax incentives for companies’ R&D activities
influence the creation of value through intangible assets, the application of a multiple
regression based on the ordinary least square (OLS) method, whose values are presented
in Table 5, was once again used.

Table 5. Multiple Regression Result for Value Creation through Intangible Assets.

Model B SE B t-Value

Intangible Asset Value Indicator (Y3)

Intercept: 9.425 ⇥ 102 1.874 ⇥ 102 5.030

Sifide-2013 (X14): 1.047 ⇥ 10�4 * 4.333 ⇥ 10�4 0.242

Sifide-2014 (X15): 8.037 ⇥ 10�4 * 6.219 ⇥ 10�4 1.292

Sifide-2015 (X16): �9.171 ⇥ 10�5 * 2.206 ⇥ 10�4 �0.416

Sifide-2016 (X17): �3.914 ⇥ 10�4 * 7.587 ⇥ 10�4 �0.516

Note: R2 = 0.01%; * p > 0.05.

Unlike the results of the models previously estimated for a macro perspective, the
results of Table 5 show that none of the variables that measure the tax incentives for R&D
activities by companies exert influence on the creation of value through intangible assets,
since it is possible to conclude significantly that the value of the beta coefficient parameters
is equal to zero (B = 0), not rejecting the hypothesis of nullity of the coefficients at a signif-
icance level of 5%. Additionally, the result of the adjusted determination coefficient (R2

Adjusted), brings evidence that the tax incentives granted for R&D activities are not useful
to explain the variability in the creation of value by the intangible assets of companies.

5. Discussion
5.1. General Discussion Concerning the Drivers of Innovation Capacity

Given the analysis carried out, it is possible to conclude that only the research Hypoth-
esis 4 can be partially validated, given that researchers dedicated to R&D from non-profit
institutions and companies have a significant and positive influence on both the number
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of patent/invention applications and the number of trademark registrations and other
distinctive trade signs.

Such results are in line with other investigations [42,67–69], which show that public
and private economic actors who are directly involved in research play an important role
in the process of developing innovations, embodied in the number of patent applications,
through basic research and the identification of solutions to hitherto unknown problems.

Regarding the influence of the workforce, represented by the number of total human
resources of both micro and small companies and large companies, the results found point
to the rejection of research Hypothesis 1, so the total number of human resources did not
prove to be a significantly influential variable in the number of patent/invention filings
and trademark registrations. Such results may be associated with the fact that not all
innovations developed in the business sphere are effectively patented, which potentially
hinders the identification of relationships between these variables. In this sense, the isolated
analysis of the total number of workers employed according to the number of patent filings
may not constitute an appropriate measure for the evaluation of innovation capacity, since
not all innovations are protected by patents [43].

Regarding the influence of R&D investments on the number of patent/invention
applications and trademark registrations, the non-validation of research Hypothesis 2
may be related to the fact that within the block of countries constituting the European
Union, only countries like Finland, Switzerland, Denmark, Austria, and Luxembourg have
increased their innovation capacities according to R&D investments, considering the period
2000–2010. Countries such as Spain, Portugal, Italy, the Czech Republic, Estonia, Hungary,
and Slovakia performed poorly in this respect during the same period. However, this does
not mean that R&D investments are not important, but that they cannot be analyzed as an
isolated metric for determining innovation performance [39].

The non-validation of research Hypothesis 3, regarding the influence of scientific
production on the number of patent/invention applications and trademark registrations,
may be directly related to the fact that although some basic research accomplishments
may promote development through technological innovations, they necessarily require
a certain time to be accepted and absorbed by the public. They require time to present
their concrete effects in terms of basic research results [42], among which there are new
patent/invention applications and trademark registrations. Although it cannot be said
that scientific publications have a direct influence on the number of patent/invention
applications and trademark registrations when considering the Portuguese evidence, in the
German context there is empirical evidence that the increase in scientific publications has a
positive influence on private sector investments, as well as on the employment rate [63].
Additionally, it is worth noting that some scientific areas have, historically and naturally,
less technological productivity than others [82,83]. Thus, when we analyze the influence of
scientific production on the production of patents/inventions and trademark registrations,
considering all scientific fields, that is, from a macro perspective, the results may diverge
from many previous studies that analyze by technological area/field.

Concerning the influence of tax incentives on the ability to innovate by creating value
from intangible assets, Reference [61] found empirical evidence that Portuguese startups
that benefited from the tax incentives through SIFIDE during the period from 2012 to 2016
behaved differently from those that did not benefit from the same incentive in terms of
business performance, profitability, the weight of intangible assets and value-added by
employees. Accordingly, the non-validation of research Hypothesis 5 may be related to the
fact that the influence of tax incentives through SIFIDE on the creation of value of intangible
assets cannot be evaluated in a linear manner, embodied in a relationship of moderation,
but rather, together with other intervening variables or mediators, related to the availability
of resources (i.e., quality of the workforce, physical resources, total assets, etc.) and infras-
tructure (i.e., management styles, organizational culture, risk tolerance, among others) for
solving problems [84] that bring innovation and consequently competitive advantages [85].
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5.2. Drivers of Innovation Capacity and the Possibility of Fostering Open Innovation
Because of the challenges posed by the knowledge-based economy, external sources

of specialized knowledge can be of great value to companies in dealing with uncertainty
and instability to provide innovation [13]. In this sense, Reference [86] point out that the
development of innovation capacity in Europe should be based on the creation of new
sources of knowledge, especially given the empirical evidence that government programs
such as the Research and Innovation Strategies for Smart Specialization have a positive
influence on innovation capacity.

Given this context, the adoption of an open innovation strategy must be based on
the optimal combination of internal and external resources to generate value, in such a
way that the efficiency of the companies regarding the knowledge input (inbound OI)
flows is based on the ability to manage the relationships with external sources and on the
definition of strategies to combine internal knowledge (outbound OI) with those acquired
externally [87].

However, as noted by [88], the mere openness of innovation processes does not result
in positive effects on innovation performance. Thus, the authors suggest that managers
should develop strategies for the opening of their innovation processes that focus both on
the quality of relationships to favor the growth of trust and routines among agents, and on
a reliable number of collaborations that enhance the external acquisition of knowledge.

Nevertheless, unlike Spain, which has focused on the use of specialized information
sources, concerning the inbounds of open innovation, Portuguese companies have focused
on the acquisition of technology and the use of external knowledge through Open inno-
vation activities based on structured cooperations and pecuniary activities [89], which
has characterized Portuguese companies as incipient in terms of open innovation when
compared to companies in other European Union countries [13].

Accordingly, and considering the results of the present research, specifically the
empirical evidence that researchers dedicated to R&D from non-profit institutions (i.e.,
inbound OI) and researchers from companies (i.e., outbound OI) exert significant influence
on innovation capacity, it is argued that the development of an optimal strategy for the
strengthening of open innovation by Portuguese companies should take into account the
use and combination of these two specific knowledge flows.

More specifically, the use and combination of these flows can stem from the absorptive
capacity of companies, insofar as it refers to the ability to exchange and combine informa-
tion with different sources for the creation of new information [4] being fundamental to the
conception of new ideas that lead to innovation, especially when considering the empiri-
cal evidence found by the authors of [90]. They state that that Knowledge Management
Capacity (KMC), embodied by absorptive capacity, readiness for collaboration, inventive
capacity, and connective capacity, is an important mediator of the relationship between
open innovation and innovation capacity, enhancing its effects.

On the other hand, the flows of knowledge identified as influential for innovation
capacity can also be used as a starting point for the adoption of an open innovation model
called integrated collaboration, since in this model companies seek external contributions
concerning technology and know-how for various points or phases of their innovation
processes, although limited to a few partners [91]. Thus the systematic adoption of this
model centered on the use and combination of researchers dedicated to R&D from non-
profit institutions (i.e., inbound OI) with researchers from companies (i.e., outbound OI)
can enhance both performances in terms of open innovation and innovation capacity per se.

6. Concluding Remarks
6.1. Main Findings and Implications for Open Innovation

The main objective of this research was to identify the knowledge flows that are
responsible for promoting the innovation capacity of Portuguese companies to fill the gaps
in the literature, particularly concerning the types and combinations of knowledge flows of
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open innovation, as well as the scarcity of studies on the relationship between innovation
capacity and open innovation in Portugal.

In this sense and considering that an adequate strategy for open innovation must be
based on the context in which companies operate, the design of policies for the promotion
of open innovation must take into account the unique characteristics of each country [16],
the originality of this research lies in the fact that it is the first attempt to understand the
possible implications of the determinants of innovation capacity on open innovation from
an exploratory study concerning the flows of knowledge that determine the ability to
innovate more pointed out in the literature.

Considering the analysis carried out at a macro level, the results found indicate
that researchers dedicated to the R&D of non-profit institutions and companies exert
significant influence on both the number of patent/invention applications and the number
of trademark registrations and other distinctive trade signs. Adding to this, in terms of
relative importance, the variable researchers dedicated to R&D of non-profit institutions
proved to have the greatest influence on the two estimated models.

In light of these results, especially the evidence that the researchers dedicated to R&D
of companies exert influence on the number of applications for patent/invention filings
and trademark registrations and because the same influence has not been verified about
the total human resources of the companies, it is possible to see that the involvement
of employees in R&D activities becomes more important for the capacity of innovation
than the total number of employees. This follows the precepts of the current knowledge-
based society, in which knowledge becomes perceived as more important than capital and
workforce [92].

On the other hand, as regards the analysis carried out for the micro perspective of
innovation capacity, embodied in the creation of value through the intangible assets of
Portuguese companies benefited by tax incentives for R&D activities, the results found did
not indicate their direct influence, but did not mean that this variable is not important, but
rather that it cannot be analyzed linearly in a moderation relationship.

Regarding theoretical contributions, the present research brings empirical evidence
that researchers dedicated to R&D from non-profit institutions, ultimately characterized as
inbound OI, and researchers from companies, embodied as outbound OI, exert significant
influence on the innovation capacity of Portuguese companies. As a result of this evidence,
as a practical contribution, the results found suggest that the development of strategies
for enhancing open innovation practices by Portuguese companies can start from the
combination of these specific flows of knowledge, operationalized both by the absorptive
capacity of companies and by the adoption of a general model of open innovation, especially
that of integrated collaboration.

6.2. Limitations and Avenues for Future Research
In terms of limitations, it is important to note that the econometric models were

estimated from data on a single country, so the results reflect only the context analyzed,
making it impossible to generalize them. In this sense, other variables may be significant
depending on the particular characteristics of other regions, so it is suggested, in terms
of future research, to replicate this analysis in a broader sample of countries, as well as to
investigate fiscal incentives together with other intervening variables through Structural
Equation Modeling (SEM) to determine the mediating effects on innovation capacity.

Besides this, universities have excelled in developing innovations in several countries
and companies, especially in technology-intensive sectors. However, the management of
patents by these institutions can be an extremely complex task, often requiring the presence
of a legal department, generating excessive costs that make it impossible to transfer tech-
nology to small markets [93,94]. Within this context, the adoption of intellectual property
management practices is essential, especially concerning academic patent portfolios [95].

In this sense, it is suggested as an area of future study to evaluate the current state
of the patent portfolios of Portuguese Universities, to determine the degree of efficiency
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of these in their development and knowledge transfer processes. Besides this, empirical
evidence indicates that patents in dispute (litigation) tend to be more important than those
that are not in dispute [96], therefore, as a future study area, characteristics and/or factors
that affect the value and importance of Portuguese patents should be identified. Finally,
it would be interesting to measure the reverse effect, more specifically, the effect open
innovation [97,98] has on innovation capacity drivers.
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Abstract 

The creation and dissemination of scientific knowledge have been widely studied. However, studies revealing the 
influence of peer collaboration on the productivity of academics with widely recognized performance remain scarce. 
The same can be said about the size of collaboration networks and the expected range of co-authors for maximizing 
scholarly productivity. In this sense, the present investigation aimed to analyze the possible collaboration-scientific 
production and collaboration-dissemination elasticities of knowledge. To this end data was collected on the scientific 
production and collaboration of the 500 authors of the most cited articles on Open Innovation, as well as of all 86 
Nobel Laureates in Economics available in the Scopus database. The data was treated and analyzed using the simple 
regression statistical technique, based on the Ordinary Least Squares (OLS) method with the incorporation of nonlin-
earities, characterized by the use of a Log-Log Model. The results point out that collaboration among peers exerts 
significant influence on the production and dissemination of knowledge, even among the most prominent individuals 
in their fields, such as Nobel Laureates in Economics, confirming what is found in the literature on the subject. How-
ever, despite what the literature points out, especially concerning the idea that the larger the collaboration network, 
the higher the productivity, the results found suggest that collaboration networks have the same characteristics of an 
economic production function, to the extent that after a certain point, the addition of one more researcher in the 
network generates the effect of decreasing marginal productivity.  

Keywords: Scientific Knowledge Creation; Science Dissemination; Network Collaboration; Open Innovation; Closed Innovation; 
Nobel Prize in Economics. 

 
 

1.Introduction  

Scientific production can be conceived as the result of the 
characteristics, transformations, and the revolution of its imme-
diate epistemological environment. Given the characteristics of 
the current knowledge society, namely hyper-connectedness, 
complex interdisciplinary links, and thanks to the development 
of new technologies at a constant pace, knowledge co-creation 
becomes a significantly expanded possibility (Lazcano-Peña & 
Reyes-Lillo, 2020).  

The current research practice is based on a new paradigm 
of scientific production, characterized by interdisciplinarity, het-
erogeneity, and intensified relationships among knowledge cre-
ators (Frutos-Belizón et al., 2019). This paradigm presents a 
process in which scientific knowledge production has evolved 
from an activity largely based on individual action to one built on 
collaborative efforts of a highly specialized research team. This 
team of experts is credited for being responsible for considera-
ble increases in knowledge production (Stvilia et al., 2010).  

In this context, researchers who benefit from the sharing of 
ideas, experiences, and resources from peer collaboration are 
likely to be more productive than those who do not. This as-
sumption is especially noticed when considering the informa-
tional and control advantages that come from the connections of 
(and between) collaborative networks (Contandriopoulos et al., 
2016).  

Within the perspective of social capital, which analyzes the 
connections among researchers within collaboration networks, 
the most common properties of collaboration networks seen as 
influencing the scientific production of management studies are 
centrality, density, size, and the presence of structural gaps 
(Hernández, 2013).  

In this sense, several studies addressed these properties 
and presented empirical evidence that collaborative networks 
have an influence on the productivity and knowledge dissemina-
tion both in terms of new articles and citations and on career 
development (Ardanuy, 2012; Paraskevopoulos et al., 2021; Pe-
tersen, 2015; Rotolo & Petruzzelli, 2013; Shahmoradi et al., 
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2020). However, to the best of our knowledge, there are no stud-
ies unveiling the influence of peer collaboration on the produc-
tivity of scholars with widely renowned academic performance, 
such as Nobel Laureates in Economics. In addition, there is a 
gap in the literature considering, at least, a range for determining 
the optimal size of collaborative networks and the expected 
range of co-authors in one paper in order to maximize the 
productivity of a given group of scholars (Hernández, 2013; 
Rotolo & Petruzzelli, 2013).  

This research is unique in its approach to the object under 
investigation, contributing to fill the gap in the literature concern-
ing the influence of peer collaboration on the scientific produc-
tivity of scholars of renowned academic performance, and to ap-
proach the size of collaborative networks and the expected 
range of co-authors in order to maximize academic productivity. 

This research has as its goal to identify the influence exerted 
by peer collaboration on the production and dissemination of sci-
entific knowledge. More specifically, it is intended to analyze the 
possible scientific collaboration-production and collaboration-
dissemination elasticities of knowledge to answer the following 
research question: Is the creation and dissemination of scientific 
knowledge by scholars of renowned academic performance a 
purely individual activity or a peer collaboration result?  

To this end, we analyzed how collaboration among peer 
scholars influences the production and dissemination of scien-
tific knowledge in two areas theoretically characterized as oppo-
site or at least orthogonal: Open Innovation (assuming that the 
defenders of this paradigm will follow a more collaborative re-
search process) versus the production of knowledge by Nobel 
Laureates in Economics (intuitively seen to occur in a closed in-
novation fashion). Specifically, if the definitions and distinguish-
ing characteristics of innovation models are applied (Lazzarotti 
& Manzini, 2009), the scientific production on Open Innovation 
should involve the creation and dissemination of knowledge col-
laboratively. These collaborations would take the form of open-
ing and sharing the research process with other scientists (i.e., 
an open innovation model). On the other hand, the scientific pro-
duction of the Nobel Laureates in Economics brings the idea of 
knowledge produced in an isolated way by a brilliant mind, there-
fore being a creative process based on a closed innovation 
model.  

To meet the research objective, data was collected on the 
scientific production and collaboration of the 500 authors of the 
most cited articles on Open Innovation, as well as of all 86 Nobel 
Laureates in Economics available in the Scopus database. Data 
was collected in May 2021 and was treated and analyzed using 
the simple regression statistical technique, based on the Ordi-
nary Least Squares (OLS) method with the incorporation of non-
linearities, characterized by the use of a Log-Log Model. 

In theoretical terms, this research brings as a contribution 
the evidence that even the most prominent researchers in their 
research fields need collaboration among peers to boost their 
performance in terms of scientific production, since the results 
found point to the influence of the collaboration network in the 
production and dissemination of knowledge (citations), in line 
with the current literature on the subject. On the other hand, de-
spite the postulate in the literature, that the larger the collabora-
tion network, the higher the productivity, the results found point 
to the fact that the collaboration networks have the same char-
acteristics of a given economic production function, especially 
concerning the decreasing marginal productivity, in which from 
a certain point the addition of one more co-author in the collab-
oration network generates a marginal decrease in productivity of 
this individual, thus constituting an important practical contribu-
tion. 

In addition to this introduction, this research consists of six 
other sections. Next, the theoretical framework is presented to-
gether with the research hypotheses developed. Immediately 

thereafter, the methodological procedures adopted are de-
scribed, as well as the results and the discussion. Finally, the 
conclusions and references used are presented.   
 

2. Theoretical Framework  
2.1 The Relations between Network Collabora-
tion and Scientific Productivity  

Scientific collaboration, traditionally defined as that which 
emerges from the co-authorship of scientific research, enables 
the division of tasks and the study of complex problems. Scien-
tific collaboration means including multidisciplinary researchers, 
since it is based on the integration of skills, knowledge, and re-
sources (Araújo et al., 2014).  

As advocated by Adam Smith, the division of labor is at the 
core of any productivity increase activities and is a critical 
productivity factor (Phillipson, 2012). Transposing this metaphor 
to scientific production, greater results are achieved through 
synergies of collaboration and task division, which provide gains 
with productivity (Adams et al., 2005). Thus, the greater the 
number of research papers by a given author, the greater the 
number of articles which may be developed in collaboration. 
Among the benefits of collaborative research, authors involved 
in co-authorship have additional time to prepare other research 
papers since part of the work is done by other colleagues within 
a researcher’s collaboration network (Egghe et al., 2008). 

Therefore, extensive collaborations within any specific sci-
entific domain are increasing, which can be also observed in the 
amount of research published in scientific journals in the last 
decades. Moreover, the current assessment of a researcher’s 
performance is greatly based on bibliometrics indicators 
(Cainelli et al., 2012), which involves the total of papers pub-
lished and their consequent citations. Bibliometrics indicators 
are largely used by researchers that are aiming to identify the 
most prominent papers in the field and are considered as guid-
ance for acquiring and absorbing relevant knowledge available 
in the field (Yan & Guan, 2018).  

From this perspective, understanding collaborations among 
team members becomes important for at least two reasons. 
First, it highlights the changes in the function of scientific collab-
orations, which would otherwise remain hidden. Second, it high-
lights the important role as a channel for the flow of knowledge 
between researchers (Adams et al., 2005). 

Researchers who possess high levels of social capital (i.e. 
scholars that can be considered key nodes of a collaborative 
network) are more likely to develop influential research since 
they have the advantage of accessing a variety of knowledge 
and opportunities available from network collaborations 
(Contandriopoulos et al., 2016). However, time is needed to 
build collaboration ties, to obtain funding, and to increase scien-
tific productivity outcomes (Defazio et al., 2009). Aligned with 
Defazio et al. (2009) and Gayen et al. (2017) studies, we per-
ceive that trust is also key to building a scientific network, mainly 
as science is a time-consuming task and collaborations in a sci-
entific field are built on trust. Hence, we perceive that trust is a 
key element to form collaborations also due to the fact that un-
ethical behaviors and misconduct of partnered researchers may 
cause the ruin of a given researcher’s reputation (Okonta & 
Rossouw, 2014).  

In this sense, while it can be said that peer-to-peer collabo-
ration increases scientific productivity, these collaborations are 
not necessarily linked to collaborative networks formally devel-
oped by research centers. Moreover, funding for these networks 
may not result in the desired outcomes in terms of collaboration 
and scientific productivity (Contandriopoulos et al., 2018). This 
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evidence can be related to the interpersonal relationships devel-
oped within research teams, one of the determinants of scientific 
productivity (Love et al., 2021). 

