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Abstract: The aim of this systematic literature review (SLR) is two-fold: first,
to examine the use of data analytics techniques in studying national innovation
by providing a comprehensive analysis of this research field. Second, to inform
researchers and policymakers about the state of the art and to highlight topics
that merit further attention. This SLR is based on Scopus and Web of Science
publications appearing between 1984 and 2023. Only 149 articles met the
selection criteria, showing that this is an emerging field that requires more
investigation. In addition, the SLR identified several sources of data in this
field that present, if combined with machine learning techniques, a promising
opening for researchers. This SLR also shows a geographical disparity in this
research field. The literature mainly investigates the EU and OECD countries.
In contrast, low-income countries, small economies, and African countries have
received very little attention.
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methods and frameworks for knowledge generation and decision support in
organisations. He focuses on data analytics for addressing societal challenges
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1 Introduction

Innovation has emerged as a key driver of economic growth, productivity, and
competitiveness in the global landscape (Porter, 1990; OECD, 2015). Understanding the
determinants of national innovation and accurately measuring innovation performance is
critical for policymakers and researchers seeking to foster innovation-led development
strategies (Lundvall, 1992; Dutta et al., 2019). Data science, on the other hand, incurred
tremendous progress that spilled into most research fields. A new trend of applying Data
Analytics techniques to innovation research has recently emerged, generating compelling
insights into innovation system dynamics (Vassakis et al., 2018, Wu et al., 2020, Chulok,
2021, Nazemi et al., 2022). To this end, researchers have employed various Data
Analytics techniques to analyse and uncover the intricate relationships between national
innovation determinants and outcomes (Alnafrah and Zeno, 2019; Andrijauskiene et al.,
2021; Khanin et al., 2022).

This paper aims to provide a comprehensive review of the existing literature on data
analytics techniques employed to study national innovation research. By conducting a
systematic literature review (SLR), this study aims to identify the range of articles that
leverage data analytics techniques to uncover factors influencing a country’s innovation
capabilities and to develop more accurate, and dynamic, measures of innovation
performance.

The employed systematic review process, described hereafter, involves rigorous
search strategies, inclusion criteria, and quality assessment of the selected articles and is
similar to other SLRs in the literature (Kitchenham, 2004; Bakker, 2010). By categorising
the selected literature, one can gain insights into various applications of data analytics in
this field.

A wide and diverse range of data analytics techniques are observed to be used in the
field of national innovation determinants and innovation indices. This SLR explores how
these techniques are utilised to examine innovation outcomes based on factors such as
human capital, research and development investments, institutional frameworks, and
Intellectual Property indicators (Bacon et al., 2019). This enables the identification of
areas of improvement and the formulation of effective strategies to enhance innovation-
driven growth and competitiveness at a national level.

Overall, the study of national innovation systems (NIS), combined with the utilisation
of innovation indices and usage of data analytics, offers a nuanced understanding of the
complex dynamics and determinants that underpin innovation at a national level. By
comprehensively analysing and addressing these factors, countries can foster a vibrant
and thriving innovation ecosystem, leading to sustainable economic development and
enhanced global competitiveness. Therefore, the performance of national innovation can



272 S. Hamidi and A. Berrado

be viewed as either a process or an outcome (Nelson, 1993; Furman et al., 2002).
Otherwise, compared to other innovation fields, only a limited number of research groups
have quantitatively investigated innovation performance at a national level (Swiadek
et al., 2022).

In this context, this study aims to improve the understanding of factors influencing
national innovation using data analytics. First, this paper contributes to the literature by
collecting and evaluating relevant studies and providing a formal comparison of existing
works. Second, the study helps shed light on the comprehension of national innovation
performance by using innovation indices and data analytics methods.

This paper is structured as follows: after the section of the related work, the research
approach section presents the research methodology used for the study. The key findings
are detailed in the 4th section for the descriptive analysis, and the 5th section for the
analytics and scope of national innovation research. The ‘conclusions’ section highlights
the study’s major results, it is limitations, and potential directions for further research.

2 Related work

Over the last decade, there has been a growing interest in understanding innovation
systems using bibliometric reviews from both regional (Doloreux and Gomez, 2017;
Fernandes et al., 2021; Rubio et al.,, 2022) and national perspectives. Kashani and
Roshani (2019) examined the evolution of innovation systems in literature and reported
that after the establishment of NIS as the main framework, regional innovation system
(RIS) literature emerged prominently between 2002 and 2007. In addition, technological
innovation systems (TIS) developed between 2007 and 2012. Later on, the sectoral
innovation systems (SIS) received some interest.

Based on 692 publications related to innovation systems, Arjune et al. (2021) also
reported that innovation systems research has increased exponentially in recent decades
with emerging topics ranging from theoretical aspects to more applied areas. National,
regional, sectoral, and triple helix models were identified as the main innovation system
approaches.

As a conceptual framework, a National Innovation System is usually viewed as a
network or set of connections among the actors involved in innovation processes. The
interactions between these actors often shape the performance, or efficiency, of the
innovation process at a country level (Freeman, 1987; Nelson, 1993; Metcalfe, 1995;
Numminen, 1996). Many scholars and policymakers working on new knowledge-based
economy designs in both developed and developing nations have shown interest in this
notion (Foray, 1994; Correa, 1998; Lundvall, 1998).

In any nation, overall productivity is strongly related to the national innovation
system performance. An innovation system is considered to be efficient when it can
produce more innovation outputs with the same amount of innovation inputs or when it
can accomplish the same level with fewer inputs (Niosi et al., 1993; Hollanders and
Esser, 2007; Dutta et al., 2022).

Choosing innovation inputs and outputs is not a simple issue, especially in a
comparative study context. For the assessment of innovation inputs, many authors adopt
the qualitative approach (Kohler et al., 2012; Cunningham and Gok, 2012; Rigby and
Ramlogan, 2013). While useful, this approach can not be applied in a comparative
dynamic analysis due to constraints of practicality (Jankowska et al., 2017). Additionally,
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these studies are static and do not take into consideration potential global trends that may
have different effects on countries. As a result, these studies are less applicable and
accurate in light of the constantly changing global environment. Thus, a variety of
measures and indices were created to evaluate the potential for inventiveness (Hobday,
1995; Kim, 1997; Amsden, 2001; Bell, 2007; Chen and Kim, 2023).

This study contributes to the increasing corpus of literature on NIS, policies, and a
country’s productivity and competitiveness. The aim is to examine the use of data
analytics techniques in studying national innovation determinants and innovation indices
through a SLR.

3 Research approach

This SLR is grounded on an organised, transparent, and repeatable method. Its primary
goals are the identification, organisation, evaluation, and interpretation of pertinent
research evidence, for a particular area of interest (Kitchenham, 2004; Crossan and
Apaydin, 2010). The methodology utilised in this SLR follows the procedure advised by
Kitchenham (2004). The guidelines for an SLR described by Bakker (2010) are also used
to search for relevant research articles covering the literature since Scopus started in
1984, up to 2023.

As such, the planning protocol of this SLR consists of four sections detailed hereafter:

1  research questions
2 databases for literature searching
3 inclusion and exclusion criteria

4  data extraction.

3.1 Research questions

Four research questions are formulated to:

a examine what can be learned from 40 years of scientific achievement in the field of
national innovation using data analytics techniques

b perform a detailed characterisation of the studies, their purposes, their outcomes, the
applied data analytics approaches, as well as their data sources.

The research questions are:
1  How many earlier studies used data analytics to investigate NIS?

2 What are the emerging research areas, sources of publications, and contributing
authors?

3 What techniques are frequently employed by scholars to explore innovation systems?

4 Which countries are studied when examining NIS?
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3.2 Databases for literature search

Scopus and web of Science are both used in the literature search for this SLR. As the two
most popular databases for bibliometric analysis, these databases enable a broad selection
of high-impact, peer-reviewed journals without restriction to a particular area of study.
(Singh et al., 2021; Podsakoff et al., 2005).

3.3 Inclusion and exclusion criteria

A set of inclusion and exclusion criteria are implemented to carefully select each paper,
as outlined in Table 1. The inclusion criteria are designed to ensure the inclusion of
high-quality articles that met specific standards for this study:

1 articles written in English were included to facilitate comprehension and
accessibility for a wider audience

2 articles were required to be supported by data and/or empirical evidence to ensure
the inclusion of robust and evidence-based research

3 the focus was placed on articles published in peer-reviewed journals, which ensured
a level of scholarly rigor and credibility.

Conversely, exclusion criteria were employed to exclude articles that did not align with
the objectives of the study. Articles related to innovation determinants and performance
at the regional, sectorial, firm, individual levels and other specific contexts were
excluded. This deliberate focus on national-level analysis allowed for a more
concentrated examination of the factors and dynamics influencing NIS.

Table 1 Article inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
e Articles in English e Articles related to ‘innovation

e Articles supported by data and/or determinants/performance’ at the:

empirical evidence e Regional level
e Articles in peer-reviewed journals e Sectorial level
e Firm-level

e individual level, etc.

3.4 Data extraction

The keywords formulated for the search are:

(‘national innovation system’, or ‘national innovation capacity’, or ‘national innovation
performance’, or ‘national innovation determinants’, or ‘innovation indices’, or
‘innovation scoreboard’) AND (‘data’, or ‘empiric*’ or ‘machine learning’, or
‘analytics’, or ‘data mining’, or ‘statistical learning’).

It is worth mentioning that the search was conducted between 1984 and 2023, which
includes all the years available on Scopus and web of Science.
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Furthermore, the process of identifying appropriate studies involved multiple steps as
depicted in Figure 1; each involving preset inclusion or exclusion criteria. In the initial
step, papers were checked according to their source type and subject category. Then, only
journal articles were selected.

A second screening based on the titles was conducted. Subsequently, a third filter was
implemented based on abstracts. The fourth and last filter required reading the complete
paper.

For each selected article, the extracted information included the year of publication,
the source of publication, the utilised data analytics techniques, the citation count, the
institution, and the authors. The next step was synthesising and analysing the extracted
articles to identify common themes, patterns, and trends across the included studies.

4 Descriptive analysis of the SLR

A total of 149 studies (detailed in Appendix 1) were collected after conducting the search
procedure described in the previous section. As Figure 1 displays, in the initial step, using
only the search string, 945 papers were returned. After applying the proper filters, the
number of remaining articles decreased to 712, which then declined to 314 studies based
on titles.

Figure 1 Literature selection process
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Inappropriate articles were removed from the list of pertinent articles after reading the
abstracts of all the remaining papers. The number of articles decreased to 211 at the end
of this step. Finally, based on the analysis of the full text of each article, only 149 papers
corresponded to the set of inclusion and exclusion criteria of this study.



276 S. Hamidi and A. Berrado

Figure 1 shows that sustained publishing in the targeted field began around 2008. NIS
analysis has undoubtedly been ongoing since the early work of Lundvall (1985, 1988).
However, data analytics has only recently been introduced in this field. The number of
data-driven articles dealing with NIS is observed to increase exponentially after 2008
(with two publications), reaching 25 publications in 2022.

The number of published articles on national innovation analysis using data analytics
is relatively small compared to articles published on national innovation as a whole
during the same period, which totals 4,362 articles on Scopus and web of Science. This
number underlines an expanding interest in this field of research.

The objective of this analysis step is to identify the primary data analytics for national
innovation studies based on the most cited articles. Another objective is to identify
journals with the biggest impact on the development of this field of study.

Overall, the 149 selected publications are published in 98 journals, indicating that
there is no concentration in any particular journal. However, the top 10 publishing venues
in terms of citations are shown in Table 2. These ten journals, which include only 32
papers out of 149, account for 80% of all citations.

Figure 2 Number of national innovation research publications per year (see online version
for colours)
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The journal ‘Research Policy’ has, by far, the most articles in this field with ten
publications out of 149. It also accounts for the most citation count (3,085 citations),
corresponding to 62% of all citations. ‘World Development’ journal is a distant second
venue with only two articles and 277 citations. Third is the journal ‘socio-economic
planning sciences’ with one article and 121 citations. Fourth is ‘technovation’ which
published 5 articles and received 105 citations. The ‘Journal of Business Research’ and
‘Technology Analysis and Strategic Management’ rank fifth each with four publications,
and 94 and 54 citations, respectively.
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Publications per sources and citations (continued)

Table 2
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It is also worth mentioning that although the number of data-driven publications on NIS
was limited (only 149 over 40 years or less than 4 articles per year), the number of
citations is quite impressive, reaching 5,012 citations or an average of about 33 citations
per article. This can be explained by the fact that the findings of these studies are
significant and are used in other fields.

Analysing the top three most cited articles yielded interesting results. The top-cited
article in this field was published by Furman et al. in 2002 and received 1,346 citations. It
proposed a new concept: ‘national innovative capacity’, which was defined as the
capability of a nation to generate and commercialise a continuous supply of innovative
technologies over a long-term period. This capacity concept depends on three main
factors, namely the national innovation infrastructure, the environment of industrial
clusters, and the relationship between these two elements.

The second top-cited article -with 633 citations- by Muller and Zenker was published
in 2001 and discussed the role of knowledge-intensive business services (KIBS) in
innovation systems at both the regional and national levels. It argued that KIBS plays an
important role in knowledge production, transformation, and diffusion through their
interactions with clients, especially manufacturing small — and medium-sized enterprises
(SMEs).

The third top-cited article by Fagerberg and Srholec dates back to 2008 and received
456 citations. It investigated the impact of capabilities on the growth of economies. Four
types of ‘capabilities’ were identified: innovation system, governance, political system,
and openness. Statistical analysis showed strong relationships between GDP per capita
and the innovation system and governance. It demonstrated little support however for the
idea that differences in openness or political systems matter much for development.

The selected articles also originate from different geographic regions (The geographic
repartition of universities of the authors of the selected papers). In this section, the aim is
to identify countries interested in studying and examining this field of research.

Table 3 Geographic distribution of the selected papers

Countries Number of papers Citation count
China 13 406
USA 11 1,720
UK 9 163
Poland 9 31
Spain 8 294
South Korea 8 172
Russian Federation 8 73
Netherlands 7 402
Norway 6 701
Germany 6 753

Table 3 shows the geographic distribution (top 10) of papers selected focusing on
national innovation determinants and Data Analytics, published between 1984 and 2023.
Regarding the number of publications, there is no significant variation between the
countries, but there is in the number of citations. China, at the top of the list with 13
articles, has a record of 406 citations, followed by the USA with 11 articles and 1,720



280 S. Hamidi and A. Berrado

citations. The UK and Poland come next with 9 journals and 163 and 31 citations,
respectively. Germany, on the other hand, ranks in 10th position with 6 articles and 753
citations.

5 Analytics and scope of national innovation research

5.1 Data analytics techniques

Although investigating national innovation analysis from a data perspective, the 149
articles utilised a wide variety of data analytics techniques. Figure 3 shows the various
techniques and methods utilised in national innovation data analytics. Among these
articles, 33 employed regression techniques as their primary analytical approach.
Additionally, 24 articles utilised the data envelopment analysis (DEA) method, while 14
articles employed the correlation method. The factor analysis (FA) and panel data
analysis, on the other hand, were used in 10 articles each.

Furthermore, machine learning (ML) techniques were used in seven articles, while
both the fuzzy set qualitative comparative analysis (FSQCA) and structural equation
modelling (SEM) methods were employed in 6 and 4 articles, respectively. In addition, it
is worth noting that a dozen other methods were also employed, each appearing only
once or twice across the analysed articles (vector error correction model, Spatial
Bayesian Models, ...).

Figure 3 Data analytics techniques used in selected papers (see online version for colours)

Notes: Reg: regression techniques, DEA: data envelopment analysis, FA: factor analysis,
Corr: correlation techniques, Cl: clustering analysis, panel: panel data analysis,
ML: machine learning techniques, fsSQCA: fuzzy set qualitative comparative
analysis, SEM: structural equation modelling methods, CDM: Crepon, Duguet,
and Mairesse (CDM) model.

ML has become an effective method to generate strong predictive algorithms in many
different kinds of applications. These techniques can process various types and
multidimensional data as well as extract underlying associations from data in changing
and challenging environments (like NIS) (Wuest et al., 2016; Carvalho et al., 2019).
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Taking this into consideration, it appears that there is a need for scholars to take
advantage of these techniques to boost their studies on innovation, especially at a national
level.

5.2 Countries subject of studies

The concept of a national innovation system was developed in the mid-1980s in an
attempt to understand

1 the wide range of variables that determine a nation’s capacity for innovation

2 how these elements explain the differences between nations in terms of
competitiveness and prosperity (Lundvall, 1985 and 1992; Edquist, 1997).

At first, OECD-member developed economies were the primary target of this research
(Nelson, 1993). Later on, it shifted to innovation systems in the context of developing —
and less-developed countries (Lundvall et al., 2009; Castellacci and Natera, 2011). More
Recently, studies analysing NIS have focused on classifying countries by their income
into income groups (Choi and Zo, 2019; Leontitsis et al., 2018).

As depicted in Figure 4, a striking remark is that 26% of the selected papers (39
papers) are analysing the NIS at a global level. This means that the researchers’ findings
applied to all economies, regardless of development level, and that the data was broadly
applicable.

Figure 4 Distribution of selected papers based on the scope of national innovation analysis
(see online version for colours)
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and development data countries, BRICS: Brazil, Russia, India, China, and South
Africa, V4: Visegrad Group: the Czech Republic, Hungary, Poland, Slovakia,
ASEAN: The Association of Southeast Asian Nations.
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On a regional level, the region that received most of the attention in this research field is
the European Union (EU). 21% of all selected papers are focused on EU countries, and
how to rely on innovation at a national level, to enhance EU economic growth. This
indicates a European recognition of the importance of understanding innovation
dynamics on a collective level, considering global trends and regional contexts.

In contrast, 24 articles (or roughly 16%) examine NIS for a specific country. While
only 11 papers out of 149 handle this topic from the perspectives of developed and
developing countries. In addition, only seven articles out of the 149 comparatively
investigated national innovation between countries; while nine studied national
innovation in OECD countries and five studies for BRICS countries. This suggests a
potential area for further exploration, as comparative studies can provide valuable
insights into the variations and similarities in national innovation strategies and
outcomes, and paths for improvement for countries seeking to enhance their national
innovation performance.

Nevertheless, the current SLR found only four papers out of 149 that involved small
economies and African countries. This is highly worrying as it shows that innovation is
lagging in developing countries and calls for effective action. These results indicate that
these countries need further NIS research attention, especially in identifying the causes
limiting the progress of their innovation systems.

5.3 Data sources used

Data gathering is one of the most important research steps. To be able to perform their
research successfully, researchers require reliable, relevant, and accessible data (primary:
original data that are collected for the first time, or secondary: data that has already been
gathered and statistically processed by another party) (Mazhar et al., 2021).

As Table 4 shows, the data utilised in the 149 reviewed articles are principally
secondary data, originating from key sources such as the global innovation index (GII),
European innovation scoreboard (EIS), World Bank surveys (WB), as well as data from
organisations like OECD, UNESCO, UNCTAD, and UNDP. Another significant data
source employed in the analysis of the considered articles comes from patent offices,
such as the World Intellectual Property Organisation (WIPO) and the USA Patent and
Trademark Office (USPTO).

For example, 39 articles use GII, of which 25 are published in the last two years, i.e.,
2022 and 2023- demonstrating that this index is not only used to rank countries according
to their innovativeness but presents also a powerful source of reliable data. It is worth
noting that the GII is an annual global ranking of countries according to their ability and
success in innovation, prepared since 2007 jointly by J. Cornell University, the INSEAD,
and the WIPO (Hamidi and Berrado, 2018).

In summary, researchers in the national innovation research field rely on a diverse
assortment of data sources. The utilisation of indices like the GII and European
Innovation Scoreboard provides a standardised framework for benchmarking and
comparing innovation performance across countries (Hamidi and Berrado, 2017). These
indices incorporate multiple indicators and metrics, allowing for a comprehensive
assessment of national innovation capabilities. Moreover, the utilisation of such
comprehensive datasets promotes transparency and ensures the replicability of studies,
reinforcing the credibility and validity of research findings. Overall, the findings
highlight the importance of data-driven approaches in enhancing the understanding of
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national innovation dynamics and facilitating evidence-based policymaking in this field.
Moreover, the data sources presented in Table 4, can serve as a reference for researchers
in the field of innovation, offering a wide spectrum of reliable, durable, and accessible
data.

Table 4 Data source abbreviations and usage frequency
Abbreviation Data source full name Usage frequency
GII Global Innovation Index 39
WB World Bank 29
EIS European Innovation Scoreboard 25
OECD Organisation for Economic Cooperation and 16
Development
USPTO USA Patent and Trademark Office 15
WIPO World Intellectual Property Organisation 14
UNESCO United Nations Educational, Scientific and Cultural 11
Organisation
WDI World Development Indicators 10
GCI Global Competitiveness Index 9
CIS Community Innovation Survey 9
WCY World Competitiveness Yearbook 8
EUROSTAT Database European Commission 8
NI Survey National Innovation Survey 7
NS National Statistics 7
WOS web of Science 5
WEF World Economic Forum 5
EPO European Patent Office 4
SCImago SCImago Journal Rank 3
UNCTAD United Nations Conference on Trade and Development 3
GCR Global Competitiveness Report 3
WVS World Values Survey 3
UNDP United Nations Development Program 2
WEO World Economic Outlook 2
IMF International Monetary Fund 2
CANA CANA Database 2
NSF National Science Foundation 1
HD Human Development Index 1
GCrl Global Creativity Index 1
IEC Index of Economic Complexity 1
NISTEP National Institute of Science and Technology Policy 1
(Japan)
NBER National Bureau of Economic Research 1

WGI Worldwide Governance Indicators 1
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Table 4 Data source abbreviations and usage frequency (continued)
Abbreviation Data source full name Usage frequency
ILOSTAT International Labour Statistics 1
TIMES Trends in Mathematics and Science Study 1
UNIDO United Nations Industrial Development Organisation 1
GET Global Entrepreneurship Index 1
SCI Science Citation Index 1
SSCI Social Science Citation Index 1
IFS International Financial Statistics 1
WTO World Trade Organisation 1
UNSD United Nations Statistics Division 1

5.4 How is the NIS examined?

NIS, in this SLR, are typically examined either:
1 based on all the indicators (inputs and outputs of national innovation)
2 by proving the impact of a single factor on the NIS.