The quality and diversity of resources, knowledge, and infor-
mation that a given researcher has access to depend directly on 
the number of nodes that this same researcher has formed in 
his collaboration network (Hernández, 2013). In this sense, the 
greater the number of collaborations, the greater the opportuni-
ties to access a variety of complementary resources, knowledge 
and information (Defazio et al., 2009).  

The sharing of resources and information through a collabo-
rative network is critical to the success in any given scientific 
field, especially given the fact that current scientific production 
is rarely done by an isolated individual (Gaughan et al., 2018). 
Hence, it is assumed that scientific production is a result of so-
cial outcomes, i.e., scientific knowledge sharing among schol-
ars. Network collaborations can influence the knowledge gener-
ation in cutting-edge topics relevant to humanity, such as those 
related to serious diseases - like cancer, resulting in collabora-
tive networks that are strongly correlated with oncological scien-
tific production (Ruiz-Patiño et al., 2020). 

Considering what was mentioned above, science - as a pro-
cess of knowledge creation, is a result of collaborative activity 
carried out by autonomous individuals (Özmen et al., 2016). 
More specifically, both knowledge creation and problem-solving 
are actions grounded in an inherently collaborative process 
(Oliveira et al., 2003). Thus, the size and composition of collab-
orative networks influence the outcomes and scientific produc-
tivity (Contandriopoulos et al., 2016; Gaughan et al., 2018). 
Therefore, the following research hypotheses are established: 

H₁: The number of co-authors exerts influence on scientific 
production. 

H₁.1: The number of co-authors exerts influence on scientific 
production on Open Innovation [Open Innovation researchers 
are expected to collaborate a lot in their research].  

H₁.₂: The number of co-authors exerts influence on the sci-
entific output of Nobel Laureates in Economics [who are not ex-
pected to collaborate a lot in their research].  

2.2 Empirical evidence related Network Col-
laboration and Scientific Productivity  

Cainelli et al. (2015) identified that the scientific productivity 
of Italian economists is largely determined by collaboration. Spe-
cifically, factors such as propensity to collaborate, international 
connections, and stability in collaboration behavior exert signifi-
cant influence on the individual productivity of studied research-
ers.  

Another research study conducted by Cainelli et al. (2012), 
with a community of 1,620 Italian economists, during the period 
1969 to 2006, brought empirical evidence that adding to individ-
ual characteristics, the propensity to collaborate with other re-
searchers was a variable that positively affected individual out-
put. Collaborations can also be seen in the field of Mathematics 
education, where evidence suggests an accelerated increase in 
scientific production with the prevalence of collective work over 
individual work (Cruz-Ramírez et al., 2020).  

In the output of the 30 most productive researchers between 
1948 and 2012, it was identified that the most published authors 
are also those with the highest collaboration levels (Abrizah et 
al., 2014). Additionally, Borjas and Doran (2015) assessed the 
impacts of scientific production and the exodus of Soviet math-
ematicians after the fall of the Soviet Union. The authors identi-
fied that knowledge production is more likely to occur when:  a) 
there is regular collaboration, b) two researchers jointly produce 
new intellectual knowledge, c) at least one of them being a high-
quality researcher.  

There is a positive correlation between scientific perfor-
mance - in terms of publications and impact, and the size of the 
collaboration network. Specifically, the greater the number of 
publications, the larger the collaboration network. However, this 
relation is influenced by a capacity limitation effect, in that after 
a certain point, high scientific performance is less associated 
with a large number of collaborations (Paraskevopoulos et al., 
2021). 

Even in the case of research centers, aspects such as the 
density, decentralization, and openness of the scientific collab-
oration network bring better results to productivity. Hence, the 
scientific productivity and research impact of a given organiza-
tion are related to the structure of its scientific collaboration net-
work (Yousefi-Nooraie et al., 2008). On the other hand, very 
dense collaborative networks can lead to lower productivity. 
However, for knowledge creation to occur it is important to have 
exposure to information from a diversified group of collaborators 
(Gonzalez-Brambila, 2014). 

Investigating the knowledge flows within a collaborative net-
work of a Research Institute in Endocrinology and Metabolism, 
Shahmoradi et al. (2020) found empirical evidence that the de-
velopment of the collaboration network increased the number of 
citations of the research published by the institute. Other re-
search studies (Ardanuy, 2012; Erfanmanesh, 2017; 
Mohammadian & Vaziri, 2017; Slyder et al., 2011) have under-
lined that the scientific collaboration network has a substantial 
impact on scientific productivity measured by the number of ci-
tations.  

Gonzalez-Brambila (2014) points out that the number of ties 
in a given collaboration network has the power to enhance sci-
entific productivity. Even more significantly, Gonzalez-Brambila 
(2014) found empirical evidence that interdisciplinary collabora-
tion shows better results in terms of scientific productivity and 
the position of centrality in the collaboration network.  

Hernández (2013) analyzed the co-authorship networks of 
76 research groups at the Polytechnic University of Valencia and 
found that the centrality and size of collaboration networks are 
determining variables for scientific productivity. Pragmatically, 
high citation outputs serve as a definitive proof of a researcher's 
recognition by the field of knowledge and confirming measure-
ment of a researcher’s reputation on a specific subject 
(Beskaravainaja & Kharybina, 2020). 

The way collaborative networks are designed and the re-
searcher’s centrality can influence scientific performance both in 
terms of quality and quantity of scientific knowledge production 
in the form of new research papers (Rotolo & Petruzzelli, 2013). 
In addition, collaborative networks, characterized by super links 
among researchers, can contribute to the development of a sci-
entific career for a given researcher. This benefit enhances the 
scientific production above the average and boosts the increase 
of citations by 17% (Petersen, 2015).  

Thus, there is a positive correlation between the frequency 
of citations of given research and the number of co-authors 
(Beaver, 2004). Considering the above mentioned evidence, the 
following research hypotheses are presented: 

H₂: The number of co-authors exerts influence on knowledge 
dissemination (Citations). 

H.₂.₁: The number of co-authors exerts influence on 
knowledge dissemination on Open Innovation.  

H.₂.₂: The number of co-authors exerts influence on the dis-
semination of knowledge produced by Nobel Laureates in Eco-
nomics. 

 
3. Research design 

This research aimed to examine how peer collaboration in-
fluences the production and dissemination of scientific 
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knowledge of individuals of renowned academic performance 
and prestige. Accordingly, since it seeks to analyze causalities 
between events that have already occurred, this research is 
characterized as causal-comparative (Creswell, 2014; Hair et 
al., 2009). 

Data on scientific production on Open Innovation, as well as 
peer collaboration, were collected in May 2021 in the Scopus 
scientific database. This database was chosen due to its rele-
vance of available scientific information, and due to it being one 

of the most used scientific databases in the world (Guz & Rush-
chitsky, 2009). 

Specifically, in the first strand, a Boolean search was con-
ducted in Scopus by considering the terms "Open Innovation". 
Searching procedures considered the title, abstract, and key-
words, and were limited by the type "articles", area "Business, 
Management and Accounting". The outcomes were ranked from 
the most cited, resulting in a total of 2,064 documents, according 
to the Table 1 below. Data collection was carried out on May 22, 
2021. 

Database                                                                Query Results  

Scopus   TITLE-ABS-KEY ( "Open Innovation" )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" 
) )  AND  ( LIMIT-TO ( SUBJAREA ,  "BUSI" ) )  

2,064 

Table 1: Searching procedures for the terms “Open Innovation”. 

Source: the authors. 
 

The second strand of research was to consider the 500 most 
cited articles. These research papers were selected and their 
authors' metadata was collected. Additionally, we collected the 
total number of published papers, the number of co-authors 
each author had in their collaboration network, and the number 
of citations.  

Similarly, after identifying all Nobel Laureates in Economics 
(n=86) during the period 1969-2020, metadata was collected 
and comprised the total number of published articles available 
in Scopus, the number of co-authors each laureate has in his 
collaboration network, and the number of citations. The search-
ing procedure adopted in this strand was the option "Author 
Search", where the names of all Nobel Laureates were identi-
fied.  

Both thresholds were treated and analyzed with the help of 
Numbers software (version 6.1) and R Studio (version 
1.2.5042).  

3.1 Variables and Statistical Techniques  

Aiming to respond to the research question, the statistical 
technique of simple regression was applied and was based on 
the Ordinary Least Squares (OLS) method by incorporating non-
linearities. This technique allows us to assess existing relation-
ships between an independent variable as a result of another 
dependent one (Dalgaard, 2008; Myers et al., 2010; Saunders 
et al., 2007), especially in terms of percentage variations.  

In this sense, we intended to analyze the possible elasticities 
of collaboration-scientific production and collaboration-dissemi-
nation of knowledge. The variables were analyzed through the 
Log-Log Model, the most appropriate for determining the varia-
tion (elasticity) of a dependent variable (y) as a function of an 

independent variable (x) (Wooldridge, 2012). 
The variables used in this research where:  
Dependent variables: (Y₁) Number of articles published by 

the authors of the 500 most cited articles on Open Innovation; 
(Y₂) Number of citations by the authors of the 500 most cited 
articles on Open Innovation; (Y₃) Number of articles published 
by the 86 Nobel Laureates in Economics; and (Y₄) Number of 
citations of the 86 Nobel Laureates in Economics.  

Independent variables: (X₁) Number of co-authors in the col-
laboration network of the authors of the 500 most cited articles 
on Open Innovation; (X₂) Number of co-authors in the collabo-
ration network of the 86 Nobel laureates in Economics. 

All estimated models were validated by using the criteria of 
R², normal distribution of residuals, independence of residuals, 
and homoscedasticity (Field, 2009; Hair et al., 2009; Myers et 
al., 2010; Wooldridge, 2012). 

 
4 Results and discussion 
4.1 Characterization of the scientific produc-
tion  

Figure 1 shows the evolution of scientific production related 
to the terms “Open Innovation”. As expected, it is clear that since 
the seminal article published by Chesbrough (2003), much re-
search has been conducted with this theme. Additionally, it is 
noteworthy that the interest of researchers intensified around 
2008 to reach a peak of more than 250 investigations conducted 
in 2020. Over the time period 2003-2021, the annual growth rate 
of scientific production on Open Innovation was 31.27%.  
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Figure 1: Scientific production evolution concerning Open Innovation over the years (2003-2021). 

 
In terms of collaboration on the “Open Innovation” theme, 

most of the scientific production came from the United States of 
America and from European countries. Collaborations are rep-
resented by the red lines in Figure 2. This collaboration map 
showed that, even though the literature underlined the im-
portance of structuring a collaborative network for scientific de-
velopment, the networks of scientists on the “Open Innovation” 
theme are formed in an asymmetric representativeness. In other 
words, most of the successful collaborations are concentrated 
in specific countries where the most cited researchers are tied 
to their institutions. Then, the peripherical collaborations showed 
weak ties, as seen in Asia, Latin America, and, especially, no 
collaboration with African researchers.  

These results evidenced that building collaborations de-
pends on the access to prominent researchers of leading uni-
versities, located in countries pertaining to the axis USA-Europe. 

When building a relevant collaboration network, it is key to ac-
cess leading researchers and research institutions in order to 
enhance not only the quality/quantity of productivity (measured 
by the number and citations of papers), but to also greatly en-
hance the overall quality of the research process and outcomes. 
The access to this social capital is key as underlined by Contan-
driopoulos et al. (2016) and Love et al. (2021).  

Moreover, even though some concentration degree is ex-
pected as a consequence of citations rankings, the challenge is 
how to balance and promote collaborations among researchers 
in peripheral regions/institutions, since a diversified group of col-
laborators allow access to diversified information needed in 
knowledge creation activities (Gonzalez-Brambila, 2014; 
Özmen et al., 2016). These collaborations, to occur, are greatly 
based on the willingness of researchers to collaborate (Cainelli 
et al., 2012). 

 

 
Figure 2: Collaboration WordMap concerning Open Innovation (2003-2021). 

Source: the authors 
 

Regarding the 500 most cited articles on the “Open Innova-
tion” term, Table 2 presents the characteristics of the scientific 
production and referred authors, as well as the scientific produc-
tion of the 86 Nobel Laureates in Economics. Regarding “Open 
Innovation”, each author published an average of 36.05 articles 

(s= 41.30) and presented an average of collaboration with 37.28 
co-authors (s=54.91) in a researcher’s network, reaching an av-
erage of 1,352 citations (s=2,268). On the other hand, for Nobel 
Laureates in Economics, each author published an average of 
79.13 articles (s= 64.31), with an average of collaboration with 
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58.52 co-authors (s=79.12) in a researcher’s network, reaching 
an average of 10,200 citations (s=13,492). All analyzed varia-
bles showed high standard deviations, indicating high variability 

concerning scientific productions, collaborations, and citations.   

 
 

Object under 
analysis 

Variables Mean  Standard deviation  Min Max 

Open Innovation 
(n=500) 

Number of papers 36.05 41.30 1 323 

 Number of co-authors in a re-
searcher’s network 

37.28 54.91 1 686 

 Total received citations  1,352 2,268 18 17,330 

Nobel Prizes 
(n=86)  

Number of papers 79.13 64.31 7 349 

 Number of co-authors in a re-
searcher’s network 

58.52 79.12 0 457 

 Total received citations  10,200 13,492 5 85,992 

Table 2 : Scientific production of the authors of the 500 most cited papers on “Open Innovation” and of 86 Nobel Laureates in Eco-
nomics (1969-2020). 

Source: the authors. 
 

Analyzing the average of published articles between the two 
groups (the scientists of “Open Innovation” and Nobel Laureates 
in Economics), it is possible to notice that Nobel Laureates pub-
lished 2.19 times more than the researchers of the “Open Inno-
vation” field of study. Comparing with the number of co-authors 
a given researcher has in his collaboration network, the Nobel 
Laureates possess 1.57 times more co-authors if compared with 
those in the “Open Innovation” field. These results are aligned 
with the assumptions that the greater the team of collaborators, 
the greater the productivity (Ardanuy, 2012; Paraskevopoulos et 
al., 2021; Petersen, 2015; Rotolo & Petruzzelli, 2013; Shah-
moradi et al., 2020). 

Thus, in both groups of scholars, it was identified that net-
works influence scientific productivity (Cainelli et al., 2012; Con-
tandriopoulos et al., 2016; Cruz-Ramírez et al., 2020; Gaughan 
et al., 2018). 

Concerning the group of Nobel Laureates in Economics, the 
average of 79.13 published articles resulted in an average of 

10,200 citations, 7.54 times higher than those scholars in the 
“Open Innovation” field. This result is aligned with the assump-
tion of Abrizah et al. (2014) when stating that most productive 
authors are those with highest levels of collaborations. Moreo-
ver, the comparisons between these two groups of scholars al-
lowed the identification of the aforementioned assumptions re-
lated to scientific productivity (total of papers and citations) and 
collaborative network (total of co-authors in a researcher’s net-
work).   

4.2 Estimating the power of collaboration in 
“Open Innovation” scientific production 

Aiming to identify the relations between peer collaboration 
and scientific production, and between the former and the dis-
semination of knowledge regarding “Open Innovation”, the Pear-
son's correlation was applied. The results are presented in Table 
3.  

 
Variables (Y₁) Papers (Y₂) Citations  

(X₁) Co-authors 0.72 0.51 

Table 3: Pearson's correlations between the dependent and independent variables. 

Source: the authors. 
 

Pearson's correlation results indicate that there is a strong 
and positive relation between the variables ‘Co-authors’ and ‘Pa-
pers’ ([ρ=0.70;0.89]) and a positive and moderate relation be-
tween the variables ‘Co-authors’ and ‘Citations’ ([ρ=0.40;0.69]). 
Hence, the strong and positive relation between co-authorship 
and number of papers signifies that the higher the number of 
authors, the higher the number of papers, which is aligned with 
the assumption of Paraskevopoulos et al. (2021).  

These results are in accordance with what is stated in the 
literature regarding the team of experts and the increase in 
knowledge production (Cainelli et al., 2015; Contandriopoulos et 
al., 2016; Cruz-Ramírez et al., 2020; Gaughan et al., 2018; 

Stvilia et al., 2010). On the other hand, even though the relation 
between co-authorship and citations presented a positive and 
moderate result, this relation is aligned with the assumption that 
developing collaboration networks increases the number of cita-
tions (Shahmoradi et al., 2020). Thus, greater efforts are needed 
in order to identify whether there are positive and strong rela-
tions in that citations are dependent on co-authorship.  

Given the evidence of the existence of strong and moderate 
relations between the aforementioned variables, and consider-
ing the objective of this research, we resorted to the estimation 
of a Log-Log regression model based on the OLS method for 
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identifying the collaboration-scientific production and collabora- tion-knowledge dissemination elasticities. The results are pre-
sented in Table 4.    

 
Models B SE B t-value 

Model 1: 
(Y₁) Papers Intercept: 0.20740* 0.06416 3.233 

 (X₁) Co-authors: 0.92778* 0.01999 46.404 

Model 2: 
(Y₂) Citations Intercept: 3.13047* 0.11321 27.65 

 (X₁) Co-authors: 1.02032* 0.03528 28.92 

Note: Model 1: R²= 81.16%; *p<0,01; F Statistic=2153. p-value<0.01; Model 2: R²= 62.59%; 
*p<0.01; F Statistic=836.5, p-value<0.01 

Table 4: Log-Log Regression Model for the Production and Dissemination of Knowledge about “Open Innovation”. 

Source: the authors. 
 

According to the results presented in Table 4, it can be con-
cluded that peer collaboration has a significant influence on sci-
entific production on “Open Innovation” (Model 1). In other 
words, peer collaborations are responsible for 81.16% of the 
variation in scientific production, according to the coefficient of 
determination (R²). Additionally, considering that the parameter 
value of the beta coefficient is different from zero (B≠0), rejecting 
the null hypothesis of the coefficient at a 5% significance level, 
equation [1] represents the scientific production as a function of 
peer collaboration and can be expressed as follows: 

ln(Papers_Open_Innovation)= 0.20740 + 0.92778 x ln(Co-
authors)                  [1]    

Specifically, for each 1% increase in peer collaboration, 
there is a variation of 0.92778% (B₁) in scientific production on 
the “Open Innovation” theme. On the other hand, the direct in-
fluence of adding 1 co-author on scientific production can be ex-
pressed employing exp(B₀), the result of simplifying equation 1, 
since the natural log of 1 is equal to zero. In this sense, the in-
clusion of 1 co-author generates the production of new scientific 
knowledge on “Open Innovation” in the order of 1.23 papers. 
These results confirmed the assumptions of the greater the 
number of collaborations, the greater the productivity (Abrizah 
et al., 2014; Ardanuy, 2012; Contandriopoulos et al., 2016; Cruz-
Ramírez et al., 2020; Gaughan et al., 2018; Paraskevopoulos et 
al., 2021; Petersen, 2015; Rotolo & Petruzzelli, 2013; Shah-
moradi et al., 2020).  

Concerning the dissemination of scientific knowledge about 
“Open Innovation”, the results shown in Table 4 allow us to con-
clude that peer collaboration also exerts significant influence on 
this variable (Model 2). Peer collaborations account for 62.59% 
of the variation in citations, according to the coefficient of deter-
mination (R²). Similar to Model 1, for Model 2 the null hypothesis 
of the beta coefficient is rejected at a 5% significance level. 
Hence, the dissemination of scientific knowledge as a function 
of peer collaboration can be expressed by equation [2]: 

 ln(Citations_Open_Innovation)= 3.13047 + 1.02032 x 
ln(Co-authors)                  [2]    

According to equation [2], for each 1% increase in peer col-
laborations, there is a variation of 1.02032% (B₁) in the dissem-
ination of scientific knowledge on “Open Innovation”. On the 
other hand, the direct influence of adding 1 co-author on the dis-
semination of scientific knowledge can be expressed through 
exp(B₀), a result of simplifying equation 1, since the natural log 
of 1 is equal to zero, as previously mentioned. In this sense, the 
inclusion of 1 co-author generates the dissemination of scientific 
knowledge on “Open Innovation” in the order of 22.88 citations. 

Thus, the knowledge dissemination expressed by the increased 
number of citations depends on the collaborative network a 
given research possesses, assumptions aligned with other find-
ings (Ardanuy, 2012; Paraskevopoulos et al., 2021; Petersen, 
2015; Rotolo & Petruzzelli, 2013; Shahmoradi et al., 2020; 
Erfanmanesh, 2017; Mohammadian & Vaziri, 2017; Slyder et al., 
2011; Beaver, 2004). 