The indicators considered in the first aspect often use the GII or the EIS framework (Cho
and Park, 2022; Cavalcante, 2023; Erdin and Caglar, 2023; Hsu, 2011; Halkos and
Tzeremes, 2013; Albulescu and Draghici, 2016; Wirkierman et al., 2023). Examples of
the second aspect include a single factor such as the cultural dimension (Murswieck,
2020; Tekic and Tekic, 2021; Das, 2022; Escandon-Barbosa et al., 2022), or governance
(Zupan et al., 2017; Zang et al., 2019; Bekana, 2020), or even the Foreign Direct
Investment (FDI) (Qu et al., 2017; HintoSova et al., 2020; Haq, 2023).
Researchers were also interested in analysing the NIS by measuring:

1 its efficiency (Berger and Diez, 2006; Chen et al., 2011; Kou et al., 2016; Jutickova
et al., 2019; Alnafrah 2021; Erdin and Caglar, 2023)

2 its performance (Doyle and O’Connor, 2013; Elahi et al., 2016; Santos, 2020)

3 its determinants (Furman et al., 2002; Bartels et al., 2012; Zupan et al., 2017,
Vokoun and Dvoulety, 2022).

This study contributes to the field of NIS (using data analytics) by shedding light on its
evolution, identifying gaps, advocating for methodological advancements, offering a
global perspective, and emphasising inclusivity in both research focus and policy
considerations. These contributions would help enhance the understanding and potential
impact of research in this dynamic and evolving field.

The implications of these findings suggest a need for a global, inclusive, and
technologically advanced approach to both innovation management practices and
government policies. Recognising the emerging nature of the field, leveraging Al
technologies, diversifying data sources, and addressing geographical disparities are key
considerations for organisations and policymakers alike.

The study’s contributions extend beyond its specific findings to shape the direction of
future research, inform methodological choices, and provide valuable insights for
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policymakers, researchers, and practitioners in the field of national innovation using data
analytics.

6 Conclusions

This SLR, based on a systematic selection of web of Science and Scopus-indexed articles
for 40 years (1984 to 2023), has provided a comprehensive analysis of data analytics
techniques utilised to study national innovation determinants and indices. A total of 149
articles met the selection criteria and were thoroughly examined, allowing for a detailed
exploration of the topic.

The main findings of this SLR can be summarised in these main points:

The field of studies examining national innovation using data analytics is a relatively
new field with a limited research output of 149 articles over 40 years or a little less
than 4 articles per year. these studies only began regularly in 2010, and more than
56% of them have been published in the last 5 years. This shows that this is an
emerging field of research that needs more investigation. On the other hand, the
number of citations for all these articles is quite high, which underlines the
importance of their findings and that they are of interest in other research fields.

No concentration of this field of research is observed in a specific country or journal.
China, at the top of the ranking, has 13 out of 149 articles from its universities with a
citation count of 406, followed by the USA with 11 articles but 1,720 citations.
Norway and Germany at the 9th and 10th rank respectively, record 701 and 753
citations.

Numerous techniques have been identified and utilised by researchers to analyse
innovation at a national level, ranging from regression techniques and DEA to
FsQCA and SEM methods. Nonetheless, there is a gap in the use of ML techniques,
and Artificial Intelligence in general, in this field of research with only seven articles
out of 149. The demonstrated ability of Al to determine proven patterns in almost all
fields of research presents a huge potential for the innovation field of research and
study.

Several reliable, sustainable, transparent, and above all, available data sources have
been identified, reinforcing the proposal to use Al techniques for NIS analysis and
forecasting. The GII (39 articles), EIS (25 articles), and WB data (29 articles) are the
primary sources of data utilised, followed by data from the Intellectual Property
offices namely the USPTO (16 articles) and the WIPO (14 articles).

The identified literature shows a geographical disparity as most research examines
innovation in the EU and OECD countries. These studies are based mainly on the
data and analyses offered by the European Innovation Index (EIS) and the various
OECD data sources. Their results undoubtedly enlighten researchers and
policymakers in these countries about the factors driving innovation and therefore
economic growth. This shows the importance of having a solid, periodic data
repository at the level of a country or group of countries.

Low-income countries, small economies, African countries, and also developing
countries, are rarely examined. Future studies should focus on these countries, to
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help them better understand the constraints and opportunities they face in developing
efficient strategies and strengthening their innovation capacities.

Future studies should target the geographical innovation disparity. There is a need to
expand the scope to include low-income countries, small economies, African countries,
and other developing nations. This would contribute to a more inclusive and global
perspective on NIS.

Furthermore, the limited use of ML techniques and artificial intelligence in national
innovation studies offers promising research opportunities. Investigating the potential of
Al in analysing innovation patterns and trends at a national level could yield new
insights. Exploring how ML algorithms can also provide more nuanced predictions.

Further analysis is also needed to compare the various methodologies employed in
national innovation studies. Evaluating the strengths and weaknesses of other methods
such as regression techniques, DEA, FsQCA, and SEM; and comparing them to ML
methods would help identify the most appropriate techniques for specific contexts in this
field of research.

Finally, policymakers, industry leaders, and researchers from underrepresented
regions should be engaged, to incorporate diverse perspectives into the research agenda.
This could help identify context-specific challenges and opportunities.

It is important to also acknowledge the potential limitations of this study’s approach.
While the search was conducted using the Scopus and web of Science databases,
alternative search engines could have yielded different results, and thus, some relevant
articles may have been missed. Although efforts were made to select comprehensive
keywords, it is still possible that certain important articles were overlooked. Additionally,
while inclusion and exclusion criteria were established to ensure relevance and rigor,
some pertinent articles may be inadvertently excluded. Despite our best efforts to be
thorough, the subjective nature of the selection process introduces the possibility of
unintentional omissions.

References

Adamovsky, P. and Gonda, V. (2019) ‘Differences in efficiency of national innovation systems of
Slovakia and selected EU countries’, Politicka Ekonomie, Vol. 67, No. 2, pp.181-197.

Afzal, M., Ahmad, H. K., and Mushtaq, B. (2020) ‘National innovative capacity and knowledge
creation in advanced economies: an empirical investigation’, Innovation: The FEuropean
Journal of Social Science Research, pp.1-21.

Afzal, M., Lawrey, R. and Gope, J. (2019) ‘Understanding national innovation system (NIS) using
Porter’s diamond model (PDM) of competitiveness in ASEAN-05’, Competitiveness Review:
An International Business Journal, Vol. 29, No. 4, pp.336-355.

Afzal, M.N.I. (2014) ‘An empirical investigation of the National Innovation System (NIS) using
Data Envelopment Analysis (DEA) and the TOBIT model’, International Review of Applied
Economics, Vol. 28, No. 4, pp.507-523.

Albulescu, C.T. and Draghici, A. (2016) ‘Entrepreneurial activity and national innovative capacity
in selected European countries’, The International Journal of Entrepreneurship and
Innovation, Vol. 17, No. 3, pp.155-172.

Alnafrah, I. (2019) ‘Dynamic structural comparison of BRICS national innovation systems based
on machine learning techniques’, International Journal of Technological Learning,
Innovation, and Development, Vol. 11, No. 3, pp.265-290.



Data analytics for national innovation research 287

Alnafrah, 1. (2021) ‘Efficiency evaluation of BRICS’s national innovation systems based on
bias-corrected network data envelopment analysis’, Journal of Innovation and
Entrepreneurship, Vol. 10, No. 1, p.26.

Alnafrah, I. and Zeno, B. (2020) ‘A new comparative model for national innovation systems based
on machine learning classification techniques’, Innovation and Development, Vol. 10, No. 1,
pp-45-66.

Alnafrah, 1., and Zeno, B. (2019) ‘A new comparative model for national innovation systems based
on machine learning classification techniques’, Innovation and Development, Vol. 10, No. 1,
pp-45-66.

Amsden, A. (2001) The Rise of the Rest, Oxford University Press, Oxford.

Anderson, H.J. and Stejskal, J. (2019) ‘Diffusion efficiency of innovation among EU member
states: a data envelopment analysis’, Economies, Vol. 7, No. 2, p.34.

Andrijauskiene, M., Dumciuviene, D. and Vasauskaite, J. (2021) ‘Redeveloping the national
innovative capacity framework: European Union perspective’, Economies, Vol. 9, No. 4,
p.201.

Anisimov, A.Y., Kostyukhin, Y.Y., Skryabin, O.0., Zhaglovskaya, A.V. and Androsova, L.V.
(2017) ‘National innovation system as a model of economic development’, International
Journal of Advanced Biotechnology and Research, Vol. 8, No. 3, pp.2075-2082.

Arjune, V., Singh, R., Desai, P. N., Tripathi, K., Pandey, N. and Desai, P.N. (2021) ‘A
scientometric analysis of the evolution and changing structure in systems of innovation
approaches’, Journal of Scientometric Research, 10(2), 212.224.

Aytekin, A., Ecer, F., Korucuk, S. and Karamaga, C. (2022) ‘Global innovation efficiency
assessment of EU member and candidate countries via DEA-EATWIOS multi-criteria
methodology’, Technology in Society, Vol. 68, No. 1, p.101896.

Babenko, V., Pravotorova, O., Yefremova, N., Popova, S.M., Kazanchuk, ID. and
Honcharenko, V. (2020) ‘The innovation development in China in the context of
globalisation’, WSEAS Transactions on Business and Economics, Vol. 17, No. 1, pp.523-531.

Bacon, D., Forner, D. and Ozcan, S. (2019) ‘Machine learning approach for national innovation
performance data analysis’, in 8th International Conference on Data Science, Technology and
Applications, SciTePress, pp.325-331.

Bakker, R. M. (2010) ‘Taking stock of temporary organizational forms: a systematic review and
research agenda’, International Journal of Management Reviews, Vol. 12, No. 4, pp.466—486.

Balzat, M. and Pyka, A. (2006) ‘Mapping national innovation systems in the OECD area’,
International Journal of Technology and Globalisation, Vol. 2, Nos. 1-2, pp.158-176.

Barbero, J., Zabala-Iturriagagoitia, J.M. and Zofio, J.L. (2021) ‘Is more always better? On the
relevance of decreasing returns to scale on innovation’, Technovation, Vol. 107, No. 1,
p.102314.

Bartels, F.L., Voss, H., Lederer, S. and Bachtrog, C. (2012) ‘Determinants of national innovation
systems: policy implications for developing countries’, [nnovation, Vol. 14, No. 1, pp.2—18.

Bate, A.F., Wachira, E.W. and Danka, S. (2023) ‘The determinants of innovation performance: an
income-based cross-country comparative analysis using the Global Innovation Index (GII)’,
Journal of Innovation and Entrepreneurship, Vol. 12, No. 1, pp.1-27.

Bekana, D.M. (2020) ‘Does governance quality promote innovation in sub-Saharan Africa? An
empirical study across 37 countries’, Innovation and Development, Vol. 10, No. 1, pp.21-44.

Bell, M. (2007) Technological Learning and the Development of Production and Innovative
Capacities in the Industry and Infrastructure Sectors of the Least Developed Countries: What
Role for ODA?, Report 2007, UNCTAD, Geneve.

Berger, M. and Diez, J.R. (2008) ‘Can host innovation systems in late industrializing countries
benefit from the presence of transnational corporations? Insights from Thailand’s
manufacturing industry’, European Planning Studies, Vol. 16, No. 8, pp.1047-1074.



288 S. Hamidi and A. Berrado

Berger, M. and Revilla Diez, J. (2006) ‘Do firms require an efficient innovation system to develop
innovative technological capabilities? Empirical evidence from Singapore, Malaysia, and
Thailand’, International Journal of Technology Management, Vol. 36, Nos. 1-3, pp.267-285.