4.3 Model assumptions validation for Open In-
novation scientific production  

For a Regression model estimated from a sample to be gen-
eralized to the population, it is necessary to satisfy some as-
sumptions that guarantee the non-bias or skewness of the esti-
mated coefficients (Field, 2009). Due to the estimated models 
being bivariate (Cooper & Schindler, 2014; Myers et al., 2010), 
mainly a Log-Log type, which examine the variation of a depend-
ent variable as a function of an independent variable 
(Wooldridge, 2012), the assumptions of (I) Normal distribution of 
residuals, (II) Independence of residuals, and (III) Homoscedas-
ticity were evaluated (Field, 2009; Hair et al., 2009; Myers et al., 
2010; Oliveira, 2007).  

Regarding the assumption of normal distribution of the resid-
uals, the Kolmogorov-Smirnov test was applied, whose obtained 
test value for Model 1 was 0.024 (d = 0.066346, p-value = 
0.02408) and 0.5862 (d = 0.034566, p-value = 0.5862) for Model 
2. These results are larger than the significance levels of 1% and 
5%, respectively. Then, it is possible to conclude that the resid-
uals of the two Models fit a normal distribution, considering the 
significance levels of 1% for Model 1, and 5% for Model 2.  

Verifying the assumption of independence of the residuals 
was made by applying the Durbin-Watson test, whose obtained 
proof value for Model 1 was 0.3161 (dw = 1.9574, p-value = 
0.3161) and less than 0.01 (dw = 1.4285, p-value = 7.046e-11) 
for Model 2. These results indicate that the residuals are inde-
pendent only for Model 1, or that they are not significantly corre-
lated among themselves at the 5% significance level.  

Although the Durbin-Watson test does not allow an unequiv-
ocal conclusion that the residuals are independent for Model 2, 
it is assumed that values obtained from this test are close to 2 
and between 1 and 3, which meet the assumption of independ-
ence of residuals (Field, 2009). In any case, it is assumed that 
the absence of conclusive evidence in this regard constitutes a 
limitation of the Model 2. 

To validate the assumption of homoscedasticity, the 
Breusch-Pagan test was applied. The obtained value for this test 
for Model 1 was 0.02 (bp = 5.7508, df = 1, p-value = 0.02) and 
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0.5749 (bp = 0.3145, df = 1, p-value = 0.5749) for Model 2. Then, 
obtained values allow us to conclude that the variances of the 
residuals at each level of predictors is the same, considering the 
significance levels of 1% for Model 1 and 5% for Model 2.   

 

4.4 Estimating the power of collaboration in 
the scientific production of Nobel Laureates in 
Economics  

Table 5 presents the results of Pearson's correlations to ver-
ify the between peer collaboration and the production and rela-
tions dissemination of scientific knowledge by Nobel Laureates 
in Economics. 

 
Variables (Y₃) Papers (Y₄) Citations  

(X₂) Co-authors 0.63 0.48 

Table 5: Pearson's correlations between the dependent and independent variables. 

Source: the authors. 
 

These results allow us to state that there is a positive and 
moderate relation both between the variables ‘Co-authors’ and 
‘Papers’ and between the variables ‘Co-authors’ and ‘Citations’ 
since the correlations found are in the range ρ=[0.40;0.69]. In 
this sense, given the previous evidence of the existence of a 

positive and moderate relation between the variables, we pro-
ceeded again to estimate a Log-Log regression model based on 
the OLS method for identifying the collaboration-scientific pro-
duction and collaboration-dissemination of knowledge elastici-
ties by Nobel Laureates in Economics. The results are seen in 
Table 6.    

 
Models B SE B t-value 

Model 3: 
(Y₃) Papers Intercept: 2.55926* 0.13880 18.44  

 (X₁) Co-authors: 0.45884* 0.03896 11.78  

Model 4: 
(Y₄) Citations Intercept: 5.5404* 0.3975 13.938 

 (X₁) Co-authors: 0.8210* 0.1116  7.358 

Note: Model 3: R²=62,28%; *p<0,01; F Statistic=138,7, p-value<0,01; Model 4: R²=39,19%; 
*p<0,01; F Statistic=54,14, p-value<0,01. 

Table 6: Log-Log regression model for the production and dissemination of scientific knowledge of Nobel Laureates in Economics. 

Source: the authors. 
 

Considering the results of Table 6, it is possible to conclude 
that peer collaborations have a significant influence on the sci-
entific production of this distinct group of scholars (Model 3), just 
as it was previously proved by scientific production concerning 
“Open Innovation”. Thus, the results are aligned with the previ-
ously analyzed literature for “Open Innovation” results. Specifi-
cally, peer collaboration is responsible for 62.28% of the varia-
tion in the scientific production of Nobel Laureates in Economics, 
according to the coefficient of determination (R²). Additionally, 
and considering that the parameter value of the beta coefficient 
is different from zero (B≠0), we reject the null hypothesis of the 
coefficient at a 5% significance level. Hence, equation [3] repre-
sents the scientific production by this distinct group as a function 
of peer collaboration and can be expressed as follows: 

ln(Papers_Economic_Nobel_Prizes)= 2.55926 + 0.45884 x 
ln(Co-authors)           [3]    

Thus, for each 1% increase in peer collaboration, there is a 
0.45884% (B₁) change in the scientific output of Nobel Laure-
ates in Economics. Additionally, as mentioned earlier, the direct 
influence of adding 1 co-author on scientific output can be ex-
pressed using exp(B₀). In this sense, the inclusion of 1 co-author 
generates the production of new scientific knowledge by Nobel 
Laureates in the order of 12.92 papers.  

These results are aligned with literature when stating that a 

high-quality researcher increases the team’s scientific produc-
tion (Borjas & Doran, 2015), and that the collaborative network 
may allow greater levels of quality of knowledge (Hernández, 
2013). Interestingly, our findings are the opposite of the assump-
tions of Paraskevopoulos et al. (2021), when stating about ‘ca-
pacity limitation effect’, where high scientific performance is less 
associated with a large number of collaborations.  

In terms of the dissemination of scientific knowledge pro-
duced by this group of scholars, the results shown in Table 6 
allow us to conclude that collaboration among peers also exerts 
significant influence on this variable (Model 4). Peer collabora-
tion accounts for 39.19% of the variation in citations, according 
to the coefficient of determination (R²). Similarly to Model 3, for 
Model 4 the null hypothesis of the beta coefficient is rejected at 
a 5% significance level, so the dissemination of scientific 
knowledge produced by Nobel Laureates in Economics, as a 
function of peer collaboration, can be expressed by equation [4]:    

ln(Citations_Economic_Nobel_Prizes)= 5.5404 + 0.8210 x 
ln(Co-authors)        [4]    

According to equation [4], for each 1% increase in peer col-
laboration, there is a variation of 0.8210% (B₁) in the dissemina-
tion of scientific knowledge produced by Nobel Laureates in 
Economics. On the other hand, the direct influence of adding 1 
co-author on the dissemination of scientific knowledge, ex-
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pressed through exp(B₀), generates the dissemination of scien-
tific knowledge produced by the members of this select group in 
the order of 254.78 citations. These results are also aligned with 
the previously analyzed literature as presented in the analyses 
of the group composed by the “Open Innovation” scholars.  

4.5 Model assumptions validation for Nobel-
Laureates-in-Economics’ scientific produc-
tion  

The models developed on the production and dissemination 
of knowledge by Nobel Laureates in Economics were estimated 
from the population. Thus, it is not necessary to validate the as-
sumptions to verify the bias of the estimated parameters for gen-
eralization within this group. However, taking the analyzed group 
as a sample of the general population of Nobel Laureates in all 
fields (Physics, Chemistry, Medicine, Literature, Peace, and 
Economics), the validation of the assumptions of (I) Normal dis-
tribution of residuals, (II) Independence of residuals, and (III) Ho-
moscedasticity, is necessary for the estimated models to be 
generalized to the Nobel Laureates in all other fields not studied 
in this research study. 

In this sense, to verify the assumption of normal distribution 
of residuals, the Kolmogorov-Smirnov test was applied, whereby 
the test value of 0.8411 (d = 0.064714, p-value = 0.8411) was 
obtained for Model 3, and 0.5278 (d = 0.08549, p-value = 
0.5278) for Model 4. Therefore, results are greater than the as-
sumed significance level of 5%, concluding that the residuals of 
the two Models fit a normal distribution, considering the signifi-
cance level of 5%. 

The assumption of independence of the residuals was as-
sessed by applying the Durbin-Watson test, whose obtained 
proof values for Model 3 was 0.2436 (dw= 1.8525, p-value = 
0.2436) and 0.1327 (dw= 1.7633, p-value = 0.1327) for Model 4. 
Therefore, it can be concluded that the residuals of the two mod-
els are not significantly correlated with each other at the 5% sig-
nificance level.  

To verify the assumption of homoscedasticity, the Breusch-
Pagan test was applied. The obtained test values for Model 3 
was 0.71 (bp= 0.13827, df = 1, p-value = 0.71) and 0.09 (bp= 
2.9059, df = 1, p-value = 0.08825) for Model 4. Therefore, results 
are greater than the 5% significance level, concluding that the 
variances of the residuals at each level of the predictors is the 
same, considering a 5% significance level. 

Given the validation of all the assumptions required for gen-
eralization of the estimated models (Dalgaard, 2008; Field, 
2009; Hair et al., 2009; Myers et al., 2010; Oliveira, 2007; 
Wooldridge, 2012), it is possible to state that the models devel-
oped can be applied for analyzing the production and dissemi-
nation of knowledge by Nobel Laureates in the other fields of 
knowledge, and it can be concluded that collaborations among 
peers is a variable of significant influence on both the production 
and dissemination of scientific knowledge of these individuals. 

4.6 Towards a sub-optimal number of co-au-
thorships for the maximizing of scientific pro-
duction and dissemination 

Based on the assumptions in the literature, we were in-
trigued to know the sub-optimal number of co-authors which 
would be maximizing scientific production and knowledge dis-
semination. Even though the explored literature pointed out that 
collaborative networks of experts are responsible for increasing 
knowledge production (Cainelli et al., 2015; Contandriopoulos et 
al., 2016; Cruz-Ramírez et al., 2020; Gaughan et al., 2018; 

Stvilia et al., 2010), no research tried to establish a sub-optimal 
number of co-authorship for suboptimal scientific production/dis-
semination. Only Petersen (2015) stated that collaborative net-
works boost the increase of citations by 17%.  

Additionally, the cause-consequence relation of the higher 
the collaborations, the higher a given researcher productivity is 
stated by many scholars (Abrizah et al., 2014; Beaver, 2004; 
Borjas & Doran, 2015; Gonzalez-Brambila, 2014; Par-
askevopoulos et al., 2021). As we mentioned, there is a lack in 
literature in considering, at least, a range for determining the 
size of collaborative networks and the expected range of co-au-
thors in one paper in order to maximize the productivity of a 
given group of scholars (Hernández, 2013; Rotolo & Petruzzelli, 
2013).  

We perceive that, at some point, the simple addition of a n 
co-author in a given paper will add very little contribution to the 
group’s productivity and, as a consequence, to its knowledge 
dissemination (citations). In other words, we perceive that the 
assumption of the higher the collaborations, the higher the 
productivity could not be considered as a linear function.  

The estimation of the marginal influences of the number of 
co-authors in the production and dissemination of scientific 
knowledge about “Open Innovation”, considering equations 1 
and 2, indicate that the sub-optimal number of co-authors for 
maximizing the production and dissemination of knowledge on 
this theme is between 5 and 6 (Figure 3). On the other hand, 
regarding the production and dissemination of scientific 
knowledge by Nobel Laureates in Economics, the marginal in-
fluences of the number of co-authors, determined by means of 
equations 3 and 4, indicate that the sub-optimal number of co-
authors for maximizing the production and dissemination of 
knowledge by this group of scholars is between 3 and 4. 

Given the results shown in the graphs below, it is also pos-
sible to state that the addition of one more collaborator in the 
collaboration network from the mentioned points (Between 5 and 
6 for Open Innovation and between 3 and 4 for the Nobel Lau-
reates in Economics) bring marginal benefits, in terms of produc-
tivity and dissemination of knowledge, lower than the marginal 
costs resulting from the inclusion of one more author (i.e. labor 
management costs, such as collaborations below expectations 
or divergences of personalities and egos, among others).  

Accordingly, the cause-consequence relationship pointed 
out by several researchers (Abrizah et al., 2014; Beaver, 2004; 
Borjas & Doran, 2015; Gonzalez-Brambila, 2014; Par-
askevopoulos et al., 2021) that the greater the collaboration, the 
greater the productivity, seems simplified, since the proposed 
relationship has the same characteristics as a given production 
function, especially concerning the decreasing marginal produc-
tivity, in which, from a certain point on, the addition of additional 
units of a given input generates a marginal decrease of the prod-
uct of this input (Goolsbee et al., 2018). 

Another interesting finding lies in the fact that the sub-opti-
mal number of collaborators needed for the maximization of the 
production and dissemination of scientific knowledge by Nobel 
Laureates remains low when compared to research on Open in-
novation, indicating that although high-level researchers neces-
sarily need a collaborative network to build and consolidate their 
reputations, in this case, elements such as the quality of inter-
personal interactions developed, as well as the positions of cen-
trality (i.e, scholars that can be considered key nodes of a col-
laborative network), seem to be more important than the abso-
lute quantity of collaborations, as pointed out by some research-
ers (Contandriopoulos et al., 2016; Love et al., 2021). 
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Figure 3: Estimation of the marginal influences of the number of co-authors in the production and dissemination of scientific 
knowledge for “Open Innovation” and for Nobel Laureate groups of scholars 

Source: the authors 
 

5.Concluding Remarks 
5.1 Main Findings and Implications  

The development and deployment of new technologies that 
foster opportunities for collaboration, such as open access col-
laboration platforms, web-based social networks, and email, 
have transformed science into a globally collaborative activity, 
in which both local and global interactions underlie the construc-
tion of a self-organizing collaborative network (Özmen et al., 
2016).  

As a result of this self-organizing collaborative network, 
many economists believe that both increased technological 
change and economic growth are largely driven by the positive 
externalities generated by knowledge production (Borjas & 
Doran, 2015). 

Our hypotheses were validated and the key word, for the cre-
ation and dissemination of scientific knowledge, is indeed "col-
laboration". In this sense, the number of co-authors has an in-
fluence on both scientific production and dissemination of 
knowledge with respect to research performed by Open Innova-
tion researchers and Nobel Laureates in Economics.  

Peer collaboration is important, even in the case of the 
productivity of widely recognized academics. The issue of 
whether the “genius lone wolf” will beat the pack of mediocre 
individuals, or even the group of enlightened individuals, is an 
old one. What our research shows is that no matter how talented 
you are you will most probably need collaborators to excel and 
be noticed. The size of your collaboration network, or team, is 
also important, and marginal productivity will decrease beyond 
a certain optimal point.  

The optimal number of co-authors, for maximizing the pro-
duction and dissemination of knowledge, is between 5 and 6. 
Nobel Laureates are more efficient and their teams may be 
smaller - between 3 and 4 members in size.  

From an innovation perspective, many great products have 
failed to become mainstream and to reach at least one third of 

the [global] target market, as Moore (2014) discussed. Moore 
(2014) also showed how positive word-of-mouth plays a funda-
mental role in the dissemination of novel products and certain 
products with the right marketing and communication can be-
come known to the world (Apple products are a good example - 
take the cases of the iPhone, iPad and iWatch). The work of 
Nobel Laureates and other prominent researchers has been 
less researched but may follow a similar process. You will need 
an effective network to succeed (Dehdarian & Tucci, 2021).    

Luís Vaz de Camões’ (who died penniless and alone) bril-
liant work Os Lusíadas was lost for three hundred years before 
being re-discovered and subsequently becoming a classic work 
and symbol of his nation. Therefore, to survive the turbulence of 
time, the product in itself will have to be good. More importantly, 
to write a classic work, you will need friends and associates, ac-
cording to our study, in order to optimize the outcome (e.g., pro-
duce high quality work which has a substantial impact).  

The essence of life, and to be successful and happy, means 
to collaborate, and to have a social network. For example, the 
Nobel Laureate is seen to be the pinnacle of individual intellec-
tual achievement, albeit even such an apparently individualistic 
result will, after all, depend, in the end, on the group and the 
company you keep. Hence, choose wisely.  

The American dream may be to make it by yourself, inde-
pendently, and on your own merit. Our study shows this to be 
only perhaps partially true. To make it and become a global 
brand, or household name, you must overcome the barrier of 
collaboration, amongst other barriers. Using the right channels, 
and having the right backing, and support, is seen to be essen-
tial. The old adage holds true: “behind every great man there is 
a woman” or, perhaps, “behind every great woman there is a 
man”. Herein, we rephrase to: “behind every great researcher 
there is a team”. Tell us who and how many you collaborate with, 
and we shall tell you how successful you might become. Of 
course, our research is exploratory.  

Albeit the evidence is clear. Do not try and succeed entirely 
on your own. The odds will be against you. Though luck may 
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also play an important part, however good you are, and as pre-
vious work has also shown (Machiavelli, 2000). Luck in finding 
the right timing (Gladwell, 2014), but also in finding the right peo-
ple to work with.  

Finally, as an endnote, open innovation researchers do in 
fact collaborate more than Nobel Laureates, who show them-
selves as being more “closed” in their approach. Albeit, a highly 
qualified team will always be necessary to excel.  

5.2 Limitations and Avenues for Future Re-
search  

As limitations, it is important to mention that the mathemati-
cal models were estimated using only some scientific productiv-
ity variables as parameters, such as the number of articles pro-
duced, the number of citations, and the number of co-authored 
collaborations, so the results are thus limited to aspects in terms 
of the influence of the number of co-authored collaborators on 
scientific productivity, or the size of the collaboration network. 
Other variables could be equally important in estimating new 
models, such as the personal characteristics and institutional 
ties of the researchers collaborating in a network. 

Accordingly, ineffective management practices regarding 
the amount of challenge, the degree of freedom, the formation 
of workgroups, the level of encouragement, and the nature of 
organizational support can kill or suppress creativity to the ex-
tent that they negatively affect intrinsic motivation, characterized 
by a strong desire to do something based on interest or passion 
(Amabile, 1998). In this sense, future research is suggested to 
identify the potential influences of factors related to the formali-
zation and management of collaborative networks on the pro-
duction of scientific knowledge. 

Walter et al. (2017) found evidence that the collaborative 
work developed among students with active and reflective learn-
ing profiles produced better results than that developed by stu-
dents whose dominant profile was the active form of learning. 
As a result, it is also suggested as future investigations the anal-
ysis of scientific collaboration networks from the individual learn-
ing characteristics of its members, relating them to research per-
formance in terms of production and dissemination of scientific 
knowledge. 

We would suggest future research addressing the following 
themes: the role of trust and time in building collaborative net-
works (Defazio et al., 2009); the impact of quality and diversity 
of shared resources, knowledge and information on collabora-
tive networks (Gaughan et al., 2018; Hernández, 2013); the pro-
pensity of high-quality researchers to collaborate (Cainelli et al., 
2012); the role of diversity/interdisciplinarity of collaborators to 
enhance information quality (Gonzalez-Brambila, 2014); and the 
inverse relation between the excellence of a given researcher 
and the number of his co-authors.  
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Main Highlights 

• A investigação buscou identificar como os incentivos fiscais para as atividades de I&D 

influenciam os atributos organizacionais das empresas portuguesas e são convertidos em 

inovação; 

• Foram analisados dados relativos ao Sistema de Incentivos Fiscais à Investigação e ao 

Desenvolvimento Empresarial (SIFIDE) e os seus relacionamentos com os atributos 

organizacionais que formam as bases da capacidade de inovação das empresas, tais como a 

infraestrutura, os recursos humanos e financeiros e, a experiência acumulada ao longo do tempo; 

• Assumiu-se o ativo intangível das empresas como proxy da capacidade de inovação;  

•  Os resultados encontrados sugerem que embora não se possa apontar de forma inequívoca como 

os incentivos fiscais são convertidos em inovação, os mesmos possuem efeito spillover nos 

atributos organizacionais que formam as bases da capacidade de inovação das empresas 

portuguesas - isto é, possuem influência direta na estrutura de capital, nos bens de capital e na 
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• Outro importante resultado diz respeito ao fato de que os incentivos fiscais para as atividades de 

I&D possuem um efeito causal direto nas vendas, quando controlados pelos ativos intangíveis. 

Em outras palavras, os incentivos fiscais se mostraram efetivos para promover o 

desenvolvimento e a comercialização de novos produtos.
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Abstract
Purpose – There is a scarcity of empirical evidence in the literature on the chain of causality involving tax
incentives for Research and Development (R&D) activities and their subsequent transformation into
innovation. This study aims to assess the influence of R&D tax incentives on the organizational attributes of
Portuguese firms to identify how they are converted into innovation.
Design/methodology/approach – A structural research model consisting of 339 companies that benefited
from the Fiscal Incentive System supporting R&D in Enterprises, during the period from 2013 to 2016, was
developed. Thiswas done to assess the role of R&D tax incentives on the organizational attributes that form the
innovation capacity. The model was validated using the multivariate statistical technique of structural
equation modeling with partial least squares estimation (partial least squares structural equation modeling –
PLS-SEM).
Findings – The results found suggest that although it is not possible to unequivocally identify the
mechanisms used to convert tax incentives into innovation, it is possible to conclude that they play an
important spillover effect for the construction and strengthening of organizational attributes. These form the
basis of innovation capacity, to the extent that they positively influence the firms’ total assets, equity, liabilities,
number of employees and sales. Hence, contributions are brought to both the literature on tax incentives and
the general literature on innovation.
Originality/value – For policymakers, the evidence points to the fact that in addition to the incentives
provided, novel mechanisms need to be established to help firms develop their absorptive capacity. The
objective is to effectively convert the incentives received into innovation through the organizational attributes
analyzed. From the firms’ point of view, the results found suggest that tax incentives act as a catalyst for
making R&D investments. Additionally, there is an influence on employability, which effectively enhances the
chances of innovation in the long run. Tax incentives received by Portuguese firms also have the effect of
promoting economic dynamism – by enhancing the following: investments in infrastructure, the hiring of
employees and the increasing of sales, generating positive externalities for both firms and society.

Keywords Research and development, R&D tax incentives, Innovation, Innovation capacity, SIFIDE,
Portugal

Paper type Research paper

1. Introduction
Research and Development (R&D) activities can be understood as one of the main elements
for innovation. The results of R&D, embodied in new products, processes, patent
applications, trademarks, among other results directly affected to the R&D activities,
reflect the capacity and innovation of companies (Govindaraju et al., 2013).
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However, market failures such as gaps between innovators’ private returns and the cost of
capital from external sources, imperfections in financial markets, information asymmetries
and positive externalities of R&D, give rise to opportunistic behavior, as well as firms’
imperfect appropriation of benefits derived from innovation. This leads to a decrease in the
propensity to invest in R&D (B!erub!e and Mohnen, 2009; Czarnitzki et al., 2011). Accordingly,
government intervention through the funding of R&D activities, intellectual property
protection and other development measures can stimulate the conception of new knowledge
as well as private R&D spending (Gokhberg et al., 2014).

In this sense, as governments try to mitigate the disparities between private and social
returns to knowledge and technology creation by stimulating R&D activities, assessing the
real effectiveness of policies to promote innovation activities becomes crucial. This is
particularly true when it is necessary to restore the sustainability of public finances (Buyse
et al., 2020).

Studies conducted in industrial companies in different countries such as the USA, Canada
and China (Czarnitzki et al., 2011; Dai et al., 2020; Guo et al., 2016; Kao, 2018) have pointed out
that subsidies and tax incentives for R&D activities have had a positive influence on the
development activities rather than on research. This is relative to the composition of R&D
spending, the design of technological and commercial innovations, in terms of new and
improved products, the quality of innovation, as measured by the number of citations and
patent rankings, as well as on general R&D spending at the firm level and at the country level
(Aralica and Botri!c, 2013; Avellar, 2009; Avellar and Botelho, 2016; Bloom et al., 2019; Brown
et al., 2017; Chen and Gupta, 2017; Huang et al., 2020; Jose et al., 2019; Mardones and
Natalia, 2020).

However, the effectiveness of these innovation policies cannot be determined solely based
on investments made in R&D or the production of innovation outputs after government
inputs (Buisseret et al., 1995).

The main problem with research that analyzes R&D expenditures and outputs as a
function of R&D tax incentives is that it does not usually consider the strategic nature of R&D
activities and does not weigh the relationship between tax incentives and corporate decision-
making and other factors that directly affect R&D spending (Tassey, 2007).

Although tax incentives are used bymost developed countries as an effective tool to foster
innovation, exempting from taxation part of the profits, which can be reinvested in product
innovation or to compensate part of the R&D expenses, the direct evaluation of their impacts
has proven to be a difficult task (Liakhovets, 2014). The existing empirical data cannot yet
unequivocally confirm or refute the hypothesis that tax incentives for R&D activities have
significant impacts on innovation activities, labor productivity, the welfare of the population,
economic growth, competitiveness of countries, foreign investment flows or other
developments concerning the subject (Gokhberg et al., 2014).

Due to the great complexity in transforming these incentives into innovations, there is a
gap in the literature on the existence of reliable and, therefore, unambiguous results of the
influence of tax benefits both at the firm level and at the country level (Liakhovets, 2014).

There are several studies (Bloom et al., 2019; Brown et al., 2017; Busom et al., 2017; Dai et al.,
2020; Jose et al., 2019; Kao, 2018; Wang and Kesan, 2020) that address the demand for
subsidies and tax incentives for R&D activities, the frequency of their use, impacts by
industry sector, as well as on performance and spending on R&D activities, among others.
Albeit the organizational mechanisms used to convert tax incentives into innovation remain
unexplored, constituting both an important research gap and an empirical challenge.

In this context, the main objective of this research is to assess the influence of R&D tax
incentives on the organizational attributes of Portuguese firms to identify how they are
converted into innovation. This was achieved using structural equation modeling with
partial least squares estimation. Furthermore, a structural research model was developed
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based on the relationships between the tax incentives received by Portuguese companies and
the organizational attributes highlighted in the literature (Collis, 1994; Khurana et al., 2019;
Lee and Yoo, 2019; Teece et al., 1997; Winter, 2003; Xu and Xu, 2013; Zahra et al., 2006). Thus
forming the basis for fostering the innovation capacity of companies (i.e. infrastructure,
financial and human resources, and the experience accumulated over time).

Our research contributes to the existent literature on tax incentives for R&D activities
(Czarnitzki et al., 2011; Dai et al., 2020; Guo et al., 2016; Kao, 2018). Evidence is provided of their
impacts on different organizational attributes that form the foundations of innovation
capacity, filling a gap identified in the literature (d’Andria et al., 2018; Gokhberg et al., 2014;
Guo et al., 2016; Liakhovets, 2014; Tassey, 2007). We suggest that the tax incentives received
can influence the capital structure of the companies, capital assets, the hiring of employees
and the increasing of sales.

The remainder of the research is organized as follows. In Section 2, the theoretical
framework is presented, in which the rationale behind the use of tax incentives for R&D
activities and related investigations are discussed. In Section 3, the structural model and the
research hypotheses are described. Immediately after that, in Section 4, the methodological
procedures used to reach the stipulated objectives are exemplified. Next, in Section 5, the
results concerning the characterization of the sample are presented, as well as the validation
and evaluation of the measurement and structural models. In Sections 6–8, discussion,
conclusion, theoretical and managerial implications are explained, followed by
references used.

2. Theoretical framework
The literature review for this article is based on three central concepts – innovation and
economic strategy, R&D tax incentives, and innovation and economic growth. The three
central concepts and related investigations are discussed, in the remainder of this section.

2.1 The rationale behind the use of R&D tax incentives
Many nations, such as some in Southeast Asia and Europe have established innovation as a
central element of their economic strategies (Atkinson, 2007). In this sense, investments in
R&D activities can be understood as inherent costs for establishing a competitive position
since they allow the development and diffusion of innovation (Wonglimpiyarat, 2018).

In other words, private R&D investments can be considered one of the main indicators for
evaluating innovative performance. However, due tomarket failures such as imperfections in
financial markets, information asymmetries and positive externalities of R&D that lead to
opportunistic behavior, companies are led tomake investments belowwhat would be socially
optimal. Thus, many governments around the world have adopted policies to correct market
failures through tax incentives, subsidies or a combination of both (B!erub!e and
Mohnen, 2009).

The recognition by many governments that R&D activities are fundamental to economic
growth, in that they enable the development of new products as well as increase tax revenues
and jobs, has encouraged the provision of tax and non-tax incentives for companies to engage
in R&D activities (Huang et al., 2020). More specifically, the use of tax incentives and
subsidies for R&D activities is based on their potential to address market failures in the
production of knowledge by the private sector (Busom et al., 2017).

In this perspective, to encourage private R&D activities, governments can adopt various
tax incentive schemes based on expenditure schemes (e.g. tax credits) and revenue schemes
(e.g. income taxation). One must consider the fact that market-based incentives have the
greatest impact on the decision of firms to invest in R&D activities (Westmore, 2014).
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The popularity of tax incentives for R&D activities in OECD member countries
fundamentally resides in the flexibility that these instruments possess. In other words, they
are more comprehensive, reach a larger number of firms, have visible and rapid effects, are
easily adaptable and do not require considerable staff to manage them over an extended
period (Lhuillery, 2005).

In this sense, the attractiveness of using tax incentives for R&D is based on its neutrality.
In other words, any company that invests in R&D is likely to receive incentives, regardless of
the sector, region and type of company (Mardones and Natalia, 2020). R&D tax incentives
have not tailored effectiveness for each specific set of developing technology. Their effects are
general, increasing the propensity to increase R&D activities that are already being carried
out within a given industry (Tassey, 1996).

These kinds of policies are frequently used to stimulate innovation activities in the private
sector based on the perception that they are necessary for the promotion of long-term
economic growth (Wu et al., 2007). In this sense, tax incentives for R&Dactivities figure as one
of the most important tax policy instruments for promoting innovation in European Union
member states (Hod"zi!c, 2012).

However, determining the extent to which government interventions favor private R&D
investments remains a challenging empirical question. In particular, concerning the effects of
government programs to subsidize R&D activities remain inconclusive (Guo et al., 2016).

2.2 Related investigations concerning the use of R&D tax incentives
The effects of R&D tax incentives have varied among countries. In some countries, small and
medium enterprises have been identified as the most impacted by this type of policy, while in
others, it is the large companies (Bronzini and Piselli, 2016; Castellacci and Lie, 2015; Straathof
et al., 2014).

Meanwhile, R&D investments are fundamental to the promotion of innovation and
economic growth. Governments around the world have been concerned with developing
policies that encourage companies to incur R&D investments, mainly through tax incentives.
Accordingly, by 2020, 33 out of 37OECD countries, 21 out of 27EU countries and a contingent
of trading partners such as Argentina, Brazil, China, Russia, South Africa and Thailand have
adopted tax incentives as a means of stimulating R&D activities (OECD, 2020).

Tax incentives, as well as subsidies and patent rights, have been effective in stimulating
private R&D activities in nine OECD countries during the period 1985–1995 (Wu et al., 2007).
Along the same lines, the results found by Westmore (2014) after looking at 19 OECD
countries suggest that generous R&D tax incentives increase the productivity of R&D
activities in terms of the number of patents. Buyse et al. (2020) found similar results, as tax
incentives also proved effective in stimulating R&D activities in 14 OECD countries over the
period 1981–2012.

In terms of product innovation, by evaluating the impact of tax incentives on this type of
innovation in 29 European countries, Antol!ın-L!opez et al. (2015) point out that tax incentives
for R&D activities and subsidies for the acquisition of infrastructure are more effective for
established companies.

Further investigations on the impacts of tax incentives on product and process
innovations indicate that government support based on tax and non-tax incentives to
stimulate innovation in Malaysian manufacturing firms, exert effects only on process
innovations (Govindaraju et al., 2013). Meanwhile, in Croatia, the evidence points out that tax
incentives have statistically significant effects on product innovation but not process
innovation (Aralica and Botri!c, 2013).

Specifically, among the OECD member states, Spain and Portugal are the most generous
countries in offering tax incentives and subsidies for R&D activities (Lhuillery, 2005).
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Corchuelo and Mart!ınez-Ros (2010) point out that the Spanish firms most likely to take
advantage of R&D tax incentives are those with high innovation capacity and a stable
financial position. In addition, they found empirical evidence that tax incentives are
significant only for large firms in high-technology sectors, as they can ensure the viability of
their projects and are more involved in innovative activities.

Similar results were found by Busom et al. (2017), in which both tax incentives and
subsidies are mostly used by Spanish industrial companies that already perform R&D
activities. This is especially true for large companies and those in technology-intensive
industries.

Regarding Portugal, Ferreira et al. (2019) point out that Portuguese companies benefiting
from Fiscal Incentive System supporting R&D in Enterprises (SIFIDE) show a distinct
behavior when compared to those that do not use such incentives. Relevant is, above all, the
dependence on public and private concessions, financial performance, the importance of
intangible assets, value-added by employees, openness to foreign markets and the quality of
jobs created.

Another important finding regarding SIFIDE in Portugal is that the tax incentives have
proven effective in promoting investments in R&D activities. This occurs both for intangible
assets and for personnel linked to R&D activities. In other words, specifically in Portugal, the
tax incentives have had a direct effect on intangible assets and on the employability of a
qualified work force (Basto et al., 2021).

Besides the influence on intangible assets, the tax incentives also have proven effective to
promote sales, as pointed out by several authors (B!erub!e and Mohnen, 2009; Busom et al.,
2017; Ghazinoory and Hashemi, 2021; Guo et al., 2016; Mitchell et al., 2020; Santos et al., 2020;
Tian et al., 2020). This effect is directly related to the development and commercialization of
new products. In turn, this has fostered behaviors such as the willingness to take more risks,
increased R&D expenditures and the development of innovation quality, stimulated by tax
incentives (Avellar, 2009; Avellar and Botelho, 2016; Corchuelo and Mart!ınez-Ros, 2010;
Fabiani and Sbragia, 2014; Kao, 2018; Wonglimpiyarat, 2018).

Kao (2018) points out that from 1997 to 2007, the American companies that received the
most R&D tax incentives were those operating in the high-technology and medium-high-
technology sectors. In addition to this, he points out that tax incentives stimulate behaviors
such as the predisposition to take more risks, increased spending on R&D and the quality of
innovation, exemplified by the number of citations and patent rankings.

In Canada’s case, B!erub!e and Mohnen (2009) analyzing 2,785 industrial firms found
empirical evidence that firms that made simultaneous use of tax incentives and R&D
subsidies were more innovative. This when compared to those that used only tax incentives,
both in terms of developing new-to-the-world products and in terms of marketing these
products.

Wang and Kesan (2020) found empirical evidence that tax incentives through corporate
(company) tax credits and value-added (product) tax credits have an influence on R&D
activities and patent applications by small- and medium-sized enterprises in the Chinese
software and information and communication industries.

In this same direction, when evaluating the influence of tax incentives on R&D
expenditures of Chinese High and New Technology firms during the period from 2006 to
2016, Dai et al. (2020) found evidence that companies that received frequent benefits had
better research benefits, pointing to the importance of using them in the long term.

These results are similar to those found by Jose et al. (2019), who in analyzing the influence
of R&D tax incentives on R&D activities of Indian firms over the period 1995–2016, found
evidence that tax incentives are most effective in the pharmaceutical (high-technology)
industry. This was shown in terms of exports, profitability and leverage. Moreover, the same
effect does not hold in other industries.
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In countries like Brazil, evidence shows that participation in innovation promotion
programs, including tax incentives for R&D, makes firms more innovative, as well as
stimulates spending on innovative activities by small firms (Avellar, 2009; Avellar and
Botelho, 2016). However, the deduction of the costs of R&D activities through tax incentives
stimulates innovation activities only when companies show a profit (Fabiani and
Sbragia, 2014).

3. Structural model and research hypotheses
The effects of R&D tax incentives cannot be evaluated only in terms of their investments.
This is because they can create new knowledge and positive externalities for both firms and
society. However, given the difficulties in evaluating the impact of R&D tax incentives, few
investigations have been done, especially on the chain of causality involving innovation,
productivity and economic results (d’Andria et al., 2018).

In this sense, Figure 1 presents the structural research model developed to identify which
mechanisms are responsible for transforming R&D tax incentives into innovation,
characterized as a direct formative model (Edwards and Bagozzi, 2000).

The tax incentives for R&D activities are designed to stimulate R&D investments by
private companies, their innovation processes and overall investments to promote positive
impacts from a socio-economic perspective (Aralica and Botri!c, 2013). The mentioned
structural model has the variables Equity, Liabilities, Total Assets, Number of Employees,
Number of employees of R&D and Age. The model is based on the premise that the
consideration of companies as an isolated unit brings as a consequence the innovation
capacity as a function of the existence, evaluation and application of resources embodied in a
dynamic capacity (Collis, 1994; Teece et al., 1997; Winter, 2003; Zahra et al., 2006).

Figure 1.
Proposed structural
model and the expected
relationship among the
constructs
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In other words, for companies to have the ability to innovate, they must have the financial
and human resources and infrastructure to solve problems and use them appropriately. An
objective is to find and transform new sources of information and ideas into resources
(Khurana et al., 2019; Lee and Yoo, 2019; Xu and Xu, 2013). The combination of these
resources can be converted into intangible assets in the form of patents, trademarks, usage
rights, new products and processes, characterized as elements resulting from innovation
activities (Nakamura, 1999).

Established companies that have few competitors or some market power are more
likely to use tax incentives since they generate taxable income on amore regular basis than
new companies (Busom et al., 2017). The use of fiscal incentives by small and large firms is
conditioned by the presence of previous R&D activities. In other words, it is based on the
experience factor. This leads to the conclusion that fiscal incentives will be more likely to
stimulate R&D activities in established firms than in young firms (Busom et al., 2014).
Other studies (d’Andria et al., 2018; Chiang et al., 2012; Gondim et al., 2017; Govindaraju
et al., 2013; Jose et al., 2019; Mazzarol et al., 2010) suggest age-accumulated experience as
one of the factors affecting the intensity of R&D activities and consequently innovation
capacity.

Moreover, several studies involving 29 European countries and Taiwan (Acheson and
Malone, 2020; Antol!ın-L!opez et al., 2015; Chiang et al., 2012; Mart!ınez-Az!ua and Ros, 2008)
pointed out that tax incentives for R&D had impacts only on established firms, although it
can be stated that start-ups are also favored by such incentives (Straathof et al., 2014).

R&D investments by young companies are influenced by access to internal and external
sources of capital in both statistical and economic terms. Albeit, the same effect is not true for
more mature companies (Brown et al., 2009). Besides, to transform technologies into
marketable innovations, capital investments are strictly necessary (Wonglimpiyarat, 2018).

From this perspective, in assessing the determinants of financial constraints for small-
and medium-sized enterprises operating in the European Union space during the period
2014–2018, Santos and Cincera (2021) found evidence that innovative firms were most likely
to face financial constraints and that tax incentives had little influence in mitigating this
specific problem. This is because they were based on actual expenditures.

Thus, investments in R&D activities, as well as obtaining advantages through the use of
tax incentives, are conditioned by the presence and use of financial resources in the past. In
this sense, the tax incentives received are used to replace investments previously made.
Additionally, tax incentives for R&D activities have the effect of lowering the costs and risks
of these activities. This increases private profitability and, consequently, innovation
activities (Mart!ınez-Az!ua and Ros, 2008; Tassey, 2007).

Empirical evidence from research conducted in Brazil, Spain, the USA and Singapore
(Avellar, 2009; Avellar and Botelho, 2016; Corchuelo and Mart!ınez-Ros, 2010; Fabiani and
Sbragia, 2014; Kao, 2018; Wonglimpiyarat, 2018) suggest that tax incentives stimulate
behaviors such as willingness to take more risks, increased R&D expenditures and
innovation quality – especially in firms with stable financial positions and profits. In this
sense, the following hypotheses have been proposed:

H1. Tax incentives for R&D activities exert a positive influence on both equity and
liabilities.

H1.1. Equities, liabilities and age mediate the relationship between R&D tax incentives
and intangible assets.

The competitive advantages held by a given country or company are increasingly based on
the development of innovations, mainly through the generation of new knowledge by a
qualified labor force, which is subsequently incorporated into new products and processes
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(d’Andria and Savin, 2018). In this sense, the ability to find opportunities for the development
of new products and processes, as well as the effective implementation of R&D activities,
largely depends on the quality of the companies’ human capital (Busom et al., 2017). For
instance, technology-intensive companies that do not have a skilled and educated workforce
will find it difficult to develop their innovation activities (Govindaraju et al., 2013).

Additionally, the number of employees, their involvement in R&D activities and high-
performance work practices positively influence innovation capacity (Eberle et al., 2020; Rhee
et al., 2020; Romijn and Albaladejo, 2002; Stern et al., 2000). Hence, companies should be
concerned with both the quantity and involvement of their workforce in R&D activities.

Crespi et al. (2016) investigated the influence of R&D tax incentives on the R&D
expenditures of Argentinean firms, during the period 1998–2004. They found evidence that
tax incentives generally exert an influence on the expenditures of the firms analyzed.
However, when disaggregating the investments, the authors found evidence that tax
incentives have more impact on capital goods than on pure R&D activities, being greater for
large firms and for those that are low-technology. In addition, investments in R&D activities,
as well as the expansion of the installed capacity, are variables that influence the innovation
capacity of large Brazilian companies benefited by tax incentives (Santos et al., 2020). In this
sense, the following hypotheses have been proposed:

H2. Tax incentives for R&D activities exert a positive influence on both the total number
of employees and the number of employees in R&D and total assets.