Bielinska-Dusza, E., and Hamerska, M. (2021) ‘Methodology for calculating the European
innovation scoreboard — proposition for modification’, Sustainability, Vol. 13, No. 4, p.2199.

Bulut, M., Ser¢ek, S., and Demir, S. (2022) ‘Investigation of E-27 and Candidate Countries’
Lifelong Learning, R&D - innovation performances and gross domestic product by
multidimensional scaling analysis’, Sustainability, Vol. 14, No. 23, p.16252.

Carvalho, T.P., Soares, F.A., Vita, R., Francisco, R.D.P., Basto, J.P. and Alcala, S.G. (2019) ‘A
systematic literature review of machine learning methods applied to predictive maintenance’,
Computers and Industrial Engineering, Vol. 137, No. 1, p.106024.

Castellacci, F. and Natera, J.M. (2011) ‘A new panel dataset for cross-country analyses of national
systems, growth, and development (CANA)’, Innovation and Development, Vol. 1, No. 2,
pp-205-226.

Castellacci, F. and Natera, J.M. (2013) ‘The dynamics of national innovation systems: a panel
cointegration analysis of the coevolution between innovative capability and absorptive
capacity’, Research Policy, Vol. 42, No. 3, pp.579-594.

Cavalcante, P.L.C. (2023) ‘Do politics and administration affect innovation performance? A
comparative analysis’, Revista de Administracdo Publica, Vol. 57, pp.e2022-0204.

Chaminade, C., Intarakumnerd, P., and Sapprasert, K. (2012) ‘Measuring systemic problems in
national innovation systems. An application to Thailand’, Research Policy, Vol. 41, No. 8,
pp-1476-1488.

Chang, S.H. and Fan, C.Y. (2017) ‘Scientific or technological driving force? Constructing a system
of national innovative capacity’, International Journal of Innovation Science, Vol. 9, No. 2,
pp.170-183.

Chen, C. P., Hu, J. L., and Yang, C. H. (2011) ‘An international comparison of R&D efficiency of
multiple innovative outputs: The role of the national innovation system’, Innovation, 13(3),
341-360.

Chen, P. and Kim, S. (2023) ‘The impact of digital transformation on innovation performance
mediating role of innovation factors’, Heliyon, Vol. 9, No. 3, p.13916.

Cho, A. and Park, S. (2022) ‘Exploring the global innovation systems perspective by applying
openness index to national systems of innovation’, Journal of Open Innovation: Technology,
Market, and Complexity, Vol. 8, No. 4, p.181.

Choi, H. and Zo, H. (2019) ‘Assessing the efficiency of national innovation systems in developing
countries’, Sci. Public Policy, Vol. 46, No. 4, pp.530-540.

Chu, M.T., Fardoei, S.R., Fallah, H., Ghazinoory, S. and Aliahmadi, A. (2014) ‘Modeling national
innovation system enabled by knowledge management’, Journal of Business Economics and
Management, Vol. 15, No. 5, pp.964-977.

Chulok, A. (2021) ‘Applying blended foresight methods for revealing incentives and future
strategies of key national innovation system players’, Engineering Management in Production
and Services, Vol. 13, No. 4, pp.160-173.

Chung, D., Jung, H. and Lee, Y. (2022) -‘Investigating the relationship of high-tech
entrepreneurship and innovation efficacy: the moderating role of absorptive capacity’,
Technovation, Vol. 111, No. 1, p.102393.

Cirillo, V., Martinelli, A., Nuvolari, A. and Tranchero, M. (2019) ‘Only one way to skin a cat?
Heterogeneity and equifinality in European national innovation systems’, Research Policy,
Vol. 48, No. 4, pp.905-922.

Correa C. (1998) ‘Argentina’s national innovation system’, International Journal of Technology
Management, Vol. 15, Nos. 67, pp.721-760.



Data analytics for national innovation research 289

Costa Cavalcante, P.L. (2023) ‘Do politics and administration affect innovation performance? A
comparative analysis. RAP’, Revista Brasileira de Administra¢do Publica, Vol. 57, No. 2,
pp.1-20.

Costa Cavalcante, PL. (2024) ‘Innovation performance and its determinants: what does it take to
succeed?’, Innovation and Management Review, Vol. 21, No. 1, pp.1-17.

Coutinho, E.M.O. and Au-Yong-Oliveira, M. (2023) ‘Factors influencing innovation performance
in portugal: a cross-country comparative analysis based on the global innovation index and the
European innovation scoreboard’, Sustainability, Vol. 15, No. 13, p.10446.

Crespi, G. and Zuniga, P. (2012) ‘Innovation and productivity: evidence from six Latin American
countries’, World Development, Vol. 40, No. 2, pp.273-290.

Crespo, N.F. and Crespo, C.F. (2016) ‘Global innovation index: moving beyond the absolute
value of ranking with a fuzzy-set analysis’, Journal of Business Research, Vol. 69, No. 11,
Pp.5265-5271.

Crossan, M.M. and Apaydin, M. (2010) ‘A multi-dimensional framework of organizational
innovation: a systematic review of the literature’, Journal of Management Studies, Vol. 47,
No. 6, pp.1154-1191.

Cui, X., Chen, B. and Chang, Y. (2017) ‘Transnational RandD centers and national innovation
systems in host countries: empirical evidence from China’, Canadian Public Policy, Vol. 43,
No. S2, pp.S107-S121.

Cunningham, P. and Gok, A. (2012) The Impact and Effectiveness of Policies to Support
Collaboration for R&D and Innovation, Compendium of Evidence on the Effectiveness of
Innovation Policy, MIoIR-NESTA, Manchester; London.

Cvetanovic, S., Despotovié¢, D., Mladenovi¢, 1. and Jovovi¢, D. (2014) ‘The analysis of innovation
in Western Balkan countries in 2012°, Economic research-Ekonomska istrazivanja, Vol. 27,
No. 1, pp.830-846.

Das, R. (2022) ‘Cultural determinants of national innovativeness: a 56 country Bayesian analysis’,
Technology Analysis and Strategic Management, Vol. 34, No. 8, pp.933-945.

Dempere, J., Qamar, M., Allam, H. and Malik, S. (2023) ‘The impact of innovation on economic
growth, foreign direct investment, and self-employment: a global perspective’, Economies,
Vol. 11, No. 7, p.182.

Disoska, E.M., Toshevska-Trpchevska, K., Tevdovski, D., Jolakoski, P. and Stojkoski, V. (2023)
‘A pooled overview of the european national innovation systems through the lenses of the
community innovation survey’, Journal of the Knowledge Economy, Vol. 14, No. 4, pp.1-25.

Doloreux, D. and Gomez, I. P. (2017) ‘A review of (almost) 20 years of regional innovation
systems research’, European Planning Studies, Vol. 25, No. 3, pp.371-387, DOI: 10.1080/
09654313.2016.1244516.

Doyle, E. and O’Connor, F. (2013) ‘Innovation capacities in advanced economies: relative
performance of small open economies’, Research in International Business and Finance,
Vol. 27, No. 1, pp.106-123.

Dritsaki, M. and Dritsaki, C. (2023) ‘R&D expenditures on innovation: a panel cointegration study
of the EU countries’, Sustainability, Vol. 15, No. 8, p.6637.

Du, K. and O’Connor, A. (2021) ‘Examining economic complexity as a holistic innovation system
effect’, Small Business Economics, Vol. 56, No. 1, pp.237-257.

Dutta, S., Lanvin, B., and Wunsch-Vincent, S. (2019) The Global Innovation Index 2019: Creating
Healthy Lives — the Future of Medical Innovation, Cornell University, INSEAD, and WIPO.

Dutta, S., Lanvin, B., Leon, L.R. and Wunsch-Vincent, S. (2022) ‘What is the Future of
Innovation- Driven Growth?, Global Innovation Index Report, Vol. 2000, WIPO, ISBN: 978-
92-805-3433-7.

Dworak, E. (2020) ‘The innovation gap between the Polish economy and the European Union’,
Comparative Economic Research. Central and Eastern Europe, Vol. 23, No. 3, pp.63-73.



290 S. Hamidi and A. Berrado

Dworak, E. and Grzelak, M.M. (2023) ‘the innovation gap of national innovation systems in the
European Union’, Comparative Economic Research. Central and Eastern Europe, Vol. 26,
No. 1, pp.7-20.

Dworak, E., Grzelak, M.M. and Roszko-Wojtowicz, E. (2021) ‘Comparison of national innovation
systems in the European Union countries’, Risks, Vol. 10, No. 1, p.6.

Edquist, C. (1997) ‘Systems of innovation approaches—their emergence and characteristics’,
Systems of Innovation: Technologies, Institutions and Organizations, Vol. 1989, No. 1,
pp-1-35.

Edquist, C., Zabala-Iturriagagoitia, J.M., Barbero, J. and Zofio, J. L. (2018) ‘On the meaning of
innovation performance: is the synthetic indicator of the Innovation Union Scoreboard
flawed?’, Research Evaluation, Vol. 27, No. 3, pp.196-211.

Elahi, S.B., Kalantari, N., Azar, A. and Hassanzadeh, M. (2016) ‘Impact of common innovation
infrastructures on the national innovative performance: mediating role of knowledge and
technology absorptive capacity’, Innovation, Vol. 18, No. 4, pp.536-560.

Engelbrecht, H.J. and Darrogh, J. (1999) ‘A comparative macro-level assessment of New Zealand’s
‘national innovation system’, Prometheus, Vol. 17, No. 3, pp.283-298.

Erdin, C. and Caglar, M. (2023) ‘National innovation efficiency: a DEA-based measurement of
OECD countries’, International Journal of Innovation Science, Vol. 15, No. 3, pp.427-456.

Erzurumlu, S.S., Erzurumlu, Y.O. and Yoon, Y. (2022) ‘National innovation systems and dynamic
impact of institutional structures on national innovation capability: a configurational approach
with the OKID method’, Technovation, Vol. 114, No. 1, p.102552.

Escandon-Barbosa, D., Ramirez, A. and Salas-Paramo, J. (2022) ‘The effect of cultural orientations
on country innovation performance: Hofstede cultural dimensions revisited?’, Sustainability,
Vol. 14, No. 10, p.5851.

Espig, A., Mazzini, I.T., Zimmermann, C. and de Carvalho, L.C. (2021) ‘National culture and
innovation: a multidimensional analysis’, Innovation and Management Review, Vol. 19, No. 4,
pp.322-338.

Faber, J. and Hesen, AB. (2004) ‘Innovation capabilities of European nations: cross-national
analyses of patents and sales of product innovations’, Research Policy, Vol. 33, No. 2,
pp-193-207.

Fagerberg, J. and Srholec, M. (2008) ‘National innovation systems, capabilities and economic
development’, Research Policy, Vol. 37, No. 9, pp.1417-1435.

Fernandes, C., Farinha, L., Ferreira, J.J., Asheim, B. and Rutten, R. (2021) ‘Regional innovation
systems: what can we learn from 25 years of scientific achievements?’, Regional Studies,
Vol. 55, No. 3, pp.377-389.

Fernandez, J. and Gavilanes, J.C. (2017) ‘Learning-by-importing in emerging innovation systems:
evidence from Ecuador’, The Journal of International Trade and Economic Development,
Vol. 26, No. 1, pp.45-64.