H2.1. Both the total number of employees and the number of employees in R&D and total
assets mediate the relationship between R&D tax incentives and intangible assets.

Spending on R&D activities is positively associated with the innovation index of OECD
member countries (Balsalobre-Lorente et al., 2021). R&D activities are understood as one of
the main elements of innovation. Its results, embodied in new products, processes, patent
applications, trademarks, among other results directly affected by R&D activities, reflect the
innovation capacity of companies (Govindaraju et al., 2013).

Besides, companies that benefit from tax incentives invest in R&D activities
incrementally, making it possible to introduce innovations quickly, as well as increase
sales (Busom et al., 2017). Moreover, the evidence suggests that tax incentives have positive
effects on sales (Mitchell et al., 2020).

In a complementary way, empirical evidence found by Tian et al. (2020) suggests that the
R&D and new product sales performance of firms that have recently benefited fromR&D tax
incentives are lower than that of firms that receive the same incentives in the long run.
Accordingly, the following hypotheses have been proposed:

H3. Tax incentives for R&D activities exert a positive influence on firms’ intangible
assets.

H3.1. Tax incentives for R&D activities exert a direct causal effect on firms’ sales.

H3.2. Firms intangible assets mediate the relationship between R&D tax incentives, age,
equity, liabilities, number of employees, number of employees of R&D and total
assets and sales.

4. Method
The methodological design employed in this research was quantitative, more specifically,
non-experimental causal-comparative. We intended to determine the causes or ex post facto
consequences existing in a given group using a structural equation model that incorporates
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causal paths and the identification of the collective strength of multiple variables
simultaneously (Creswell, 2014; Hair et al., 2009; Ringle et al., 2014).

More specifically, this research aims to investigate how the Portuguese system of tax
incentives for corporate R&D investment (SIFIDE, in Portuguese) can be converted into
innovation from different organizational attributes pointed out in the literature, as
mentioned above.

The Portuguese system of tax incentives to corporate R&D investment (SIFIDE) is a tax
credit program used by the Portuguese government since 1997 to stimulate innovation. It is
operationalized through tax deductions on an annual basis according to the expenditures
made in R&D (Ferreira et al., 2019). The choice of analyzing Portuguese companies, especially
those benefiting from SIFIDE, is based on the availability of information. Additionally, it is
based on the fact that this incentive is considered one of the best in the world (Gonzales-
Cabral et al., 2017).

The data were collected in two distinct moments. In the first moment, the information
made available free of charge by the Portuguese Tax and Customs Authority concerning tax
incentives for R&D activities was analyzed. More specifically, this involved the SIFIDE. The
information can be found at: https://info.portaldasfinancas.gov.pt/pt/dgci/divulgacao/Area_
Beneficios_Fiscais/Listas_de_contribuintes_com_beneficios_fiscais/Paginas/default.aspx.

This first analysis aimed at collecting information on companies that received tax
incentives consistently over time. This is due to evidence (Dai et al., 2020; Tian et al., 2020) that
companies that make use of tax incentives in the long term obtain better results when
compared to companies that received them recently.

After analyzing 3,156 companies, a database was developed with 339 companies that
received tax incentives constantly, precisely in the interval from 2013 to 2016. The database
was composed of information such as the name of the companies, the tax identification
number (NIF, in Portuguese) and the total value of the incentives received.

In the second step, having the tax identification number of the benefited companies, new
information was gathered through the SABI database (Bureau Van Dijk, 2020). The
information was especially about organizational attributes and economic activity results,
referring to the fiscal year 2018 (last year available), embodying the component variables of
the constructs to be investigated through the structural model proposed in this research.

Starting from the premise that the present investigation aims to establish causal
relationships (Cooper and Schindler, 2014) between variables in an exploratory manner, we
resorted to the use of the multivariate statistical technique of structural equation modeling
with partial least squares estimation (partial least squares structural equation modeling –
PLS-SEM). This is an appropriate statistical technique for exploratory studies and with
complex models, in which the theory that underlies the causal relationships is not fully
developed (Abdi andWilliams, 2013; Bido andDa Silva, 2019; Hair et al., 2012). In this sense, it
is fully suitable for the present investigation. For this research, we choose to use the
SmartPLS software, version 3.3.2, given its user-friendly features and advanced reporting
options (Wong, 2013).

5. Analysis and presentation of the results
5.1 Sample characterization
According to the classification adopted by the European Commission on the definition of
SME (Comiss~ao Europeia, 2015), which considers turnover and annual headcount,
concerning the type of company, the 339 observations are distributed as follows: 49% are
medium enterprises, 34.8% are small enterprises, 11.5% are large enterprises and 4.7% are
micro-enterprises. As far as age is concerned, 61.1% are between 10 and 33 years old, while
another 31.3% of the total sample are between 34 and 56 years old.
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Concerning the characterization by technological intensity level, according to the criteria
adopted by Eurostat (2006), in terms of manufacturing, the companies analyzed are
distributed as follows: 22.4% are medium-low-technology, 21.2% are low-technology and
20.6% are medium-high-technology. On the other hand, in terms of services, 16.2% of the
companies analyzed are knowledge-intensive services, while 11.2% of them are less
knowledge-intensive market services.

Table 1 presents the summary of the descriptive statistics of the component variables of
the proposed structural model. In particular, the means and standard deviations allow us to
observe that all the variables analyzed have high standard deviation values, which suggest
high variability around the attributes analyzed.

5.2 Measurement model assessment
The model developed was based primarily on direct formative constructs (Edwards and
Bagozzi, 2000). In this sense, the indicators represent the cause of the analyzed constructs
(Hair et al., 2009; Jarvis et al., 2003). Most of them being characterized by theorized structural
relations between a single variable and latent constructs, given their accounting
characteristics. The measurement model was evaluated by using the (1) Absolute
Contribution of the Indicators in the constructs and (2) variance inflation factor (VIF).
These criteria were pointed out by Hair et al. (2012) as the most suitable for formative
constructs.

The results of Table 2 point out that only the variable Sifide 2013 contributes significantly
to the construct of tax incentives, since its effect is different from zero, as indicated by the
value of proof obtained (p-value < 0.001). Therefore, we opted to remove the other variables
for the mentioned construct. Furthermore, the VIF values indicate the absence of
multicollinearity (Imdadullah et al., 2016) between the different variables of the constructs.
The absence of a perfect linear relationship between the variables (Field, 2009) allows us to
conclude that they constitute valid formative indicators because they do not contain
redundant information (Diamantopoulos and Winklhofer, 2001).

5.3 Assessment of the structural model
Once the assessment of the measurement model was concluded, we proceeded to the
evaluation of the structural model using the R2 criteria, analysis of the significance of
structural relations, predictive validity (Q2) and effect size (f2), as pointed out by some authors
(Andreev et al., 2009; Hair et al., 2013).

Figure 2 presents the final result of the developed structural model. Accordingly, 95.7% of
the variance of the endogenous construct intangible asset is explained by the structural
model (R2 5 0.957; p-value < 0.01), while 65.8% of the variance of the endogenous construct
sales can be jointly explained by the constructs intangible asset and tax incentives for R&D
activities (R2 5 0.658; p-value < 0.01).

Variables Mean Standard deviation

R&D tax incentives (2013–2016) 115,210.28 V 207,757.46 V
Equity 16,627 240.97 V 72,294 025.96 V
Liabilities 20,883 826.70 V 102,088 111.70 V
Number of employees 167 398
Number of employees of R&D 23 46
Total assets 37,562 302.13 V 172,920 636.42 V
Intangible assets 933,271.39 V 10,989 173.76 V
Sales 39,085 313.34 V 229,115 821.45 V

Table 1.
Descriptive summary
of the component
variables of the
proposed
structural model
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Given these results, we argue that the high explanatory power of the constructs on the
variability of the intangible asset relates directly to the use and combination of organizational
resources, as pointed out by some authors (Collis, 1994; Khurana et al., 2019; Lee and Yoo,
2019; Teece et al., 1997; Winter, 2003; Xu and Xu, 2013; Zahra et al., 2006).

In other words, the combination of organizational resources (i.e. human, financial and
structural) favors the development of patents, trademarks, usage rights, new products and
processes that are the essence of intangible assets (Nakamura, 1999). Thus, it is possible to
state that the inclusion of the constructs in the proposed structural model becomes adequate

Variables T statistic (p-value) (VIF)

SIFIDE 2013 → tax incentives 196.61 (0.000) 1.00
SIFIDE 2014 → tax incentives 0.29 (0.77) 1.03
SIFIDE 2015 → tax incentives 0.31 (0.76) 1.00
SIFIDE 2016 → tax incentives 0.25 (0.80) 1.03
Age → age – 1.00
Equity → equity – 1.00
Liabilities→ liabilities – 1.00
Number of employees → number of employees – 1.00
Number of employees of R&D → number of employees of R&D – 1.00
Total assets →total assets – 1.00
Intangible assets → intangible assets – 1.00
Sales → sales – 1.00

Table 2.
Summary of

measurement model
assessment

assumptions

Figure 2.
Result of the developed

structural model
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and useful for the present study. On the other hand, themore restrained explanatory power in
the endogenous construct of sales suggests that other variables and constructs should be
related, such as marketing policies or the companies’ market position, among others.

In addition, no direct and indirect effects (i.e. either specific or total), were found between
tax incentives and intangible assetsmediated by the organizational attributes analyzed. Only
total effects were identified between tax incentives and the organizational attributes
analyzed. In that sense, regarding the significance of the theorized structural relationships, it
can be concluded that tax incentives exert a greater positive effect on total assets (r5 0.900;
p-value < 0.01), followed by positive effects on liabilities (r5 0.897; p-value < 0.01), on equity
(r 5 0.887; p-value < 0.01) and on the number of employees (r 5 0.487; p-value < 0.01).

Specifically in the case of sales (r 5 0.811; p-value < 0.01), the results point to a direct
causal effect from tax incentives on sales mediated by intangible assets, considering the
endogenous construct of sales. In this sense, Table 3 summarizes the results of the research
hypotheses.

Since the proposed model presents two endogenous constructs (i.e. intangible assets and
sales), it is also important to mention if they reflect reality without errors, through the
analysis of the predictive validity (Q2) and if they are useful for the model, according to
the effect size (f2). The values obtained for the predictive validity and the effect size of the
intangible asset constructs (Q2 5 ! 0.01; f2 5 22.25) and the sales (Q2 5 0.60; f2 5 1.92)
indicate that the model has strong predictive relevance only for the sales construct. The
constructs are useful for themodel with effects ranging frommoderate to strong, to the extent
that the values 0.02, 0.15 and 0.35 for the two evaluation measures are considered weak,
moderate and strong, respectively (Hair et al., 2013).

In a complementary way, it was also verified the predictive validity and effect size for all
other variables influenced by tax incentives (total assets: Q2 5 0.53, f2 5 4.23; equity:
Q2 5 0.51, f2 5 3.65; liabilities: Q2 5 0.52, f2 5 4.07; and number of employees: Q2 5 0.14,
f2 5 0.31). Hence, it can be concluded that tax incentives have high levels of predictive
relevance and effect size for the variables considered. This is because the observed values are
above the floor of 0.35, except for the predictive validity of the variable number of employees,
whose observed value is close to a moderate value.

6. Discussion
It has been a common practice in both developed and developing countries to adopt
government policies for innovation. This is then seen to stimulate economic growth and
competitiveness in themedium and long term (G!omez-Valenzuela et al., 2020), mainly through
subsidies and tax incentives.

While subsidies constitute a direct concession with a long tradition, tax incentives,
characterized as indirect concessions, have recently become a popular option in many

Hypotheses Relationship
Expected
signal Results

H1 Tax incentives → equity and liabilities + Supported
H1.1 Equity, liabilities and, age → intangible assets + Rejected
H2 Tax incentives → number of employees and number of

employees of R&D and total assets
+ Partially

supported
H2.1 Number of employees and number of employees of R&D

and total assets → intangible assets
+ Rejected

H3 Tax incentives → intangible assets + Rejected
H3.1 Tax incentives → sales + Supported
H3.2 Intangible assets → sales + Rejected

Table 3.
Summary of the results
of the research
hypotheses
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countries as part of a policy to stimulate R&D activities. Furthermore, innovation, as a
consequence, will improve (Dai et al., 2020). For example, with countries such as France and
Chile, Portugal has one of the most generous R&D tax incentive rates in the world, reducing
R&D costs by more than 30% (Bloom et al., 2019).

In this sense, understanding how tax incentives stimulate private R&D activities becomes
crucial for the design of effective incentive systems to promote innovation (Tian et al., 2020).
In the current knowledge-based economy, the dominant economic paradigm brings in its
essence knowledge as a driver of economic growth. Innovation is visualized as an organic
process, highlighting the need for new analytical bases for policies to stimulate innovation
(Llerena and Matt, 2005).

Given this context, almost all studies conducted since the 1990s on tax incentives point out
that they are effective tools that produce at least one dollar in R&D for every dollar forgiven
(Atkinson, 2007). In the specific Portuguese case, mainly through SIFIDE, for each euro not
collected, more than one euro is reverted in R&D expenses by the companies benefited by the
mentioned tax incentive program (Oliveira et al., 2019).

However, as mentioned above, the evaluation of the effects of tax incentives must go
beyond the mere comparison between the tax incentives received and the R&D expenditures
made by the companies.

The results of the present study are interesting. They point out that while it cannot be
stated unequivocally how R&D tax incentives influence innovation – since no significant
direct and indirect effects (specific or total) were found between the tax incentives and the
intangible assets mediated by various organizational attributes analyzed – the evidence
suggests that tax incentives cause direct spillover effects on important organizational
attributes that together form the mechanisms needed to promote innovation.

In other words, tax incentives have a positive influence on attributes pointed out by the
literature (Collis, 1994; Khurana et al., 2019; Lee and Yoo, 2019; Teece et al., 1997;Winter, 2003;
Xu and Xu, 2013; Zahra et al., 2006), as being fundamental for innovation capacities. These
include total assets, the financial structure of companies and the number of employees. In
addition, the results point to a direct causal effect of tax incentives on sales mediated by
intangible assets, considered an important economic attribute. Hence, the results found are in
line with Aralica and Botri!c (2013), in suggesting that tax incentives for R&D activities can
help strengthen internal innovation capacity.

More specifically, the tax incentives through SIFIDE are granted according to the
expenses incurred in R&D (Ferreira et al., 2019). That is, they are conditioned by the presence
and use of financial resources in the past. In this sense, given the evidence found that tax
incentives have a direct influence on the capital structure of the companies analyzed (i.e. on
equity and liabilities), we argue that they have the effect of substituting the expenditures
made. This allows for the reconstitution of the companies’ investment capacity.

In this scenario, when the companies recover their investments made through tax
incentives, they become able to make new investments. Consequently, this enables them to
again receive new incentives, thus developing a positive cycle of Investments–Incentives–
Investments. Considering that capital investments are necessary for the transformation of
technologies into marketable innovations (Wonglimpiyarat, 2018), the cycle described can
enhance investment in new projects that result in innovations. Subsequently, it reduces the
risks and costs associated with R&D activities.

Similar to other studies (Ferreira et al., 2019; Mitchell et al., 2020), the results found indicate
that tax incentives have a direct influence on employment (i.e. on the number of employees).
This result may be linked to the fact that in the Portuguese case, 55% of personnel
expenditures are eligible for tax incentives (Gonzales-Cabral et al., 2017).

Accordingly, we argue that tax incentives, by influencing employability, increase the
chances of innovation development in the long run. In other words, tax incentives are
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effective in the short run, while increases in the supply and quality of human capital are more
prominent in the long run (Bloom et al., 2019). The identification of new sources of information
and ideas, as well as the implementation of R&D activities that lead to innovation, are related
to human capital (Busom et al., 2017; Xu and Xu, 2013).

In countries like Brazil and Argentina, tax incentives have been influential in the
acquisition of capital assets (Crespi et al., 2016; Santos et al., 2020). We evidence this same
effect in the case of Portugal. The results point to a direct influence of tax incentives on the
assets of the analyzed companies.

Starting from the premise that SIFIDE brings expenses incurred with the acquisition of
tangible fixed assets as eligible for tax incentives (Gonzales-Cabral et al., 2017), we argue that
the results found are somehow related to the cycle of Investments–Incentives–Investments,
mentioned earlier. In other words, among all the variables analyzed, total assets are the most
influenced by tax incentives. This suggests that the development of the cycle of Investments–
Incentives–Investments has been deliberately based on investments in this type of
organizational attribute.

Another interesting result of our research is the identification of the direct influence of tax
incentives on the sales of Portuguese companies. More specifically, the results point to a
direct causal effect of tax incentives on salesmediated by intangible assets. As pointed out by
several studies (B!erub!e and Mohnen, 2009; Busom et al., 2017; Ghazinoory and Hashemi,
2021; Guo et al., 2016; Mitchell et al., 2020; Santos et al., 2020; Tian et al., 2020), tax incentives
have proven effective for the development and commercialization of new products, measured
by sales.

Therefore, we argue that the influence of tax incentives on sales may be related to this
same effect. In other words, tax incentives are directly related to the development and
commercialization of new products for both the firms and the market. Hence, the chances of
the beneficiary firms obtaining competitive advantages are increased.

According to Acheson andMalone (2020), the effectiveness of tax incentives is based only
on the presence of financial barriers. However, evidence from the present research suggests
that tax incentives for R&Dactivities have spillover effects that go beyond the financial issue,
fostering the foundation for the development and strengthening of organizational capabilities
that drive R&D activities. In addition, the effects on sales suggest that tax incentives can be
converted directly into the development and commercialization of new products.

Adding to this, the non-conversion of tax incentives into innovation through
organizational attributes may be related to the lack of knowledge to transform the results
of R&D activities into innovation (Hunady et al., 2020). This substantially involves
managerial issues, considering that capacity for innovation is not determined exclusively by
investments in R&D, but by other attributes that are part of the organizational reality (Silva
and Pedron, 2019). Among these attributes, we can cite management itself (Saunila and Ukko,
2012; Zawislak et al., 2012) and the lack of motivation to increase competitiveness due to
innovation activities (Simachev et al., 2015). This calls into question not the quality of the tax
incentives received, but the operationalization of these incentives by the benefiting
companies. In essence, it brings a managerial issue to the fore (notably, though beyond the
scope of this study, Portugal has been pointed out as being autocratic (Hofstede, 2001;
Oliveira and Ferreira, 2012) and adverse to change (Hofstede, 2001), both of which forbode
badly regarding innovation output (Amabile, 1998).

Other issues to be considered for the non-conversion of tax incentives into innovation
concern the premise that R&D activities are based much more on advances in basic science
and perhaps market demands than by tax incentives (Bloom et al., 2019). On other hand, the
non-conversion of tax incentives into innovation can be related to a purposeful behavior or
more specifically an opportunistic behavior aimed only at obtaining undue tax advantages
through tax incentives for R&D activities (Crespi et al., 2016). Another possible explanation
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can be drawn from the crowding-out effects (G!omez-Valenzuela et al., 2020), which is difficult
to prove in practice.

7. Conclusion
The transition to an economy based on innovation only becomes effective in the presence of
certain conditions. A favorable environment for the performance of the various economic
agents is also necessary (Nechaev and Antipina, 2015). It is becoming increasingly clear that
R&D investments are fundamental for the promotion of innovation and economic growth.
This has been prompting governments around the world to develop policies that encourage
companies to invest in R&D, especially through tax incentives (OECD, 2020). The effects of
innovation are felt not only in the competitiveness of a specific company but in the entire
industry, region or country. This is because the results of innovation generate spillover
effects intensifying their competitiveness (Xu and Xu, 2013).

There is a lack of reliable evidence in the literature on the effectiveness of tax incentives for
R&D activities. This research aimed to assess the influence of R&D tax incentives on the
organizational attributes of Portuguese firms – to identify how they are converted into
innovation.

The results found do not allow us to conclusively state which mechanisms are used to
transform tax incentives into innovation. No significant direct and indirect effects (i.e. specific
or total) were found in the relationship between tax incentives and intangible assetsmediated
by the organizational attributes analyzed. Albeit it is possible to categorically state that tax
incentives play an important spillover effect on organizational attributes that form the basis
of organizational capacity for innovation. Moreover, the effects on sales suggest that tax
incentives can be converted directly into the development and commercialization of new
products.

Additionally, we assume that innovation is preceded by innovation capacity. This
consists of the availability of resources, collaborative structures and problem-solving
processes (Bayarçelik et al., 2014). Results suggest that tax incentives for R&D activities act
as catalysts for the structural part that constitutes an organization’s ability to innovate.

It is also noteworthy that the non-transformation of tax incentives into innovation through
the organizational attributes analyzed may be related to managerial factors. Namely, this
may involve a lack of knowledge and motivation (Hunady et al., 2020; Simachev et al., 2015).
While involving other determinants for R&D activities, such as basic science and market
demands (Bloom et al., 2019), opportunistic behavior to obtain undue tax advantages (Crespi
et al., 2016) and, also, crowding out effects (G!omez-Valenzuela et al., 2020).