Ferreira, P.J.S. and Dionisio, A.T.M. (2016) ‘What are the conditions for good innovation results?
A fuzzy-set approach for European Union’, Journal of Business Research, Vol. 69, No. 11,
pp-5396-5400.

Filippetti, A. and Guy, F. (2020) ‘Labor market regulation, the diversity of knowledge and skill,
and national innovation performance’, Research Policy, Vol. 49, No. 1, p.103867.

Filippetti, A., Frenz, M. and Ietto-Gillies, G. (2011) ‘Are innovation and internationalization
related? An analysis of European countries’, Industry and Innovation, Vol. 18, No. 5,
Pp.437-459.

Foray D. (1994) ‘Production and distribution of knowledge in the new systems of innovations: the
role of intellectual property rights’, ST/ Review, Vol. 14, No. 1, pp.119-152.

Freeman C. (1987) Technology and Economic Performance: Lessons from Japan, Pinter, London.



Data analytics for national innovation research 291

Fukugawa, N. (2017) ‘University spillover before the national innovation system reform in Japan’,
International Journal of Technology Management, Vol. 73, No. 4, pp.206-234.

Furman, J.L., Porter, M.E. and Stern, S. (2002) ‘The determinants of national innovative capacity’,
Research Policy, Vol. 31, No. 6, pp.899-933.

Gackstatter, S., Kotzemir, M. and Meissner, D. (2014) ‘Building an innovation-driven
economy—the case of BRIC and GCC countries’, Foresight, Vol. 16, No. 4, pp.293-308.

Gajda, W., Kuznetsov, A.A. and Kuznetsova, S.A. (2018) ‘Does innovation is driving force?
Analysis and control for EU, Poland and Ukraine’, Financial and Credit Activity Problems Of
Theory and Practice, Vol. 4, No. 27, pp.111-121.

Ghazinoory, S., Bitaab, A. and Lohrasbi, A. (2014) ‘Social capital and national innovation system:
a cross-country analysis’, Cross Cultural Management, Vol. 21, No. 4, pp.453—475.

Guan, J. and Chen, K. (2012) ‘Modeling the relative efficiency of national innovation systems’,
Research Policy, Vol. 41, No. 1, pp.102-115.

Halkos, G.E. and Tzeremes, N.G. (2013) ‘Modelling the effect of national culture on countries’
innovation performances: a conditional full frontier approach’, International Review of
Applied Economics, Vol. 27, No. 5, pp.656—678.

Hall, J.L. (2009) ‘Adding meaning to measurement: evaluating trends and differences in innovation
capacity among the states’, Economic Development Quarterly, Vol. 23, No. 1, pp.3—12.

Hamidi, S. and Berrado, A. (2017) ‘A framework for National Innovation Determinants’, in
Proceedings of the International Conference on Industrial Engineering and Operations
Management Rabat, Morocco.

Hamidi, S. and Berrado, A. (2018) ‘Segmentation of innovation determinants: Case of the global
innovation index’, in Proceedings of the 12th International Conference on Intelligent Systems:
Theories and Applications, pp.1-8.

Haq, N.U. (2023) ‘Impact of FDI and its absorption capacity on the national innovation
ecosystems: evidence from the largest FDI recipient countries of the world’, Foreign Trade
Review, Vol. 58, No. 2, pp.259-288.

HintoSova, A.B., Bruothovd, M. and Vaskova, 1. (2020) ‘Does foreign direct investment boost
innovation? The case of the Visegrad and Baltic countries’, Quality Innovation Prosperity,
Vol. 24, No. 3, pp.106—-121.

Hobday, M. (1995) Innovation in East Asia: The Challenge to Japan, Edward Elgar, Cheltenham.

Hollanders, H. and Esser, F.C. (2007) Measuring Innovation Efficiency, INNO-Metrics Thematic
Paper, December 2007.

Honcharov, Y.V., Dykha, M.V., Voronina, V., Milka, A. and Klymenchukova, N. (2023)
Forecasting the Innovation of Ukraine’s Economic Development in a Global Dimension,
Scientific Bulletin of National Mining University, No. 1.

Hsu, Y. (2011) ‘Cross national comparison of innovation efficiency and policy application’,
African Journal of Business Management, Vol. 5, No. 4, p.1378.

Huang, H.C., Shih, H.Y. and Wu, Y.C. (2011) ‘Contagion effects of national innovative capacity:
Comparing structural equivalence and cohesion models’, Technological Forecasting and
Social Change, Vol. 78, No. 2, 244-255.

Huarng, K.H. and Yu, T.H.K. (2022) ‘Analysis of global innovation index by structural qualitative
association’, Technological Forecasting and Social Change, Vol. 182, No. 1, p.121850.

Ivanov4, E. and Cepel, M. (2018) ‘The impact of innovation performance on the competitiveness of
the Visegrad 4 countries’, Journal of Competitiveness, Vol. 10, No. 1, p.54.

Ivanové, E. and Zarska, V. (2023) ‘R&D expenditure as a determinant of the aggregate innovation
index in the V4 countries’, Innovative Marketing, Vol. 19, No. 2, p.87.

Jang, Y., Ko, Y. and Kim, S.Y. (2016) ‘Cultural correlates of national innovative capacity: a cross-
national analysis of national culture and innovation rates’, Journal of Open Innovation:
Technology, Market, and Complexity, Vol. 2, No. 4, p.23.



292 S. Hamidi and A. Berrado

Jankowska, B., Matysek-Jedrych, A. and Mroczek-Dabrowska, K. (2017) ‘Efficiency of national
innovation systems: Poland and Bulgaria in the context of the global innovation index’,
Comparative Economic Research. Central and Eastern Europe, Vol. 20, No. 3, pp.77-94,
ISSN 2082-6737, De Gruyter, Warsaw, https://doi.org/10.1515/cer-2017-0021.

Jutickova, E., Pilik, M. and Kwarteng, M.A. (2019) ‘Efficiency measurement of national
innovation systems of the European Union countries: DEA model application’, Journal of
International Studies, Vol. 12, No. 4, pp.286—299.

Kale, S. (2022) ‘The influence of non-RandD channels on innovation in a developing economy: an
empirical analysis in the context of India’, International Review of Applied Economics,
Vol. 36, No. 2, pp.205-221.

Kashani, E.S. and Roshani, S. (2019) ‘Evolution of innovation system literature: Intellectual bases
and emerging trends’, Technological Forecasting and Social Change, Vol. 146, pp.68—80.

Khanin, I., Shevchenko, G., Bilozubenko, V. and Korneyev, M. (2022) ‘A cognitive model for
managing the national innovation system parameters based on international comparisons (the
case of the EU countries)’, Problems and Perspectives in Management, Vol. 17, No. 4,
pp.153-162.

Kim, L. (1997) Imitation to Innovation. The Dynamics of Korea's Technological Learning, Harvard
University Press, Boston.

Kitchenham, B. (2004) Procedures for Performing Systematic Reviews, Vol. 33, No. 2004,
pp-1-26, Keele University, Keele, UK.

Kohler, C., Larédo, P. and Rammer, C. (2012) The Impact and Effectiveness of Fiscal Incentives
for R&D, Compendium of Evidence on the Effectiveness of Innovation Policy, MIoIR-
NESTA, Manchester; London.

Kou, M., Chen, K., Wang, S. and Shao, Y. (2016) ‘Measuring efficiencies of multi-period and
multi-division systems associated with DEA: an application to OECD countries’ National
innovation systems’, Expert Systems with Applications, Vol. 46, No. 1, pp.494-510.

Kravchenko, S. (2019) ‘Simulation of the national innovation systems development: a transnational
and coevolution approach’, Virtual Economics, Vol. 2, No. 3, pp.41-54.

Law, S.H. Sarmidi, T. and Goh, L.T. (2020) ‘Impact of innovation on economic growth: evidence
from Malaysia’, Malaysian Journal of Economic Studies, Vol. 57, No. 1, pp.113-132.

LaZznjak, J. (2011) ‘Dimensions of national innovation culture in croatia. Content validity of
Hofstede’s dimensions’, Drustvena Istrazivanja-Casopis Za Opc¢a Drustvena Pitanja, Vol. 20,
No. 114, pp.1015-1038.

Lee, H.S., Chernikov, S.U., Nagy, S. and Degtereva, E.A. (2022) ‘The impact of national culture on
innovation: a comparative analysis between developed and developing nations during the pre-
and post-crisis period 2007-2021°, Social Sciences, Vol. 11, No. 11, p.522.

Lee, J.D. and Park, C. (2006) ‘Research and development linkages in a national innovation system:
Factors affecting success and failure in Korea’, Technovation, Vol. 26, No. 9, pp.1045-1054.

Lee, K. and Lee, J. (2020) ‘National innovation systems, economic complexity, and economic
growth: country panel analysis using the US patent data’, Journal of Evolutionary Economics,
Vol. 30, No. 1, pp.897-928.

Lee, K., Lee, J. and Lee, J. (2021) “Variety of national innovation systems (NIS) and alternative
pathways to growth beyond the middle-income stage: balanced, imbalanced, catching-up, and
trapped NIS’, World Development, Vol. 144, No. 1, p.105472.

Leontitsis, A., Philippas, D., Sickles, R. and Tziogkidis, P., (2018) Evaluating Countries’
Innovation Potential: An International Perspective, Working Papers 18-011, Rice University,
Department of Economics.

Lewandowska, M.S. (2016) ‘Do government policies foster environmental performance of
enterprises from CEE region?’, Comparative Economic Research, Central and Eastern
Europe, Vol. 19, No. 3, pp.45-67.



Data analytics for national innovation research 293

Leydesdorff, L. and Porto-Gomez, 1. (2019) ‘Measuring the expected synergy in Spanish regional
and national systems of innovation’, The Journal of Technology Transfer, Vol. 44, No. 1,
pp.189-209.

Li, X., Wu, T., Zhang, H.J. and Yang, D.Y. (2023) ‘National innovation systems and the
achievement of sustainable development goals: effect of knowledge-based dynamic
capability’, Journal of Innovation and Knowledge, Vol. 8, No. 1, p.100310.

Liu, J. S., Lu, W.M. and Ho, M.H.C. (2015) ‘National characteristics: innovation systems from the
process efficiency perspective’, R&D Management, Vol. 45, No. 4, pp.317-338.

Lu, H., Du, D. and Qin, X. (2022) ‘Assessing the dual innovation capability of national innovation
system: empirical evidence from 65 countries’, Systems, Vol. 10, No. 2, p.23.

Lundvall, B.A. (1985) ‘Product innovation and user-producer interaction’, The Learning Economy
and the Economics of Hope, Vol. 19, No. 1, pp.19-60.

Lundvall, B.A. (1992) ‘National systems of innovation: towards a theory of innovation and
interactive learning’, Research Policy, Vol. 24, No. 2, pp.320-320.

Lundvall, B.A. (1998) ‘Why study national systems of innovations and national styles of
innovation’, Technology Analysis and Strategic Management, Vol. 10, No. 4, pp.407-421.

Lundvall, B.A., Dosi, G. and Freeman, C. (1988) Innovation as an Interactive Process: From
User-Producer Interaction to the National System of Innovation, Vol. 1, Nos. 2-3, pp.10-34.

Lundvall, B.A., Vang, J., Joseph, K.J. and Chaminade, C. (2009) ‘Innovation system research and
developing countries’, Handbook Of Innovation Systems and Developing Countries: Building
Domestic Capabilities in a Global Setting, Vol. 1, No. 1, pp.1-32.