In terms of limitations, this research is the first attempt to analyze the effectiveness of tax
incentives through structural equation modeling with partial least squares estimation,
focusing especially on organizational attributes. In this sense, other variables that represent
R&D activities, as well as the results of innovation in terms of developed products and
processes can and should be used. In addition, we assume that innovation capacity is directly
related to intangible assets. However, other key factors of competitiveness (i.e. technology
management process, the relative position of the companies in the industry, among others)
can be used as proxies tomeasure innovation capacity. From this perspective, the strict use of
the intangible asset as a proxy of innovation capacity is another of the limitations of the
present research. Besides, the results found point to the effects of a specific tax incentive in a
specific country, so that it is necessary to analyze different tax incentives in these and other
contexts.

Insights into the forces of the competitive environment, namely, the need for new
products, processes and services, underpin much of corporate R&D investment decisions
(Tassey, 2007). The various governmental mechanisms for innovation support directly
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impact the preferences, choices and priorities of companies, which are determinants of
innovation practices (Simachev et al., 2015).

Much more than maximizing the utility of incentives and subsidies, the practice of
innovation seems to be determined by the result of individual choices. It is then suggested, as
a future study, the investigation of which factors influence managerial behavior for
innovation in Portuguese companies. A starting point may thus be the premise that the
characteristics of managers have a substantial impact on the probability of a company to
innovate (Mel et al., 2009).

Additionally,Mart!ınez-Az!ua andRos (2008), when analyzing Spanish firms, found evidence
that firms that received subsidies have greater innovative experience, especially large firms,
and are thusmore likely to use tax incentives. Therefore, it is also suggested as future studies, to
identify which factors are determinants for the use of tax incentives by Portuguese firms.

8. Theoretical and managerial implications
This research aimed to assess the influence of R&D tax incentives on the organizational
attributes of Portuguese firms. The aim was to identify how these can be converted into
innovation. Based on the results, the research brings several implications, both theoretical
and practical.

As theoretical contributions, the empirical evidence points out that in the specific case
under analysis: (1) tax incentives for R&D activities contribute more to the construction and
strengthening of organizational attributes, which are the basis of firms’ innovation capacity,
than to the innovation represented by intangible assets; (2) the absence of the direct and
indirect influences of tax incentives on intangible assets mediated by the organizational
attributes suggests that time is needed for the development of organizational processes for
combining resources more efficiently to promote innovation – which is ultimately a
managerial issue; (III) on the other hand, the direct influence of tax incentives on sales
mediated by intangible assets of Portuguese firms suggests that they are effective in
stimulating the development and commercialization of new products.

In terms of practical contributions, this research presents contributions both for public
policymakers for innovation and for firms and the economy as a whole. For policymakers, the
evidence points to the fact that in addition to the incentives provided, mechanisms need to be
established to help firms develop their absorptive capacity. This is necessary in order to
effectively convert the incentives received into innovation through the organizational
attributes analyzed. This is something novel, relating to absorptive capacity, and which has
not been addressed to date by policymakers, in Portugal. It is beyond the scope of this work to
state how the above is to be achieved, e.g. via a nation-wide training scheme and program.

From the firms’ point of view, the results found suggest that: (1) tax incentives act as a
catalyst for making R&D investments, through an Investment–Incentives–Investment cycle,
exemplified by the direct influence on the capital structure of the firms analyzed; (2) tax
incentives have an influence on employability, which effectively enhances the chances of
innovation in the long run; (3) the Investment–Incentives–Investment cycle is largely based
on making investments in capital assets; and (4) tax incentives received by Portuguese firms
also have the effect of promoting economic dynamism. This is because, in addition to
influencing the capital structure of firms, by providing resources for investments in new
projects, they also enhance the following: investments in infrastructure, the hiring of
employees and the increasing of sales, generating positive externalities for both firms and
society. Indeed, the subsidies or incentives granted (covering as much as 55% per human
resource), to aid and promote the hiring of qualified personnel, will be determinant factors in
effecting change in a low-cost and low-salary country, such as Portugal. Portugal does not
have a solid tradition of investing in the best human resources available, therefore, the
SIFIDE program is important from an innovation-building perspective.
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Natureza da Investigação: Qualitativa;  
Objetivos da Investigação: Descritivos e Exploratórios; 
Procedimentos Técnicos Adotados: Revisão de Literatura recorrendo à avaliação por Meta-
Síntese; 
Status: Publicado;  
Ano da publicação: 2021; 
Periódico: Quality - Access to Success;  
Classificação do Periódico (Scimago Journal & Country Rank): Q3/Q4; 
Base de Indexação: Scopus; 
Contributos Individuais: Conceitualização; Investigação; Análise Formal; Escrita do 
Manuscrito Original; Revisões e edições finais.  

Main Highlights 

• A investigação teve como objetivo identificar como o Big Data e as suas estratégias têm sido 

utilizadas para promover a inovação no âmbito empresarial. A partir disso, foram discutidos 

caminhos para a implementação bem-sucedida da Estratégia Europeia para os Dados; 

• Realizou-se uma revisão sistemática da literatura tendo como fundamento as bases de dados da 

Scopus e Web of Science como recursos de informação. As buscas nas referidas bases de dados 

resultaram em 25 títulos relacionados ao tema, dos quais 11 foram selecionados e analisados 

integralmente, recorrendo-se a uma avaliação por Meta-Síntese;  

• Os resultados da investigação realizada sugerem que as empresas têm fracassado na adoção do 

Big Data por não considerarem as necessidades particulares dos seus negócios, o que se 

configura como uma falha do ponto de vista estratégico; 

• No que concerne à Estratégia Europeia para os Dados, os resultados encontrados sugerem que 

além do fornecimento de serviços e infraestruturas de dados, bem como aconselhamento 

jurídico, torna-se imprescindível a implementação de mecanismos que estimulem o 

desenvolvimento de capacidades dinâmicas para que as empresas possam (re)configurar os seus 

recursos, rotinas e modelos de negócios para apropriação de valor por meio do uso do Big Data. 
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Abstract  

As a result of the disruptive and comprehensive power of using Big Data, organizations need to commit to its appli-
cation at a strategic level to achieve sustainable competitive advantages through its efficient use. Given this context 
and considering the importance of Big Data, this research aimed to identify how Big Data and its strategies, have 
been used to promote innovation, through a systematic review of the literature. Afterwards, it can be discussed how 
the research conducted on the subject can contribute to a greater chance of success for the European Data Strategy. 
From the research conducted in the Scopus and Web of Science databases, 25 titles related to the theme have been 
identified, 11 of which have been selected and read in full. The literature analyzed points out that the investigations 
have focused on developing models and strategies for the adoption of Big Data by companies, which commonly fail, 
due to not considering the needs and particularities of each business. In this sense, for the European Data Strategy 
to have greater chances of success, besides establishing an ecosystem propitious to the exploitation of the opportu-
nities with the use of Big Data, it must promote the development of dynamic capacities. So that Small and Medium 
Enterprises can reconfigure their resources, routines and business models according to the use of data. 

Keywords: Big Data; European Data Strategy; Innovation; Competitive Advantage; Systematic Literature Review. 

  
 

1. Introduction  

The analysis of a vast set of data can bring insights and in-
novations whose usefulness goes beyond the simple consump-
tion experienced by a single individual, by generating benefits to 
society more broadly through the optimization of industrial sys-
tems, the improvement of public safety, or by understanding the 
environment (Cavoukian and Castro, 2014). In this sense, Big 
Data holds the promise of significantly reshaping everything from 
government to international economic development to the way 
basic science is done, based on the premise that data itself is a 
promising source of opportunities for innovation. However, many 
innovators do not clearly understand how Big Data can improve 
innovation processes (Gobble, 2013). 

As a result of the disruptive and comprehensive power of us-
ing Big Data, organizations need to commit to its use strategi-
cally. Sustainable competitive advantages can come from devel-
oping and implementing actions, such as identifying market 
niches through Big Data, combining information from Big Data 
with emerging technologies to promote design-driven innova-
tions, and using crowd innovation. Based on the assumption that 
the analysis of a wide range of consumer information can help 
develop new products and services (Morabito, 2015). 

Given this context and considering the importance of Big 
Data, the purpose of this research is to identify how Big Data, 
and its strategies, have been used to promote innovation, 
through a systematic review of the literature. In a second mo-
ment, it is intended to discuss how the research conducted on 
the subject can contribute to the European Data Strategy having 
greater chances of success.      

The justification for this research is based on the fact that Big 
Data can be considered a central factor of competitiveness for 
the development and growth of companies. As they can benefit 
from the analysis and management of a vast set of data, ena-
bling opportunities for innovation management, innovation strat-
egies or marketing innovations. Besides, traditional decision-
making methods based on experience and intuition have 
changed dramatically to methods based on data analysis. In this 
sense, Big Data has played a significant role in predicting prob-
lems related to areas such as public health, economics, among 
others, so that decisions in these segments increasingly depend 
on the analysis of a vast set of data (Zhang et al., 2013). 

Besides the present introduction, this investigation is struc-
tured into four sections. In the next section, the method used to 
achieve the established objectives is presented. Next, the results 
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and discussion of the literature's systematic review are pre-
sented, constituting the central point of the present investigation 
and, finally, the conclusions and references used. 

 
 

2. Method  

The present investigation is characterized as a review of the 
literature. In this way, it started from selecting documents avail-
able on a particular topic, bringing in their essence information, 
ideas, data, or evidence from a specific point of view to achieve 
certain objectives or express a statement on the nature of a par-
ticular topic and how it has been investigated (Hart, 2018). It con-
sists of a systematic review, as it uses rigorous criteria to identify, 
critically evaluate, and synthesize all the available literature on a 
given subject (Fink, 2019).  

In this sense, the methodological design used is expressed 
in 3 distinct phases, namely in (I) Planning and Selection, (II) 
Extraction and (III) Execution, as recommended by some au-
thors (Cronin et al., 2008; Okoli and Schabram, 2010) for the 
effective conduct of a systematic literature review. 

In phase I, Planning and Selection, the literature review's pur-
poses were defined from the following research questions: how 
has Big Data, in terms of applications and data strategies, been 
used to promote innovation? What lessons can be learned to 
make the European Data Strategy more successful? 

Still, in this first phase, Scopus and Web of Science data-
bases were selected due to their relevance in scientific publica-
tions. These databases are the most widely used by different 
fields of studies for literature research (Guz and Rushchitsky, 
2009) and research and localization in the literature of infor-
mation resources, establishing, as inclusion criteria, studies 
linked to the areas of Management, Economics, and Accounting.  

The Boolean operators used were "Big Data" AND "Data 
Strategy" AND "Innovation", whose results are expressed in  

 
Table 1. As a result of the research, 25 titles were found (i.e. 

18 in Scopus and 7 in Web of Science). However, after reading 
the 7 titles from the Web of Science, it was found that 3 were 
repeated in Scopus and the one remaining did not fit the param-
eters defined for inclusion, being from the Health area, so they 
were excluded. From reading the 18 titles of the articles found at 
Scopus, 8 were selected for the reading of the abstract, whose 
criterion for selection was the exclusive focus on Big Data and 
Big Data strategies. Then, all 8 articles were selected and read 
in their entirety, considering that they met the inclusion criteria 
initially proposed. 

Concerning phase II, Extraction, a qualitative approach was 
chosen to extract information, since this approach allows the de-
velopment of a deeper understanding of events and situations 
(Cooper and Schindler, 2014). Regarding phase III, Execution, 
the information was analyzed employing a meta-synthesis, de-
fined as a non-statistical technique used to integrate, evaluate 
and interpret the results of multiple studies (Cronin et al., 2008). 
Above all, through the analysis and synthesis of key elements of 
each of the studies, which were later grouped into a conceptual 
block due to their similarities, renamed "Models and Strategies 
employed through the use of Big Data", constituting part of the 
results and discussion section. 

In general terms, about the purposes of the literature review 
conducted (Hart, 2018), this research aims to present an analyt-
ical and critical assessment of the subject in question. So it can 
distinguish what has been done and what is still possible in terms 
of research, as well as to establish a general context in which it 
is possible to rationalize the significance of the subject under 
analysis. 

 
 

Databases Boolean operators Titles Abstracts Papers 

  Total       Accepted Total        Accepted Total      Accepted 

Scopus "Big Data" AND "Data 
Strategy" AND "Innova-
tion" 

   18                 8   8                   8    8                   8              

Web of Science  “Big Data”AND “Data 
Strategy” AND “Innova-
tion” 

   7                    3   3                    3   3                    3  

Total    25                  11  11                   11                     11                 11               

Table 1: Search Results in Selected Databases and Articles. 
 

3. Results and Discussion  

Models and Strategies employed through the use of Big Data 
Most organizations fail to implement Big Data projects due to 

a lack of alignment with strategic organizational objectives and 
failure to consider the necessary organizational capabilities. 
Jedlitschka (2017) presents a conceptual model to assist in the 
implementation of Big Data projects, as well as in the develop-
ment of strategies for the same. Business innovations based on 
Big Data must start from considering the current context of a 
given organization, especially concerning its business needs, 
the potential business and Big Data solutions. Therefore to de-
termine the potential benefits, methods and organizational capa-
bilities for adopting Big Data, including finally a process of eval-
uation and readiness to implement the idealized solutions. 

In addition to the model mentioned above, which combats the 

lack of alignment with strategic objectives and the lack of con-
sideration of capacities by organizations, Mazzei and Noble 
(2017) claim that Big Data improves the functional capabilities of 
an organization. The model proposed by these authors provides 
an appropriate basis for internal corporate strategy discussions 
involving investments in Big Data, explaining how firms create 
value through various approaches. Thus, they present a 3 layers 
model, namely: 1. Big Data as a tool in the traditional value 
chain; 2. Big Data as a stimulus for new ventures and industry 
development; 3. Big Data as a driver of competitive strategy. In 
short, it reveals how more proactive organizations leverage Big 
Data initiatives to develop and maintain competitive advantage 
at various levels. 

Accordingly, and considering the growing technological de-
pendence and, in turn, in the data, according to Al-Qirim et al. 
(2017), this competitive advantage can be generated because 
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Big Data strategies are disruptive. It can also challenge and fos-
ter the need for organizations to use this technology more effec-
tively and ethically through a Big Data adoption model that al-
lows detecting key predictors of success in its two aspects, tech-
nology, and management. Thereby highlighting different contri-
butions, implications, and recommendations regarding the align-
ment between the organizational strategy and its needs accord-
ing to a broad set of data. 

In the same sense, intending to develop and empirically test 
a conceptual model for the Big Data strategy, Lakoju and Ser-
rano (2017) using a case study conducted at a Nigerian radio 
station. They have found evidence that the model called SAVI-
BIGD, developed through interviews and focus groups with the 
organization's main stakeholders – consisting of 5 phases that 
seek an assessment of the current state of the organization, as 
well as solutions in terms of Big Data – allows the alignment of 
business strategies with Big Data projects, bringing benefits 
such as obtaining competitive advantages while keeping costs 
at low levels. In a first moment, the model developed allows the 
continuous generation of strategic objectives of Big Data that are 
aligned with the organizational needs, which will later be treated 
by the developers of the Big Data solution. 

According to Kabir and Carayannis (2013), gaining a com-
petitive advantage through business analytics and intelligent so-
lutions is still a developing thing for many organisations. How-
ever, they understand that there is a wide range of knowledge 
and insights that can be extracted by using Big Data, considered 
as tacit knowledge that once removed, becomes explicit and 
widely available to an organization. Accordingly, these authors 
present a conceptual model for developing Big Data strategies 
that bring competitive advantages based on 3 distinct and se-
quential phases. According to the authors, the Big Data initiative 
must start from the satisfaction of prerequisites (Phase 1) related 
to management support, infrastructure, people, data-based cul-
ture, and absorptive capacity. Then, processing (Phase 2) de-
scribes the establishment of objectives, team building, metrics, 
and implementation plans to understand how the combination of 
people, processes, and technologies influences organizational 
performance. Finally, the authors argue that the outputs (Phase 
3) in terms of human capital, innovation, and new knowledge 
lead to competitive advantages.   

In a similar way to the authors mentioned above, Chen et al. 
(2016) point out that Big Data as a service has been a viable 
alternative to solve a series of problems in the implementation of 
a Big Data strategy, among which are the complexity of the sys-
tems, talent shortage, and high development and implementa-
tion costs. As a result of this scenario, when analyzing the Cisco 
Intercloud Analytical Platform, based on a model called "Neo-
Metropolis" – characterized by the use of different open source 
technologies that facilitate integration, easy prototyping for the 
expansion of choices in a single platform, enabling organiza-
tional innovation –, the referred authors found evidence that the 
adoption of Big Data as a service not  only solves the main prob-
lems of adopting a Big Data strategy but also allows the promo-
tion of innovation by customers in a more economical way 
through Big Data. 

Adding to that, Trabucchi et al. (2018) investigating the dis-
tinctive features of user-generated Big Dates (UGBD), as well as 
the way they favor the development of value creation strategies, 
using multiple case studies on social media applications used in 
smartphones (Twitter, Spotify, Strava and Deliveroo), found evi-
dence that user-generated Big Dates can be defined more as a 
user-centered innovation tool (UCI) than a user-driven innova-
tion tool (UDI), as users promote insights into their behaviors and 
needs, rather than promoting solutions in a co-creation process, 
characteristic of the user-driven innovation approach. Also, the 
authors point out that the Big Data generated by users enable 
the creation of value through different types of innovation related 

to users, the ecosystem of partners from a service perspective 
and, by opening up to new customers from a business model 
innovation perspective, contributing to Open Innovation (OI) both 
in terms of inbounds (i.e. user insights for service improvements) 
and outbound (i.e. information on preferences and behaviors 
provided to partners that enable the development of innovations 
from this data). 

Intending to develop and present a model to support an en-
trepreneurial plan based on sensors and the development and 
mapping of new products and services, Brown (2017) also ad-
dresses data from users. In this sense, the author defines differ-
ent data source clusters, which he calls crowdsourcing. These 
techniques are (i) situated crowdsourcing (digital elements in 
everyday environments), (ii) spatial crowdsourcing (temporal di-
mensions), (iii) crowdsensing (autonomous sensors, positioned 
in the environment or embedded in hardware devices, function-
ing as a source of data related to mobility) and (iv) crowdsourc-
ing through personal use devices (sensors embedded in the 
hardware of devices connected to the human body, clothing or 
accessories). Additionally, it discusses a model that allows or-
ganizing sensor-based entrepreneurship opportunities by two 
characteristics: level of data aggregation - it should be deter-
mined how to combine the data created by sensors - and sensor 
location - it should be determined where to locate the sensors 
that provide the data. The author concludes the study by reflect-
ing that all this new data will change the way companies interact 
with their customers, as this data can help them build stronger 
and more personal relationships. 

In terms of the breadth possible in implementing Big Data 
strategies, Lacam (2020) examines the interdependence of rela-
tional strategy and SMEs' data management policies during 
product innovation. Its model combines three theoretical dimen-
sions: the characteristics of Big Data policies, an innovative 
product, and a relational strategy. The role of Big Data in the 
creation of new products can be explained by the need for SMEs 
to explore a broad spectrum of new information that was tradi-
tionally far from the company's field of expertise. Thus they can 
better capture developments in current or future markets, to 
shake up the market and make existing products obsolete. 

Still, on the said amplitude, Sun et al. (2020) also tell us about 
the legislative context factors. The authors' study presents a 
model that incorporates factors from the technological, organi-
zational, and legislative context, influencing an organization's 
decision to adopt Big Data strategies. The results indicate that 
relative advantage, technological competence, technological re-
sources, support for top management, competitive pressure, and 
the legislative environment positively influence Big Data's adop-
tion by organizations. As main results, the authors showed that 
technological competence leads to greater confidence of execu-
tives in decision making, namely to adopt new information tech-
nology. The "top management support" factor was revealed to 
significantly affect the adoption of Big Data strategies. Regarding 
the size of the organization, it is revealed that this factor does 
not significantly impact the adoption of Big Data. 

Finally, to complete this discussion regarding the models and 
strategies employed through the use of Big Data, and the num-
ber of digital businesses is increasing, Unhelkar and Askren 
(2020) present a Big Data model for "agile" organizations - Big 
Data Framework for Agile Business (BDFAB). It is a strategic 
model that integrates: values, functions, phases, artifacts, prac-
tices, and business parameters. This model has a direct and 
practical impact on risk reduction in digital business transfor-
mation, using Big Data in organizations of medium and/or large 
size, which need a multidisciplinary, holistic, and long-term ap-
proach. Additionally, this model allows identifying and incorpo-
rating key values of the organization in a Big Data strategy. 

The European Data Strategy: what lessons can be drawn 
from the literature? 

https://paperpile.com/c/T5mmfL/2c7DT
https://paperpile.com/c/T5mmfL/2c7DT
https://paperpile.com/c/T5mmfL/2c7DT
https://paperpile.com/c/T5mmfL/2c7DT
https://paperpile.com/c/T5mmfL/jnYSQ
https://paperpile.com/c/T5mmfL/jnYSQ
https://paperpile.com/c/T5mmfL/jnYSQ
https://paperpile.com/c/T5mmfL/CshhW
https://paperpile.com/c/T5mmfL/CshhW
https://paperpile.com/c/T5mmfL/CshhW
https://paperpile.com/c/T5mmfL/CshhW
https://paperpile.com/c/T5mmfL/83HRp
https://paperpile.com/c/T5mmfL/83HRp
https://paperpile.com/c/T5mmfL/83HRp
https://paperpile.com/c/T5mmfL/OyM4c
https://paperpile.com/c/T5mmfL/OyM4c
https://paperpile.com/c/T5mmfL/OyM4c
https://paperpile.com/c/T5mmfL/0d2WZ
https://paperpile.com/c/T5mmfL/0d2WZ
https://paperpile.com/c/T5mmfL/0d2WZ
https://paperpile.com/c/T5mmfL/rOU4x
https://paperpile.com/c/T5mmfL/rOU4x
https://paperpile.com/c/T5mmfL/rOU4x
https://paperpile.com/c/T5mmfL/dVTOq
https://paperpile.com/c/T5mmfL/dVTOq
https://paperpile.com/c/T5mmfL/dVTOq
https://paperpile.com/c/T5mmfL/dVTOq
Cicero Eduardo de Sousa Walter 
94



GENERAL MANAGEMENT 

QUALITY 19 Vol. 22, No. 184/ Oct 2021 Access to Success 

 
 
 

 
 
 

In a largely knowledge-based economy, the proper use of 
data can bring opportunities in different sectors such as trans-
portation, health, or manufacturing. Through improvements in 
data processing and analysis, more specifically by Big Data, it 
will be possible to transform the European service industry by 
adding value at different stages of the data value chain, resulting 
in the creation of a broad set of innovative products and services 
based on the use of information (European Union, 2021). 

Against this background, the European Union, through the 
European Data Strategy (European Commission, 2020), recog-
nizes that to materialize this scenario, it is necessary to provide 
Small and Medium Enterprises with infrastructures, data ser-
vices, and cloud computing that have essential functionalities re-
garding security, sustainability, interoperability, and scalability. 
European companies can benefit from the entire value chain, en-
compassing the generation, processing, access and reuse of 
data in their activities to promote innovation. 

In this sense, this strategy brings as practical actions the de-
velopment of an investment route that will count with public and 
private agents for the creation of common platforms. It will ena-
ble Small and Medium Enterprises to access a wide variety of 
cloud computing services for secure data storage and sharing, 
applications that range from artificial intelligence to simulation, 
modeling, digital twins (i.e. virtual replicas of products, pro-
cesses or physical systems) and high-performance computing 
resources, as well as actions to strengthen the capabilities of 
these companies to take advantage of opportunities offered by 
data-based business models, such as legal advice and incentive 
programs for the development of data-based services in incuba-
tion, through the Horizon Europe and Digital Europe programs 
(European Commission, 2020).  

However, although the European Data Strategy brings in its 
essence a set of actions that allow a greater understanding of 
the legal context, service availability, access infrastructures to a 
broad set of data and incentive programs for the development of 
data-based services in an incubation regime, allowing Small and 
Medium Enterprises to have access to a set of new information 
that they would not otherwise have, being following what is ad-
vocated by some authors (Chen et al., 2016; Lacam, 2020; Sun 
et al., 2020), for an adequate Big Data strategy, it should be em-
phasized that it will be necessary to go beyond that. 

In a more specific way, as evidenced by several authors (Al-
Qirim et al., 2017; Jedlitschka, 2017; Kabir & Carayannis, 2013; 
Lakoju & Serrano, 2017; Mazzei & Noble, 2017; Unhelkar & 
Askren, 2020), the adoption of Big Data must be aligned with the 
strategic needs and particular characteristics of each business, 
otherwise Big Data initiatives will not bring the expected benefits. 
From this perspective, for the European Data Strategy to have a 
greater chance of success, it must consider not only providing 
an ecosystem conducive to seizing opportunities with the use of 
Big Data but also fostering the development of dynamic capabil-
ities (Teece et al., 1997; Winter, 2003; Zahra et al., 2006). Thus, 
Small and Medium Enterprises can reconfigure their resources, 
routines and business models based on data to achieve new 
ways and innovative sources of competitive advantage. 

 

4. Conclusion  

The systematic review of the literature carried out in this work 
allowed us to identify the assumptions and considerations to be 
adopted in a Big Data implementation strategy, strategies that 
are increasingly required by organizations to foster their devel-
opment in an increasingly challenging market context, as well as 
to point ways for the European Data Strategy to have greater 
chances of success. 

The models found for the implementation of Big Data strate-
gies are distinct, however, globally, all focus on one goal, de-
velop the organization and achieve a competitive advantage (Al-

Qirim et al., 2017; Chen et al., 2016; Jedlitschka, 2017; Kabir 
and Carayannis, 2013; Lakoju and Serrano, 2017; Mazzei and 
Noble, 2017). 

Many organizations fail to implement Big Data projects due 
to a lack of alignment with strategic organizational objectives and 
lack of consideration of the required capabilities (Jedlitschka, 
2017). Still, Mazzei and Noble (2017) reinforce that through stra-
tegic discussions involving investments in Big Data it is possible 
to create value, because the Big Data implementation strategy 
is an approach that will make the company improve organiza-
tional capabilities, at the level of the value chain, new invest-
ments and corporate strategy, which is corroborated by Lakoju 
and Serrano (2017), that in other words, they argue that the im-
plementation of Big Data allows the alignment of different busi-
ness strategies with the Big Data projects. 

To Lakoju and Serrano (2017) and Mazzei and Noble (2017) 
will undoubtedly be a way to achieve a competitive advantage. 
Big Data's strategy cannot be neglected, because there is a con-
stant increase in dependency on technology. According to Al-
Qirim et al. (2017), implementing a Big Data strategy will make 
organizations disruptive and challenging, fostering the need for 
them to use this technology more effectively and ethically.  

Following what has been said in the previous paragraphs, 
and still, in the context of implementing Big Data strategies, 
some authors are more comprehensive in their studies, or, ad-
dress other more specific topics (Brown, 2017; Lacam, 2020; 
Sun et al., 2020; Trabucchi et al., 2018; Unhelkar and Askren, 
2020). 

Trabucchi et al. (2018) introduce the concept of data from 
users, which can be defined more as a user-centered innovation 
tool, as users promote insights into their behavior and needs. 
Brown (2017) presents us with 4 different data source clusters, 
which it calls crowdsourcing: situated, temporal, autonomous 
sensors, and through personal use devices. Arguing that all this 
new data will change the way companies interact with their cus-
tomers, as this data can be used to help them build stronger and 
more personal relationships. 

Still in the context of possible specificities in the application 
of Big Data strategies, Lacam (2020) tells us about the imple-
mentation during the innovation of new products in SMEs, which 
allow exploring a wide spectrum of new information that was tra-
ditionally distant from the field of specialization of the company, 
to better capture the developments of current or future markets, 
to shake up the market and make existing products obsolete. 

Sun et al. (2020) present an implementation model incorpo-
rating 3 factors, technological, organizational, and the legislative 
context, the latter being a more unconventional approach. Their 
study proved that the legislative environment positively influ-
ences the adoption of Big Data by organizations. 

The number of digital businesses is increasing, Unhelkar and 
Askren (2020) present a strategic model for "agile" companies 
(rapid adaptation) that has a direct and practical impact in reduc-
ing risks in the transformation of digital business. Most organiza-
tions fail to implement Big Data projects, however, the adoption 
of strategic models, such as those presented, allow the consoli-
dation of the organization's strategy and enhance its organiza-
tional capabilities. It is these models that bring contributions, im-
plications, and recommendations to organizations. All these new 
ways of dealing with this new data will change the way compa-
nies interact with their clients, as this data can also help them 
build stronger and more personal relationships. Thus, organiza-
tions can leverage competitive advantage and stay current in in-
creasingly dynamic and existing markets. It is essential to make 
clear that the size of organizations has nothing to do with the 
need or success in implementing this technology. 

As far as the European Data Strategy is concerned, it can be 
seen that it is premised on the establishment of an ecosystem 
conducive to seizing opportunities through the use of Big Data, 
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focusing primarily on the development of services and infrastruc-
ture, as well as legal advice, which allows Small and Medium 
Enterprises to develop new products and innovative services 
based on information. However, for this strategy to achieve the 
potential of the European Union to be successful in the objective 
of economic development based on data, it is imperative that it 
also encourages the development of dynamic capabilities so that 
Small and Medium Enterprises can reconfigure their resources, 
routines and business models according to the use of data to 
achieve new ways and innovative sources of competitive ad-
vantage. 

The present research presents as limitations the fact that 
there is no information or research available on the results of the 
effective implementation of the European Data Strategy, so the 
recommendations expressed herein are based on studies for the 
adoption of Big Data conducted in a micro context.  

As future investigations, it is suggested to evaluate which or-
ganizational factors in different sectors of the economy most in-
fluence Big Data's adoption and how dynamic capabilities can 
enhance Big Data strategies. 
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4.1 Resultados e implicações gerais das investigações realizadas  

 A presente investigação, teve como objetivo geral apresentar uma série de 5 

investigações originais com o intuito precípuo de apontar e discutir caminhos para a 

promoção da inovação a partir de uma visão holística, considerando-se para tal, a inovação 

materializada em proxies como os números de registros de marcas e pedidos de depósitos 

de patentes, ativos intangíveis e a produção de novo conhecimento científico. 

Diante dos aportes teóricos que enaltecem os papéis dos empresários inovadores e 

do financiamento governamental à investigação, buscou-se responder a seguinte pergunta 

de investigação: Empiricamente, que elementos constituintes da tríade governo-indústria-

academia podem potencializar a inovação?  

Para dar resposta à pergunta de investigação, foram analisados diversos elementos 

constituintes da tríade governo-indústria-academia, ao longo das 5 investigações 

realizadas, sobretudo no Brasil e em Portugal, tais como os investimentos públicos e 

privados em ciência e tecnologia, os investigadores científicos, a força de trabalho das 

empresas, os incentivos fiscais para as atividades de I&D, a colaboração científica entre os 

pares e, o atual estado da adoção de estratégias de Big Data para a promoção da inovação, 

cujas informações foram coletadas em diversas bases de dados como a do Ministério da 

Ciência e Tecnologia do Brasil, no Pordata e na Autoridade Tributária e Aduaneira de 

Portugal, no SABI e na Scopus. 

Com exceção do artigo 5, caracterizado como um estudo qualitativo na forma de 

uma revisão sistemática da literatura (Booth et al., 2016; Okoli & Schabram, 2010), as 

demais investigações possuem uma abordagem quantitativa (Cooper & Schindler, 2014; 

Creswell, 2014; Saunders et al., 2007), com a utilização de técnicas estatísticas como 

Regressões baseadas no Método dos Mínimos Quadrados Ordinários (OLS) (Field, 2009; 

Hair et al., 2009) e a Modelagem de Equações Estruturais com a estimação pelos Mínimos 

Quadrados Parciais (Partial least squares structural equation modeling-PLS-SEM) (Abdi & 

Williams, 2013; Bido & Da Silva, 2019; Chin & Newsted, 1999; Hair et al., 2012, 2019; 

Henseler et al., 2009).  
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Os resultados encontrados no artigo 1 sugerem que a capacidade de inovação no 

Brasil, em termos de pedidos de depósitos de patentes feitos por residentes brasileiros em 

diversos escritórios de propriedade intelectual pelo mundo, é influenciada por diferentes 

fatores. De forma mais específica, os investigadores universitários, os investimentos 

públicos em ciência e tecnologia e a produção científica são as variáveis mais influentes 

nos pedidos de depósitos de patentes no Brasil, nos Estados Unidos e na Europa, 

respectivamente, ressaltando a importância das universidades e dos investimentos públicos 

em ciência e tecnologia.  

Somando-se a isso, os resultados apontam que a média dos pedidos de depósitos de 

patentes feitos no Brasil é significativamente inferior aos pedidos feitos em escritórios nos 

Estados Unidos e na Europa. Tais resultados podem estar relacionados com a baixa 

proporção de investigadores nas empresas e com o tempo relativamente longo para a 

concessão de uma patente pelo Instituto Nacional da Propriedade Industrial, fatores 

descritos previamente na literatura como responsáveis pelo baixo desempenho brasileiro 

em termos de pedidos de depósitos de patentes (Cota et al., 2016; Frischtak, 2019). 

Considerando-se os resultados do artigo 2, as evidências empíricas encontradas 

sugerem que a capacidade de inovação das empresas portuguesas é influenciada pelos 

investigadores das organizações sem fins lucrativos - caracterizados como Inbounds OI -, e 

pelos investigadores das empresas, - caracterizados como Outbounds OI.  

Nesse sentido, os resultados apontam que a potencialização da Open Innovation 

pelas empresas portuguesas pode ser operacionalizada por meio da utilização e 

combinação desses fluxos de conhecimentos, sobretudo, por meio da capacidade de 

absorção (Le et al., 2019), estando em conformidade com a evidência empírica de que a 

capacidade de Gestão do Conhecimento, consubstanciada pela capacidade de absorção, 

prontidão para a colaboração, capacidade inventiva, e capacidade de ligação, é um 

mediador importante da relação entre a Open Innovation e a capacidade de inovação, 

reforçando os seus efeitos (Santoro et al., 2017). 

Somando-se a isso, e considerando-se os fluxos de conhecimentos encontrados, a 

Open Innovation em Portugal também pode ser reforçada por meio da adoção de um 

modelo de colaboração integrada, na qual torna-se possível a busca de contributos externos 
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relativos à tecnologia e ao know-how para vários pontos ou fases dos processos de 

inovação, embora limitados a alguns parceiros (Lazzarotti & Manzini, 2009), que no caso 

em específico devem ser os investigadores das organizações sem fins lucrativos.  

No que diz respeito ao artigo 3, sobre a influência da colaboração entre os pares na 

produtividade científica de acadêmicos de renomado reconhecimento tidos como mais 

individualistas (closed innovators) em oposição a acadêmicos mais colaborativos (open 

innovators), os resultados encontrados sugerem que mesmo os laureados com o prêmio 

Nobel de Economia (closed innovators) se beneficiam da colaboração entre os pares, sendo 

mais eficientes na utilização das suas redes de colaboração, uma vez que necessitam de 3 a 

4 membros para a maximização da sua produtividade científica, enquanto os 

investigadores da Open Innovation (open innovators) necessitam de 5 a 6 membros para 

maximizarem a sua produtividade.  

Os resultados da referida investigação apontam que a assunção de quanto maior a 

rede de colaboração, maior a produtividade (Abrizah et al., 2014; Beaver, 2004; Borjas & 

Doran, 2015; Gonzalez-Brambila, 2014; Paraskevopoulos et al., 2021) é simplificada. Na 

medida em que as redes de colaboração possuem as mesmas características de uma dada 

função de produção (Goolsbee et al., 2018), a partir de um determinado ponto, o acréscimo 

de mais um membro na rede de colaboração trará retornos marginais decrescentes em 

termos de produtividade científica. 

Os resultados do artigo 4 sugerem que embora não se possa apontar de forma 

inequívoca como os incentivos fiscais são convertidos em inovação, os mesmos possuem 

efeito spillover nos atributos organizacionais que formam as bases da capacidade de 

inovação das empresas portuguesas - isto é, possuem influência direta na estrutura de 

capital, nos bens de capital e na contratação de empregados, elementos apontados na 

literatura como fundamentais para a capacidade de inovação (Collis, 1994; Khurana et al., 

2019; Lee & Yoo, 2019; Teece et al., 1997; Winter, 2003; Xu & Xu, 2013; Zahra et al., 

2006). 

Somando-se a isso, os resultados sugerem que os incentivos fiscais para as 

atividades de I&D possuem um efeito causal direto nas vendas, quando controlados pelos 

ativos intangíveis. Em outras palavras, os incentivos fiscais se mostraram efetivos para 
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promover o desenvolvimento e a comercialização de novos produtos, estando em 

conformidade com outras evidências empíricas (Bérubé & Mohnen, 2009; Busom et al., 

2017; Ghazinoory & Hashemi, 2021; Guo et al., 2016; Mitchell et al., 2020; Santos et al., 

2020; Tian et al., 2020). 

No que concerne ao artigo 5, os resultados sugerem que as empresas têm centrado-

se no desenvolvimento de modelos e estratégias para a adoção do Big Data (Al-Qirim et 

al., 2017; Chen et al., 2016; Jedlitschka, 2017; Kabir & Carayannis, 2013; Lakoju & 

Serrano, 2017; Mazzei & Noble, 2017) que comumente fracassam ao não considerar as 

necessidades e particularidades de cada negócio (Jedlitschka, 2017). 

As implicações de tais resultados para a implementação bem-sucedida da Estratégia 

Europeia para os Dados reflete-se na necessidade desta ser capaz de prover mecanismos 

para o desenvolvimento de capacidades dinâmicas (Collis, 1994; Teece et al., 1997; Winter, 

2003) para que as empresas possam (re)configurar os seus recursos, rotinas e modelos de 

negócios para apropriação de valor por meio do uso do Big Data, além do fornecimento de 

serviços e infraestruturas de dados e aconselhamento jurídico. A figura 2 apresenta de 

maneira resumida os possíveis relacionamentos e implicações dos resultados de cada 

investigação realizada, no que denominamos como uma proposta de macroarquitetura 

cíclica de inovação. 

Sanders (2007) argumenta que o conhecimento resultante das atividades de 

investigação é fundamental para a atividade empreendedora. Em outras palavras, o referido 

autor sustenta que um aumento substancial no conhecimento científico, ceteris paribus, 

poderá gerar um aumento no número de oportunidades, que por sua vez, resultará em mais 

atividades empreendedoras com a realocação de atividades de I&D que resultem no 

desenvolvimento de novos produtos. 

Por outro lado, Gören (2021) encontrou evidências empíricas que apontam para o 

fato de que traços empreendedores relacionados com a destruição criativa Schumpeteriana, 

como a prevalência de traços de procura de novidades na sociedade, possuem o poder de 

estimular o progresso tecnológico por meio da criação do conhecimento científico.  
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Figura 2- Proposta de macroarquitetura cíclica de inovação. 
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Nesse sentido, a produção de novo conhecimento científico pode ser caracterizada 

como um dos fatores fundamentais para o desenvolvimento econômico, uma vez que 

possibilita o surgimento de um círculo virtuoso de inovação, mediando a relação entre a 

atividade empreendedora e a geração de resultados econômicos.  

Diante dessa perspectiva, e tomando-se como referência os relacionamentos 

apresentados na figura 2, argumentamos que:  

(I) Os governos possuem um papel fundamental para o estímulo da investigação 

científica por meio de investimentos públicos em ciência e tecnologia e, no 

fortalecimento da capacidade de inovação das empresas ao prover incentivos fiscais 

para as atividades de I&D em conjunto com o fornecimento de infraestrutura e serviços 

de dados;  

(II) Investimentos públicos em ciência e tecnologia em conjunto com redes 

colaborativas de investigação otimizadas, podem possibilitar o suporte necessário para que 

os investigadores tenham acesso a ferramentas e equipamentos que os auxiliem no 

processo de novas descobertas; bem como a maximização da produtividade científica, 

consubstanciada na publicação de artigos com influência positiva na produção de 

conhecimentos patenteáveis (Eberle et al., 2020; Le et al., 2021; Li et al., 2020; 

Potužáková & Öhm, 2018; Song et al., 2019; Voutsinas et al., 2018); 

(III) Empresas cujos elementos que constituem a capacidade de inovação foram 

fortalecidos pelos incentivos fiscais para as atividades de I&D, e que exploram de maneira 

eficiente a infraestrutura e os serviços de dados, encontrar-se-ão em melhores condições 

para aproveitarem as oportunidades geradas pelas investigações científicas, pelo que 

poderão desenvolver inovações que perturbem o estado de equilíbrio dos fluxos. Tais 

inovações incitarão a imitação por parte dos concorrentes, que ao reduzirem os lucros do 

inovador original, farão surgir comportamentos de destruição criativa Schumpeteriana, 

suscitando mais uma vez o progresso tecnológico por meio da criação do conhecimento 

científico, estando em conformidade com o que postula a literatura (Gören, 2021; Sanders, 

2007; Schumpeter, 1997);  

(IV) Investimentos públicos em ciência e tecnologia, bem como a concessão de 

isenções de impostos, na forma de incentivos fiscais para as atividades de I&D, tornam-se 
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de fato investimentos com vistas à obtenção de maiores rendimentos coletáveis no futuro. 