Ma, Z., Wang, L., Zheng, X. and Zhang, J. (2022) ‘National innovation systems and global value
chain participation: the role of entrepreneurship’, The European Journal of Development
Research, Vol. 34, No. 2, pp.897-920.

Mate-Sanchez-Val, M. and Harris, R. (2014) ‘Differential empirical innovation factors for Spain
and the UK’, Research Policy, Vol. 43, No. 2, pp.451-463.

Mazhar, S.A., Anjum, R., Anwar, A.l. and Khan, A.A. (2021) ‘Methods of data collection: a
fundamental tool of research’, Journal of Integrated Community Health (ISSN 2319-9113),
Vol. 10, No. 1, pp.6—-10.

Mehta, S. (2018) ‘National innovation system of India: an empirical analysis’, Millennial Asia,
Vol. 9, No. 2, pp.203-224.

Menna, A., Walsh, P.R. and Ekhtari, H. (2019) ‘Identifying enablers of innovation in developed
economies: a national innovation systems approach’, Journal of Innovation Management,
Vol. 7, No. 1, pp.108-128.

Metcalfe S. (1995) ‘The economic foundations of technology policy: equilibrium and evolutionary
perspectives’, Stoneman P. (Ed.): Handbook of the Economics of Innovation and
Technological Change, Blackwell Publishers, Oxford (UK)/Cambridge (US).

Mohtarami, A. (2017) ‘Investigating the relationship between information technology and
innovation capability of economies: towards a virtual national innovation system’,
International Journal of Technological Learning, Innovation and Development, Vol. 9, No. 3,
pp-230-249.

Molero, J. and Heijs, J. (2002) ‘Differences of innovative behaviour between national and foreign
firms: measuring the impact of foreign firms on national innovation systems’, International
Journal of Entrepreneurship and Innovation Management, Vol. 2, Nos. 2-3, pp.122-145.

Muller, E. and Zenker, A. (2001) ‘Business services as actors of knowledge transformation: the role
of KIBS in regional and national innovation systems’, Research Policy, Vol. 30, No. 9,
pp.1501-1516.

Murswieck, R., Driagan, M., Maftei, M., Ivana, D., and Fortmiiller, A. (2020) ‘A study on the
relationship between cultural dimensions and innovation performance in the European Union
countries’, Applied Economics, Vol. 52, No. 22, pp.2377-2391.



294 S. Hamidi and A. Berrado

Nasierowski, W. (2019) ‘Assessing technical efficiency of innovations in Canada: the global
snapshot’, International Journal of Innovation Management, Vol. 23, No. 3, p.1950025.

Nasierowski, W. and Arcelus, F.J. (2003) ‘On the efficiency of national innovation systems’,
Socio-Economic Planning Sciences, Vol. 37, No. 3, pp.215-234.

Nazemi, K., Burkhardt, D. and Kock, A. (2022) “Visual analytics for technology and innovation
management: an interaction approach for strategic decision making’, Multimedia Tools and
Applications, Vol. 81, No. 11, pp.14803—-14830.

Ndicu, S., Ngui, D. and Barasa, L. (2023) ‘Technological catch-up, innovation, and productivity
analysis of national innovation systems in developing countries in Africa 2010-2018’, Journal
of the Knowledge Economy, Vol. 14, No. 4, pp.1-27.

Nelson R., (1993) National Innovation Systems. A Comparative Analysis, Oxford University Press,
New York/Oxford.

Niosi J., Saviotti P.P., Bellon B. and Crow, M. (1993) ‘National systems of innovations: in search
of a workable concept’, Technology in Society, Vol. 15, No. 3, pp.207-227.

Numminen S. (1996) National Innovation Systems. Pilot Case Study of the Knowledge Distribution
Power of Finland, VTT Group for Technology Studies, Helsinki, Finland.

OECD. (2015) Innovation-Driven Growth in Regions: The Role of Smart Specialisation, OECD
Publishing, OECD iLibrary [online] https://www.oecd-ilibrary.org/.

Ogrean, C. and Herciu, M. (2022) ‘Fostering innovation in Romania. Insights from the smart
specialization strategies’, Stud. Bus. Econ., Vol. 17, No. 1, pp.319-337.

Onea, 1. A. (2020) ‘Innovation indicators and the innovation process-evidence from the European
innovation scoreboard’, Management and Marketing. Challenges for the Knowledge Society,
Vol. 15, No. 4, pp.605-620.

Oturakci, M. (2023) ‘Comprehensive analysis of the global innovation index: statistical and
strategic approach’, Technology Analysis and Strategic Management, Vol. 35, No. 6,
pp.676-688.

Paas, T. and Poltimde, H. (2012) ‘Consistency between innovation indicators and national
innovation performance in the case of small economies’, Eastern Journal of European Studies,
Vol. 3, No. 1, pp.101-121.

Pan, T.W., Hung, S.W. and Lu, W.M. (2010) ‘DEA performance measurement of the national
innovation system in Asia and Europe’, Asia-Pacific Journal of Operational Research,
Vol. 27, No. 3, pp.369-392.

Petraite, M., Mubarak, M.F., Rimantas, R. and Von Zedtwitz, M. (2022) ‘The role of international
networks in upgrading national innovation systems’, Technological Forecasting and Social
Change, Vol. 184, No. 1, p.121873.

Podsakoff, P.M., MacKenzie, S.B., Bachrach, D.G. and Podsakoff, N.P. (2005) ‘The influence of
management journals in the1980s and 1990s’, Strategic Management Journal, Vol. 26, No. 5,
pp-473-488.

Polyakov, M., Khanin, 1., Shevchenko, G., Bilozubenko, V. and Korneyev, M. (2023) ‘Determining
the key factors of the innovation gap between EU countries’, Problems and Perspectives in
Management, Vol. 21, No. 3, pp.316-329.

Porter, M.E. (1990) ‘The competitive advantage of nations’, Harvard Business Review, Vol. 68,
No. 2, pp.73-93.

Qu, Y., Wei, Y., Jiang, T. and Zheng, N. (2017) ‘Linking R&D strategy, national innovation
system and FDI to firm performance’, Journal of Chinese Economic and Business Studies,
Vol. 15, No. 1, pp.41-58.

Ramirrez-Urraya, A., Escandon-Barbosa, D. and Salas, J. (2022) ‘The effect of cultural orientations
(performance and sociality) on country innovation: a trajectories analysis perspective’,
Journal of Science and Technology Policy Management, Vol. 15, No. 1, pp.164-177.



Data analytics for national innovation research 295

Ratner, S.V., Balashova, S.A. and Lychev, A.V. (2022) ‘The efficiency of national innovation
systems in post-soviet countries: DEA-based approach’, Mathematics, Vol. 10, No. 19,
p.3615.

Reiljan, J. and Paltser, I. (2015) ‘The role of innovation policy in the national innovation system:
the case of Estonia’, Trames: A Journal of the Humanities and Social Sciences, Vol. 19, No. 3,
p.249.

Resende, M.F.D.C. and Torres, D.A.R. (2016) ‘National innovation system and external constraint
on growth’, Brazilian Journal of Political Economy, Vol. 36, No. 4, pp.748-768.

Ribeiro, L.C., Ruiz, R.M. and Bernardes, A.T. (2010) ‘Modeling economic growth fuelled by
science and technology’, Estudos Econémicos (Sdo Paulo), Vol. 40, pp.319-340.

Rigby, J. and Ramlogan, R. (2013) ‘The impact of effectiveness of entrepreneurship policy’,
Compendium of Evidence on the Effectiveness of Innovation Policy, MIoIR-NESTA,
Manchester; London.

Rodriguez, V. and Soeparwata, A. (2012) ‘ASEAN benchmarking in terms of science, technology,
and innovation from 1999 to 2009°, Scientometrics, Vol. 92, No. 3, pp.549-573.

Rubio, Lépez. P., Roig.Tierno, N. and Mas.Verdi, F. (2022) ‘Context matters: a global
bibliometric review of regional innovation systems’, International Journal of Technology,
Policy and Management, Vol. 22, No. 3, pp.247-270.

Saad, M., Guermat, C. and Brodie, L. (2015) ‘National innovation and knowledge performance:
The role of higher education teaching and training’, Studies in Higher Education, Vol. 40,
No. 7, pp.1194-1209.

Sabry, M.I. (2019) ‘Fostering innovation under institutional deficiencies: formal state—business
consultation or cronyism?’, Economia Politica, Vol. 36, No. 1, pp.79—-110.

Salas-Paramo, J., Escandon-Barbosa, D. and Ramirez-Urraya, A. (2022) ‘Drivers of creation
trajectories innovation in the time: another alternative for Hofstede model in the cross-national
analysis’, International Journal of Innovation Science, Vol. 15, No. 4, pp.598-610.

Santos, J.B. (2020) ‘Knowledge-intensive business services and innovation performance in Brazil’,
Innovation and Management Review, Vol. 17, No. 1, pp.58-74.

Sesay, B., Yulin, Z. and Wang, F. (2018) ‘Does the national innovation system spur economic
growth in Brazil, Russia, India, China and South Africa economies? Evidence from panel
data’, South African Journal of Economic and Management Sciences, Vol. 21, No. 1, pp.1-12.

Singh, P. and Siddiqui, A.A. (2023) ‘Innovation, ICT penetration, trade and economic growth in
developing and developed countries: a VECM approach’, Competitiveness Review: An
International Business Journal, Vol. 33, No. 2, pp.395-418.

Singh, V.K., Singh, P. and Karmakar, M. (2021) ‘The journal coverage of Web of Science, Scopus
and Dimensions: a comparative analysis’, Scientometrics, Vol. 126, pp.5113-5142,
https://doi.org/10.1007/s11192-021-03948-5.

Sohn, S.Y., Kim, D.H. and Jeon, S.Y. (2016) ‘Re-evaluation of global innovation index based on a
structural equation model’, Technology Analysis and Strategic Management, Vol. 28, No. 4,
pp-492-505.

Sun, Y. and Negishi, M. (2010) ‘Measuring the relationships among university, industry and other
sectors in Japan’s national innovation system: a comparison of new approaches with mutual
information indicators’, Scientometrics, Vol. 82, No. 3, pp.677—685.

Suseno, Y., Standing, C., Kiani-Mavi, R. and Jackson, P. (2020) ‘National innovation performance:
the role of human capital and social capital’, Innovation: The European Journal of Social
Science Research, Vol. 33, No. 3, pp.296-310.

Suzuki, J., Tsukada, N. and Goto, A. (2015) ‘Role of public research institutes in Japan’s national
innovation system: case study of AIST, RIKEN, and JAXA’, Science, Technology and
Society, Vol. 20, No. 2, pp.133-160.



296 S. Hamidi and A. Berrado

Swiadek, A., Dzikowski, P., Goraczkowska, J. and Tomaszewski, M. (2022) ‘The national
innovation system in a catching-up country: empirical evidence based on micro data of a
Triple Helix in Poland’, Oeconomia Copernicana, Vol. 13, No. 2, pp.511-540.

Tekic, A., and Tekic, Z. (2021) ‘Culture as antecedent of national innovation performance:
Evidence from neo-configurational perspective’, Journal of Business Research, Vol. 125,
No. C, pp.385-396.

Thangavelu, S., Gunasekar, S. and Jyotishi, A. (2022) ‘Feedback effects of economic growth on
innovation: a country-level empirical study’, Journal of Science and Technology Policy
Management, Vol. 13, No. 1, pp.22—42.

Tidd, J., Driver, C. and Saunders, P. (1996) ‘Linking technological, market and financial indicators
of innovation’, Economics of Innovation and New Technology, Vol. 4, No. 3, pp.155-172.

Tiutiunyk, 1. V., Zolkover, A., Maslov, V., Vynnychenko, N. V., Beshley, Y. and Kovalenko, O.
(2020) ‘Indices of innovation activity as components of macroeconomic stability assessment:
how does the shadowing of investment flows affect?’, Marketing and Management of
Innovations, Vol. 27, No. 4, pp.26—40.

Tokar, V.V. (2021) ‘The interplay between venture investing and innovation competitiveness of
EU member-states’, sacnosnuk i suoaseys: ynigepcumem imeni anoppeda nobens, Vol. 54,
No. 1, pp.77-124.

Usman, K., Liu, Z., Hameed, Z., Bi, S., and Wu, S. (2015) ‘Examining the national innovation
capacity and economic growth of Pakistan, India, and Sri Lanka: a comparative study’,
International Journal of Technological Learning, Innovation and Development, Vol. 7, No. 4,
pp-303-317.

Usman, K., Zhiying, L., Huayan, S., Xin, J. and Yujia, J. (2022) ‘The study of innovation and
absorptive capacity of BRICS countries by using multiple regression analysis’, International
Journal of Innovation, Vol. 10, No. 1, pp.118-151.

Vassakis, K., Petrakis, E., and Kopanakis, I. (2018) ‘Big data analytics: applications, prospects, and
challenges’, Mobile Big Data: a Roadmap from Models to Technologies, Vol. 10, No. 3,
pp-3-20.

Vetsikas, A. (2023) ‘Assessing the performance of national innovation systems with a helix-based
composite indicator: evidence from 24 European Countries’, Eastern European Economics,
Vol. 62, No. 1, pp.18—49.

Vokoun, M. and Dvoulety, O. (2022) ‘International, national and sectoral determinants of
innovation: evolutionary perspective from the Czech, German, Hungarian and Slovak
community innovation survey data’, Innovation: The European Journal of Social Science
Research, Vol. 36, No. 5, pp.1-41.

Volchik, V., Maslyukova, E., and Strielkowski, W. (2023) ‘Perception of Scientific and Social
Values in the Sustainable Development of National Innovation Systems’, Social Sciences,
12(4), 215.

Wilson, K. and Vellinga, N. (2022) ‘Natural resource dependence and innovation efficiency
reconsidered’, Resources Policy, Vol. 77, No. 1, p.102684.

Wirkierman, A.L., Ciarli, T. and Savona, M. (2023) ‘A taxonomy of European innovation clubs’,
Economia Politica, Vol. 40, No. 1, pp.1-34.

Wiseman, A.W. and Anderson, E. (2012) ‘ICT-integrated education and national innovation
systems in the Gulf Cooperation Council (GCC) countries’, Computers and Education,
Vol. 59, No. 2, pp.607-618.

Wu, L., Hitt, L. and Lou, B. (2020) ‘Data analytics, innovation, and firm productivity’,
Management Science, Vol. 66, No. 5, pp.2017-2039.

Wuest, T., Weimer, D., Irgens, C. and Thoben, K.D. (2016) ‘Machine learning in manufacturing:
advantages, challenges, and applications’, Production and Manufacturing Research, Vol. 4,
No. 1, pp.23-45.



Data analytics for national innovation research 297

Xiong, F., Zang, L. and Gao, Y. (2022) ‘Internet penetration as national innovation capacity:
worldwide evidence on the impact of ICTs on innovation development’, Information
Technology for Development, Vol. 28, No. 1, pp.39-55.

Yu, T.H.K. and Huarng, K.H. (2023) ‘Configural analysis of GII’s internal structure’, Journal of
Business Research, Vol. 154, No. C, p.113323.

Zabala-Iturriagagoitia, J.M., Aparicio, J., Ortiz, L., Carayannis, E.G. and Grigoroudis, E. (2021)
‘The productivity of national innovation systems in Europe: catching up or falling behind?’,
Technovation, Vol. 102, No. C, p.102215.

Zang, L., Xiong, F., Lao, X. and Gao, Y. (2019) ‘Does governance efficiency matter for national
innovative capacity? One tale from different countries’, Technology Analysis and Strategic
Management, Vol. 31, No. 2, pp.239-252.

Zofio, J.L., Aparicio, J., Barbero, J. and Zabala-Iturriagagoitia, J.M. (2023) ‘The influence of
bottlenecks on innovation systems performance: put the slowest climber first’, Technological
Forecasting and Social Change, Vol. 193, p.122607.

Zupan, B., Pustovrh, A. and Cankar, S. S. (2017) ‘Does decentralized governance lead to less
scientific output? A fuzzy set analysis of fiscal decentralization and determinants of national
innovation capacity’, Lex Localis, Vol. 15, No. 3, pp.647—668.

Zygiaris, S. (2022) ‘The impact of innovation systems on e-commerce capacity’, Journal of the
Knowledge Economy, Vol. 13, No. 1, pp.276-289.



S. Hamidi and A. Berrado

298

Appendix 1

teria

woncri

The list of research articles meeting the select

npajds.aatu)

[r1dinna Awonarregoirt £ unredy g AM1Hge0d 0JOHRINOHOMS ILOOHHUITeEOHHT KHHedA£oHIOd] ] INOISNAINIA

‘[& 30 A0IeyOUOH oYoy>LULL 0YOUPUOISIDN YAuSi 1a0ynN £20T TVHOTO V NI LNHNJOTIAHA DINONODH SHANIVINN 40 NOLLY AONNI HHL ONILSVOHIOd 91
Koamg

“T& 10 BYSOSIT Awouodz a8pajmouy ayi fo jpuinop €707 uoneAOUUI AJIUNWILIOD 3y JO S3SUS] Y Y3noiy) swsAs NOLLY AONNI [euoneu ueadoing oy Jo Ma1A10A0 pajood y S1
810T-010T Bogv ut

‘Te 30 NOIPN. Awouodsy 23pajmouy i) Jo (punop €207 semuno)) SurdooAap ur Sw)SAS uoneAOUUl [eUONEU JO SisA[eue Ajianonpoid pue ‘uonesouur ‘dn-yoje)) esrSo[ouyod], Fal
Anpiqedes onreukp

eI a8pajmouyy puv uoypaouuy o (puinor €20T Paseq-a3pamouy Jo 103J4 :S[e03 JUAWdO[IASP J[RUILISNS JO JUSWIASIYIR S} PUB SWIISAS UOBAOUUI [BUOTIEN €1

(11D) xaopuj uoneAOUU]
‘Te 10 oreg diys.anaua.da.pug puv uoyvaouuy fo jpuinop €202 [eqo1D oy Suisn sisK[eue dAneIRdWOd ANUNOI-SSOI0 PISEQ-OWOIUI UB :20UBWIOJISd UOHBAOUUT JO SJUBUTULINOP Y, 71
Sureny pue ng Y025y ssauisng fo [puinof €20T QINONNS [BUINUI S, [[D JO SIsA[eue [eInSyuo) 1
sis[eue

‘[e 10 oweIe-Se[eS 20ua1dg [ Jo [punop [puonvuiIUy 7202 [BUOIIBU-SSOIO 3y} Ul [9POW IPAISJOH 10] JANBUIdE IOYJOUE :OWT) Y] U UOHBAOUUI $3110J03[E1) UOTIEID JO SIOALI] 01

1e[3el) pue uipag 20UDIDS UODAOUU] JO [DUANOL |DUOHDUIIU] €202 SALIUN0d (IDHO JO JUWAINSLIW Paseq-yH( € :AOUIOYJO UOIBAOUUI [BUONEN 6

BYSIEZ PUE PAOUBA] Sunoywpy aaypaouuy €20T SOLIUNOD A dY} Ul Xopul uonesouur d)eSorSSe oy} Jo JueUILLILP © st axmipuadxs g3y 8

dJued[eALR)) BISOD) M2IADY JUDWDTVUDJ PUD UODAOUU] 20T ({P3200ns 0] dYB) J1 S0P 1BYM :SJUBUIULIAOP S)I pue doueuriofiad uoneaouuy L

Pl10M 31 JO SALNUNO Juatdioar

bey MIINDY app.A] U12.40,] €20T 14 15931R] 9y} WOLJ 30UIPIAI SWAISASOI3 UOLBAOUUL [RUOHRU A1) U0 Aj1oedes uondiosqe s pue |4 Jo 1oedwy 9

‘Te 391 axodwoq sa1U10U025 €207 aAnoadsiad [eqo[3 € uswAojdwa-§[as puL YUSUNSIAUL JOIIP UTIAIOf ‘YIMOIT JIWOU0IS UO UoneAOUU! JO Jordwr oy | S

T8 10 UBWLIODII AN DOUIIOF DIUOUOIT €202 sqno uonesouur ueadoing jo Awouoxe) +
satyuno)) ueadoingg

SBYISIOA $21U0U0DT UD2AOANT UAISDT €202 7 WOIJ 90UDPIAD :101BIIpUl )1S0dW0d PIseq-X1[aY © [IIm SWIISAS UOHBAOUUL [BUONEU JO doukuLI0pad ) SuIssassy €

mbippig pue ySurg Ma112Y ssaudanIaduIo) €70T yoeordde NDTA ® :so1unod padofoasp pue urdojoadp ur amoId orwouoss pue open ‘uonensuad D] ‘uonesouu] z

Ye[ozID) pue yerom( 4210252y d110U0d7 2a13D.0dUI0)) €20T uotun ueadoIng ay) ul Swa)sAs uoneaouur [euoneu jo ded uoneaouur Ay, 1

suoymy [punop D2 apy 4advg wnpn




299

Data analytics for national innovation research

teria (continued)

on cri

The list of research articles meeting the select

sueiSAyz Awouossg a3pajmoiy ay fo [puinop 7202 Kyoedes 9210WM00-0 U0 SWOISAS uoneAouul Jo Joedwr oy, €€
e JUIWISPUDIA aAnoadsiod
12 eARLIN-ZOLITWEY 1104 A30jouy2a ] pun 2oua1>8 o (puinor 20T SISAJeUR S3110303(e1) © :UOHBAOUUI AJUNOD UO (AJI[BIO0S PUB 20UBULIJId) SUONBIUILIO [BINI[ND JO JOJJD SY L 43
JUWISVUDIN
‘[e 30 njoAeSuey ], Ad1104 A30j0uYy23 ] puv 20ua158 o [puUNOL 20T Apmys [eouirdwo [9A9]-ANUNOD € {UOHBAOUUL UO [IMOIS JILIOUO0I JO S)OAJJ0 NOrqpad| 1€
Axapdwo) pup
Jied pue oyd Goyvpy ‘ABojouyda ] uoyvaouu] uadQ fo puinor 70T uoneAOUUI JO SWR)SAS [euoljeu 0) xapur ssauuado Suikjdde Aq aanoadsiad swajsAs uoneaouur [eqol3 ay) Suurojdxyg 0€
eIpup
ey so1u0u027 panddy fo Ma142y [pUOIDUIIU] 70T JO 1x01u00 ay) ur sisAjeue [eondwe ue :Awouood SurdojoAdp € Ul UONBAOUUL UO S[QUUBYD (J293-UOU JO 99UIN[JUI Y, 6T
‘e 10 uews UODAOUUT J() [PUNOL [PUODUIIIUT 20T sisAJeue uoissaior ojdyjnu Sursn £q somunos SO Jo Aroedeo oandiosqe pue uoneaouur Jo Apnys Ay, 8T
£Rmoaq Y2125y 22UIIIS B1Ep A9AINS UOTIEAOUUT AJIUNUIWIOD JBAO[S PUE UBLIESUNE]
puE UNONOA p1208 f0 [punof uradoanzy ayJ uoypaouUy 20T ‘UBWILION) “YO9Z)) A1) WOIJ 9AN0adsIod ATeUOTIN[OAS (UONBAOUUI JO SJUBUIULIDIGP [EI0}00S PUE [BUOTIEU ‘[EUOTRUISIU] LT
‘e 10 Sidsg M1ADY JUIWISDUDIY PUD UOTIDAOUUT 20T SISAJeue [BUOISUSWIPI[NW B {UOTJEAOUUI PUE 2IN}[ND [EUOTIEN] 9z
juowdojoasp