Dito de outra maneira, tanto os investimentos públicos em ciência e tecnologia quanto os 

impostos não recolhidos hoje, transformam-se em maiores ofertas de produtos e serviços 

no futuro, que serão objetos de tributação, quer a nível micro (i.e. impostos sobre os 

próprios bens e serviços) ou a nível macro (i.e. impostos sobre lucros e dividendos), 

gerando incentivos para a continuidade da realização de investimentos públicos em ciência 

e tecnologia, bem como à novas concessões de incentivos fiscais para as atividades de 

I&D. There ain't no such thing as free lunch. 

Considerando-se de maneira geral os elementos e mecanismos constituintes da 

tríade governo-indústria-academia que compõem a macroarquitetura de inovação proposta, 

argumentamos que, expansões ou retrações em qualquer um destes elementos, podem gerar 

impactos no funcionamento orgânico da mesma, resultando em consequências como o 

aumento, a desaceleração ou estagnação do desenvolvimento econômico, uma vez que têm 

repercussões tanto na competitividade quanto no crescimento econômico, em ciclos 

semelhantes aos postulados por Sanders (2007). 

No seu detalhe, este trabalho de investigação confirma a literatura publicada 

anteriormente (Gören, 2021; Bush, 2020; Sanders, 2007; Schumpeter, 1997). Todavia, 

tanto quanto é do nosso conhecimento, não há nenhuma investigação que aborde todos 

esses conceitos conforme foram abordados nesse estudo, conjugando fatores do ambiente 

interno e externo de forma inovadora. 

Nesse sentido, a figura 3 apresenta detalhadamente os fatores internos e externos 

que devem ser considerados para a promoção da inovação.  

Em termos de limitações gerais, é necessário ressaltar que a macroarquitetura de 

inovação apresentada foi desenvolvida com base em alguns resultados específicos do 

Brasil e de Portugal, nomeadamente, a partir da influência encontrada dos investigadores 

científicos, da produção científica, dos investimentos públicos em ciência e tecnologia e 

dos incentivos fiscais para as atividades de I&D. Considerando-se que a inovação não 

ocorre no vácuo, de maneira que é influenciada por questões contextuais importantes 

(Rothwell, 1992; Tidd et al., 2008) a macroarquitetura de inovação apresentada na referida 
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investigação deve ser interpretada com cautela, sobretudo, em decorrência das dificuldades 

de transferibilidade para outros contextos que não o do Brasil e de Portugal. 

Diante das limitações apresentadas, sugerem-se como investigações futuras a 

avaliação dos determinantes da inovação a partir dos pedidos de depósitos de patentes e 

registros de marcas em outros países; a análise da influência de diferentes sistemas de 

incentivos fiscais para as atividades de I&D nos atributos organizacionais de empresas 

sediadas em diversos países; a investigação empírica da influência do Big Data no 

desenvolvimento de produtos e serviços, bem como a identificação dos recursos e 

competências necessárias para se poder tratar este tema a nível de empresas, países e 

indústrias.  
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Apresentação  

Esta seção destina-se a apresentar outras investigações realizadas durante o 

percurso do doutoramento, mas que não necessariamente estão relacionadas com as 

investigações que compõem formalmente a presente tese.  

Nesse sentido, esta seção deve ser vista como uma espécie de relatório separado, 

sobretudo, por ter integrado, enquanto estudante de doutoramento, o grupo de investigação 

em Competitividade, Inovação e Sustentabilidade (CIS) da unidade de investigação em 

Governança, Competitividade e Políticas Públicas (GOVCOPP) da Universidade de 

Aveiro. 

(I) Artigos publicados indexados na Scopus/Abstracts   

McTeigue, C., Sanchez, C., Santos, E., Walter, C. E., & Au-Yong-Oliveira, M. (2021). A 

Strategy for Tourism Growth, Rebound, and Revival: Promoting Portugal as a 

Destination Post-COVID-19. Sustainability, 13(22), 12588. Q1/Q2 na 

Scimagojr.com. 

Abstract 

The COVID-19 pandemic has had a significant impact around the world on health, economies, businesses, 
equality and the movement of people in the form of tourism. In this context, this paper looks at the strategy 
chosen by Turismo de Portugal to adapt to the crisis in a country where tourism plays an important role in 
supporting the local economy, having grown significantly since 2010. The chosen strategy encouraged 
tourists not to visit Portugal during the pandemic, a turnaround from their previous digital marketing strategy, 
which invited tourists to discover the country. We undertook a survey that had 170 answers, predominantly 
from Ecuador, Mexico, the United Kingdom and Portugal but also from several other countries in Europe and 
Latin America. We aimed to understand whether their strategy was successful in encouraging people to 
consider Portugal as a holiday destination post-COVID-19. The Can’t Skip Hope campaign was created in a 
work-from-home environment, with the voiceover recorded on a smartphone. Previously recorded footage 
was re-edited. Our survey found that respondents said the video matched their views of Portugal and that 
79.5% would consider Portugal as a holiday destination when they next booked a holiday. In terms of 
inferential statistics, we performed chi-square tests of significance on the survey data. Thus, this paper 
contributes to the body of work because it offers insight into marketing strategy adaptation by a local tourist 
board during a period of crisis. 

Keywords: Portugal; Tourism; COVID-19; Crisis; Consumer decisions; Digital marketing; Destination 
marketing. 
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Veloso, C. M., Magalhães, D., Barbosa, S. B., Walter, C. E., & Valeri, M. (2021). 

Encouraging consumer loyalty: the role of family business in hospitality. Journal of 

Family Business Management, ahead-of-print(ahead-of-print). https://doi.org/

10.1108/JFBM-10-2021-0134 Q1/Q2 na Scimagojr.com. 

Abstract  

Purpose: The aim of this paper is to understand the importance of consumer loyalty in the specific context of 
Hotel Family Business. This study proposes a conceptual model to examine how perceived service quality 
and corporate social responsibility (SCR) influence guest satisfaction and loyalty, and also how they relate to 
corporate image, perceived value and price. 
Design/methodology/approach: Through the structural equation model (SEM), a research model was 
proposed to examine SQ and CSR affect satisfaction and loyalty to the Douro Family Hotel and also, how 
they interact with corporate image, perceived value and price. The main purpose is to analyse the drivers of 
guest loyalty and its importance for the development and sustainability of family hotels in Douro (Portugal). 
Findings: The results of the study indicate that CSR and SQ perceived by the guest have a direct and positive 
effect on guest satisfaction and loyalty to Douro family hotels. These variables are also determinants of the 
perceived value, corporate image and price. 
Research limitations/implications: The sample is restricted and obtained by the convenience technique, but 
with sufficient size for the application of the structural equations model. However, the results obtained cannot 
be generalised to all hotels or contexts, as they only reflect information on family hotels in the Douro. 
Practical implications: Family businesses are a substantial share of the European economy, from the 
industrial sector to the services industry, including also hospitality. In Portugal, family businesses likewise 
play a key role, both in terms of wealth creation and job creation. 
Originality/value: These findings provide knowledge to family hotels on how they should implement a CSR 
policy that promotes service quality, corporate image and guest satisfaction, and therefore their loyalty and 
the competitiveness of the family hotel business. 

Keywords: Corporate Social Responsibility; Service quality; Customer loyalty; Family hotel businesses; 
Hospitality industry. 

Nishimura, A., Au-Yong-Oliveira, M., Walter, C.E. (2021). Uma avaliação do governo 

eletrónico em Portugal sob a ótica dos utilizadores. RISTI – Revista Ibérica de 

Sistemas e Tecnologias de Informação, No E41, 02, 585-603. ISSN: 1646-9895. Q4 

na Scimagojr.com.   

Resumo 

Este estudo aborda o desenvolvimento do governo eletrónico (e-Gov) em Portugal, reflexo de uma 
necessidade crescente de modernização da Administração Pública. O tema tem despertado grande interesse 
da comunidade científica internacional, originando uma literatura que investiga diversas vertentes, como a 
disponibilização de serviços públicos online, a nível central, local e transfronteiriço; as metodologias de 
avaliação dos serviços eletrónicos; a aferição do grau de maturidade obtida; assim como os desafios 
existentes em termos de interoperabilidade, usabilidade, inclusão e competências digitais. Um questionário 
de avaliação do e-Gov em Portugal foi respondido por 632 usuários provenientes de todos os distritos de 
Portugal, no período de junho a agosto de 2020. Os resultados apontam para uma avaliação mais positiva da 
qualidade da informação dos portais públicos, usabilidade e satisfação com os serviços eletrónicos, e uma 
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avaliação mais negativa da interoperabilidade dos sistemas. Foi encontrada uma correlação moderada 
positiva entre as dimensões qualidade da informação, usabilidade, satisfação com os serviços e 
interoperabilidade. Adicionalmente, os portugueses, sendo pouco etnocêntricos, poderá explicar o seu não 
reconhecimento do quão estão avançados em matéria de e-Gov. 

Palavras-chave: Governo Eletrónico; Serviços Públicos Eletrónicos; Portugal; Avaliação do Utilizador; 
Interoperabilidade; Satisfação. 

Oliveira, C., Lopes, M., Calisto, R., Seco, S., Walter, C.E., Au-Yong-Oliveira, M. (2021). 

Soluções para o impacto da tecnologia no setor dos serviços: O caso da McDonald’s. 

RISTI – Revista Ibérica de Sistemas e Tecnologias de Informação, No E41, 02, 

528-547. ISSN: 1646-9895. Q4 na Scimagojr.com.  

Resumo 

O nosso estudo é sobre o trabalho do futuro e abordamos o avanço tecnológico no setor dos serviços, 
nomeadamente na McDonald’s, uma corporação transnacional importante. A pesquisa é exploratória e 
descritiva. O procedimento técnico seguido foi o de inquérito por questionário, com 297 respostas a dois 
inquéritos separados. A abordagem do problema é assim quantitativa. Recolhemos dados sobre a perceção 
dos utilizadores e colaboradores da McDonald’s. As soluções com o objetivo de fazer frente ao futuro são: 1) 
criar um espaço de entretenimento para as crianças que contrarie a tendência da sua sobre-exposição à 
tecnologia; 2) contrariar a substituição do trabalho humano pelas máquinas – com trabalhadores formados 
para o efeito; 3) criar unidades dedicadas somente ao McDelivery; e 4) responder à crescente exigência por 
parte dos consumidores relativamente à personalização dos seus produtos. Finalmente, com o teste do qui- 
︎︎︎︎︎︎︎︎quadrado não foram encontrados resultados estatisticamente significativos, em relação ao género dos 
respondentes. Tudo indica uma igualdade de género no que toca aos consumidores do McDonald’s e em 
relação à tecnologia. Serão necessários, no entanto, mais estudos de forma a comprovar estes resultados 
exploratórios.  

Palavras-chave: Tecnologia; Serviços; Futuro; Inovação; McDonald’s.  

Veloso, C.M., Walter, C.E., Sousa, B., Au-Yong-Oliveira, M., Santos, V., Valeri, M. 

(2021). Academic Tourism and Transport Services: Student Perceptions from a Social 

Responsibility Perspective. Sustainability, 13, 8794, 1-16, https://doi.org/10.3390/

su13168794. Q1/Q2 na Scimagojr.com.  

Abstract  

Firms aim at achieving their economic interests without neglecting the needs of local and regional 
communities and the environment itself. The process involves defining and implementing Social 
Responsibility strategies that leverage organizational competitiveness and sustainability. In this context, the 
current study purposes to demonstrate how Corporate Social Responsibility (CSR) and a sustainable 
orientation influence the satisfaction and loyalty of academic tourists to the Metro of Porto (in Portugal). 
More specifically, our study aims to assess the satisfaction of academic tourists with the Metro of Porto and, 
additionally, to analyze the variables that determine the satisfaction and loyalty of these tourists to this 
specific transport company, which has never been achieved before. Our proposed research model seeks to 
determine how CSR and a sustainable orientation influence academic tourists’ loyalty to the Metro of Porto 
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transport services as well as their link to Service Quality, Perceived Value, Corporate Image and Tourist 
Satisfaction. From a sample of 256 academic tourists, customers of the Metro of Porto, a quantitative analysis 
was carried out using the structural equation model (SEM-PLS). The results obtained allow us to conclude 
that CSR and Service Quality have an impact on academic tourists’ satisfaction and loyalty to the Metro of 
Porto. The development of a region is intrinsically linked to transport networks that promote the integration 
and growth of productive systems. Our results demonstrate the relationship between regional development 
and business sustainability strategies that integrate Social Responsibility practices. We show the importance 
that Social Responsibility policies have for companies as a precursor to customer satisfaction and loyalty to a 
company. Hence, as a guarantee of obtaining economic results, firms must simultaneously contribute to the 
sustainable development of territories. 

Keywords: Service quality; Social responsibility; Metropolitan transport; Customer loyalty; Academic 
tourism; Sustainable orientation. 

Veloso, C.M., Sousa, B., Au-Yong-Oliveira, M. & Walter, C.E. (2021). Boosters of 

satisfaction, performance and employee loyalty: application to a recruitment and 

outsourcing information technology organization. Journal of Organizational Change 

Management, DOI 10.1108/JOCM-01-2021-0015. Q2 na Scimagojr.com. Revista da 

ABS - AJG 2018 Journal Guide.  

Abstract  

Purpose: This study applies an Employee Satisfaction Index (ESI) model to quantify the level of job 
satisfaction and explores the factors that influence employee satisfaction, performance and loyalty to an 
information technology recruitment and outsourcing organization in Portugal. 
Design/methodology/approach: As an instrument of data collection, questionnaire was applied to the 
company’s employees, which was divided into two parts: the first part consisted of a previous questionnaire, 
with questions related to sociodemographic characterization; the second part consisted of the ESI. The 
company operates only in the information technology (IT) market, and there are currently 300 consultants 
with different skills. 
Findings: The results confirm that the company’s employees are globally satisfied, and this satisfaction 
contributes positively and significantly to the reinforcement of contextual performance and to their loyalty to 
this organization. 
Originality/value: Job satisfaction takes on a growing interest in understanding quality of life, strategic 
management and organizational performance. Job satisfaction contributes to the professional finding, that is, 
in employees’ activity and in adopting positive attitudes toward customer satisfaction, thus promoting 
organizational performance. 

Keywords: Employee satisfaction index; Organizational performance; Employee loyalty; Information 
technology organization  

Walter, C.E., Au-Yong-Oliveira, M., Veloso, C.M. (2021). Innovation in Brazilian micro 

and small enterprises: A systematic literature review. Quality - Access to Success, 

August, 22(183), 23-28. Q3/Q4 na Scimagojr.com.  

Abstract  
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Micro and Small Enterprises have assumed an important strategic role for the economic and social 
development of Brazil, representing about 99% of all business establishments and contributing to the 
generation of 55,3% of all formal jobs in the country. However, these ventures have faced a series of 
restrictions on entrepreneurial activity, such as low government support, high taxes, and excessive 
bureaucracy. In this adverse context, innovation assumes a significant mediation role for increasing business 
performance and, consequently, maintaining the permanence of these ventures in the market. Accordingly, 
the present investigation aimed to identify the degree of innovation, the main obstacles and facilitators of 
innovation, as well as the types of innovation prevalent in Brazilian Micro and Small Enterprises through a 
systematic literature review. The literature review included 21 articles extracted from the Web of Science, 
Scopus, Scielo, and Spell databases. In general, the analyzed literature points out that innovation in these 
ventures is the result of simple actions, such as imitation and the acquisition of technology from third parties, 
and that the degree of innovation is low, prevailing in the types of innovation in Product and Marketing. The 
main barriers highlighted were related to the lack of resources, precarious managerial and commercial 
capacities, and shortages of qualified labor, while the factors that facilitate innovation are related to the 
support of government programs and the organization of Micro and Small Enterprises in productive 
arrangements. 

Keywords: Micro and Small Enterprises; Innovation; Systematic Literature Review; Brazil. 

Walter, C.E., Au-Yong-Oliveira, M., Veloso, C.M. (2021). Management and innovation in 

micro and small enterprises: A research proposal through structural equation 

modeling. Quality - Access to Success, June, 22(182), 20-24. Q3/Q4 na 

Scimagojr.com.   

Abstract  

Micro and Small Enterprises have emerged as an important alternative for the generation of jobs and income, 
mainly in countries that present serious market failures for the creation of productive jobs. However, the lack 
of commercial and managerial skills, inadequate access to markets, as well as the absence of entrepreneurial 
culture has led to a high level of failure in these ventures. Also, the current competitive scenario has been 
increasingly based on innovation, responsible for the destruction of traditional competitive barriers, requiring 
a new approach on the part of Micro and Small Enterprises to be able to remain in the market sustainably. 
Accordingly, this research aims to determine the influence that business management has on the degree of 
innovation of Brazilian Micro and Small Enterprises through Structural Equation Modeling. As a theoretical 
contribution, the present investigation may point to statistical evidence that may support a causal inference 
between business management, understood in the present investigation as a decision process on strategic and 
operational aspects of a business, and the innovation capacity of companies. Besides, this research can 
provide important practical contributions by highlighting the relevance that business management has for 
Micro and Small Enterprises, also pointing to the need for Micro and Small Enterprises to adopt systematic 
business management practices that raise their potential concerning the development of innovations and the 
maintenance of a sustainable competitive position. 

Keywords: Micro and Small Enterprises; Business Management; Innovation; Structural Equation Modeling. 

Walter, C.E., Veloso, C., Au-Yong-Oliveira, M. (2020). Measuring the Degree of 

Academic Satisfaction: The case of a Brazilian National Institute. Education Sciences, 

10, 266, 1-10, ISSN 2227-7102. https://doi.org/10.3390/educsci10100266. Q2 na 

Scimagojr.com. 
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Abstract 

The Brazilian National Institutes are strategic elements for the growth and development of Brazilian society 
since they have the purpose of meeting social and economic demands. However, for this purpose to be 
materialized, it is essential to develop strategies and mechanisms that consider the current educational 
context, marked in large part by the transformation of education into a product and the increased awareness 
of students who expect to have their own needs met in terms of achievement and satisfaction. Based on this 
premise, this research aims to present an indicator for measuring student satisfaction of students from the 
Federal Institute of Education, Science and Technology of Piauí-Campus Oeiras (FIEPI-Campus Oeiras), in 
order to provide evidence of how satisfaction has presented itself in relation to the different educational 
profiles present in the institution. The study was conducted with a sample of 290 students from FIEPI-
Campus Oeiras. The instrument used for data collection was a questionnaire structured in two sections, in 
which the first was intended to obtain information to characterize the sample and the second section, 
composed of 14 items, aimed at measuring students’ satisfaction with the institution. Descriptive, 
exploratory, and inferential statistical techniques were used for the data treatment and for the validation of the 
results. The results indicate that the students are slightly satisfied with the institution and that the average 
satisfaction is different in relation to the courses and technological axes. 

Keywords: Satisfaction; Educational management; Average satisfaction index; IFPI; Brazil 

(II) Capítulos em livros internacionais  

Kovács, J., Barbosa, L., Barros, L., Della Volpi, Y., Miranda Veloso, C. Walter, C.E., Au-

Yong-Oliveira, M. (2021). Understanding the Impact of TikTok - A Study of TikTok’s 

Strategy and Its Impact on Users’ Lives. In: Sousa, M., Marques, C. (Editors), 

Innovations and Social Media Analytics in a Digital Society, pp.269-285. Boca Raton: 

CRC Press. ISBN: 978-1-032039-43-5.  

Au-Yong-Oliveira, M., Veloso, C.M., Walter C.E., Nishimura, A., Sousa, M.J., Gonçalves, 

R., Martins, J., and Branco, F. (2021). Students Helping out Fellow Students: Peer-to-

peer Instruction on Research Methods in Portugal. In: Remenyi, D. (Editor), 

Innovation in Teaching of Research Methodology Excellence Awards 2021 - An 

Anthology of Case Histories, pp.1-15. Reading, UK: ACI. ISBN: 978-1-912764-98-3. 

(III) Concursos e prêmios  

 Certificados de mérito pela condição de finalistas e de Runner- Up (2º classificado) 
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Adriana Nishimura, Maria José Sousa, Ramiro Gonçalves, José Martins, e Frederico 
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Branco. Título do artigo: Students helping out fellow students – Peer-to-peer instruction on 

research methods in Portugal. 

!128



(IV) Trabalhos apresentados em congressos internacionais  

Au-Yong-Oliveira, M., Veloso, C. M., Walter, C. E., Nishimura, A., Sousa, M., Gonçalves, 

R., Martins, J., & Branco, F. (2021). Students Helping out Fellow Students: Peer-to-

peer Instruction on Research Methods in Portugal. The 6th Innovation in Teaching of 

Research Methodology Excellence Awards , Aveiro, Portugal.  
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Outras investigações realizadas durante o percurso doutoral 
Figura 4- Imagem de divulgação da publicação de uma investigação na Suíça. 
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