‘Te 10 Suory Juauidoaaa(g 4of {3ojouysa] uonvuLIofuy 20T uoneAOUUT U0 ST, JO 1oedwI oY) UO 9OUSPIAS APIMPIoM :AJ1oedes ToneAoUUl [eUOTEY St uonenouad joutoju] ST
RCEERIT Yo.upasay Juaudojaaa(] fo (puinop unado.any 7202 diysamouaidonua jo ojoi1 oy :uonedonied ureyo onfea [8qo[3 pue SWA)SAS UOIJEAOUUT [BUOIEN T
eI JudWIPUDPY 213210015 pup SISAIpul L30j0uY2a ] €20T yoeoxdde o15aens pue [eonsne)s :xapur uoneaouur [qo[S Y Jo sisk[eue darsudyaidwo)) €T
‘Te 10 ojoz a8uny)) [p120§ pub SuiIsp22.10,] [PI130]0UYII ] €20T 1SIIJ 10QUIT[O ISOMOS A} N :99ULULI0fIad SWAISAS UOTEAOUUT UO SYIIUD[110q JO AOUSN[JUI AT, w

BIIAI[Q-SU0§ PI20Q2109s UoTEAOUUT UBIAOING 9Y) UO PUE XOPUI UOTIBAOUUL
-ny pue oyunnoy) (pupjz)1M8) A1j1qLUIDISHS €70T 12q0[3 oY) uo paseq sisA[eue daneIedwod A1UN0S-5SOI € [eSmIod ul sduewiIofiad uoneAOUUT SUIOUSN[JUI S10J0E,] 1T
D{es)lI( pue Desjq (pupliaz11Mg) A1j1qLUIDISHS €20T saLuNod *N°g 9y Jo Apnys uoneIsayuros joued e :uoneAouur uo saxmipuadxo WY 0z
“Te 32 YIYD[OA §20U1IG [P120S €20T SWa)SAS UOTBAOUUI [RUOTIRU JO JUaWdO[oAdp [qRUIRISNS ) UI SIN[BA [RIOOS PUR OLJIUSIOS JO uondaoiog 61
Ques[eAr) DOIGN OVIDAISIUIUPY 2P DISINDY €20T ‘sisA[eue oAneredwod v ;oouetiIo)iod uoneAouur 109JJe UonensIuIwpe pue sonrjod o 81
‘e 10 AOYeA[Og JUDWASDUDPY Ul S2AIAAS.1dJ pup SWA|QOA] £20T SaLUN0d (7 udaM1dq ded uoneaouur ay) Jo s1030e] A3 Ay FururuIN L1
sioyny [punop WUz a1 dadp g wnN




S. Hamidi and A. Berrado

300

teria (continued)

on cri

The list of research articles meeting the select

‘Te 10 suanysnefipuy sa1u0U027 120T aanoadsiad uorup) ueadoing :yromowely Aroedeo saneaouur feuoneu oty Surdooadpay 0S
1eyo], Ma142Yy Awapvoy 1202 S91BIS-IOqUIAW N7 JO $SOUANNAWO0 uoneAOUU pue UNSOAUI JINUAA usamIaq Aediayur oy, 6f
poyaw IO 2y yum yoeosdde [euoneindyuod
‘T 10 njunInzig uopaoUYII | 20T ® :Kyjqedes uoneAouUl [RUONBU UO SINJONNS [EUONMIISUI JO JoRdWI OMUBUAD PUE SWA)SAS UOTRAOUUI [RUOTIEN St
Kyoedes
‘Te 19 Suny) uoyvAOUYI] 720z 2andiosqe jo ojo1 Suneropour oy :£oed1jye uoneaouur pue diysmouardonus yoal-ysiy jo diysuonerar ayy SuneSnsaauy Ly
ASojopoyowr
Te 10 uDEIAY A121208 U1 A30j0uyda ] 20T BLIJLIO-NNW SOIM LVA-VAC BIA SILHUNOD d)BPIPUBD PUB IOQUIAW ()7 JO JUSWSSISSE AOUIIIIIJO UONBAOUUI [EQO[D) 9%
JuWIPUDIN
sed 2132)0.4)§ pup sisppuy L3ojouysa 20T sA[eue ueisakeq Anunod 9g e :SSOUIAIIBAOUUI [BUONEU JO SJUBUIULINNOP [BIN)[ND) St
28upy)
‘[8 19 Aendd P120S pun Zu1isno2.40,] [PI130]0UYI3 ] 20T Sw)sAS uoneAouul [euoneu urpeiddn ur SYI0MIOU [BUONBUINUI JO 9]0 A ], 4
28upy)
nx pue Sureny P120S pun Zu1isno2.40,] [PI130]0UYI3 ] 20T uoneIoosse dAne)fenb [emjonns Aq xopur uoneaouur [eqo[3 Jo sisA[euy (3%
‘Teong swaysAg 7202 SOLIUNOD G9 WOI} 90USPIAD [eoLiduo (wa)sAs uoneAouur [euoneu Jo Ajiqedes uoneAouUl [enp oY) FUISSASSy w
sisATeue Surjeos [euoisuawpninw Aq jonpoid
‘Te 10 Jnngg (puni2z110Ag) A11j1GDUIDISHS 7202 o1sowop sso13 pue sooueuLIofIod UonEAOUUI-([29Y ‘Surties] SUojoyI ,SALIUN0d AepIpuLd pue /z-q Jo uonesnsoAuy 182
‘& 19 ©SOQIeg-UOPUBISH (puvliz11mg) Apijigouiisng 20T {PAVISIADI SUOTSUSWIIP [BIN[NO 9PA)SJOH :90uetLI0}Idd UonEAOUUI AIUNOD UO SUONBIUSLIO [RIM[NO JO 10391J9 YL, ov
NIoIdH pue uearSo SOIUUIOUODT puD SSAUISNG U1 SAIPNIS 20T so13ojens uonesiferoads Jrews ay) wWoIy sIYSISUIT "BIUBWOY U UOHRAOUUT FULIAISO,] 6€
1202-L00T POMIdJ SISLID-1SOJ pue-did ot} SuLinp
‘810097 $20U1IG [P120S [44\Y4 suoneu Surdojoasp pue pado[oadp usamiaq sisAeue saneIedwos B {UOBAOUUI UO dIM[NO [BUOTIRU JO Jordwl oY ], S€
‘Te 10 yerom sysny 7202 soLuNod uorun ueadoIny oy ur SWoIsAs uoneAOUU! [EUONEU JO uosiredwoy) L€
eSUI[OA PUE UOS[TA\ 104 sa0.unosay 20T PAI9PISU00aT AOUSIOJS UOIBAOUUT PUE d0udapuadap 90In0sal [eImeN 9¢
Pue[Od
T8 10 Yopeimg pupd1LI2d0)) DIUIOUOII() 20T ur x1j97 9]d11) € JO BJEp OIOIW U0 PAseq dOUAPIAD [edlnduwd :Anunod dn-Juryoies e ul wosAs UoneAOUUT [eUOTeU oY T, <3
‘[e 30 Joujey SouDWAYIDIY 20T yoeoxdde paseq-yH(J :SOLIUNOD 101A08-350d UI SWISISAS UOIIBAOUUI [RUOTIEU JO ADUSIONID YL, €
saoymy [puinor D2 oy dadng wnN




301

Data analytics for national innovation research

teria (continued)

on cri

The list of research articles meeting the select

Anoy pue ‘maddiig 1104 Y2052y 020T QouBWLIOIAd UOHBAOUUL [BUOIIBU PUE ‘[[IYS PUB 9FPIjmouy] JO AJISIDAIP oY) ‘Uone[ngal josIew Inoqe| 0L
‘& 10 PAOSOIUTE] Ajiadso.q uoyvaouur GuyonQy 0202 SOLIUNOD OT)[eq PUE PEISISIA Y JO ASED Y, (UOIIBAOUUI SO0 JUSUISIAUI J02IIP USIAI0J SA0(] 69
{109]J® SMO]J JUSUIISIAUL

‘Te 32 yAunnnr, SUONDAOUU] J) IUDWDSDUDI PUD SULIDYADIAT 020T JO SUIMOPRYS dY) S0P MOY :JUSWISSISSE AJI[IqR)S OIUOU0II0IdBW JO sjuauoduwod se AIAIIOR UOTBAOUUL JO SIIIPU] 89

BoUQ Sunayopy puv juswaIvunpy 0202 PI20Q0I09s UonEAOUUT UBddOING 9} WOIJ dOUIPIAR-§S3001d UOTIEAOUUI A1) PUE SIO)EOIPUT UOTIEAOUU] L9

‘Te 1o me S21pNIS J1UUOUODT JO [DUNOL UDISADIDI 0202 BISAR[R\| WOLJ 9OUSPIAS :YIMOIF JIWOUOIS UO UOBAOUUI JO Jordy 99

9977 pue 9] $o1U0U0dT LipUoNNjOAT JO [DUINOL 020z erepjuded gn oy Susn sisKfeue [oued ANunod :1moIs d1wou0dd pue ‘Axa[duwod dIOU0dd ‘SWISAS UOIBAOUUI [BUOHEN <9

Y2.4D252Y 201G

‘Te 10 oudsng p1208 fo [punos uvado.anyg ay [ ‘uoyDAOUU] 0202 [endeo [eroos pue [ejides uewny o o[0I oY) :00ULWIOJIAd UOHEAOUUT [EUOTIEN $9

sojues MD1ADY JUWIIVUDIN pUD UOHDAOUUT 0202 [1Ze1g Ul 90UBWLIOJIdd UOTJEAOUUT PUE SIOTAISS SSAUISNQ OAISUIUI-FPIA[MOU] €9

BURYIG Juawdojaaa(q pup uoyvaouUy 00T SALIUNOD /¢ sso1oe Apmys [eoLidwid uy ¢(BoLJY Ueleyes-qns ul uoneaouur ajowold Ajenb soueurorod ssoq 79

0UdZ puUE YeIeuly juawdo]aaa(y pun uoyvaouuy 0202 sonbruto9) UOIEOIJISSL[O SUTUIES] SUIYORW UO PAseq SWAISAS UOHBAOUUT [EUOTEU 10J [opotl dAneIedwioo mou 19

‘Te 19 [ezpy uoypaouuy 0202 UOTESNSIAUI [eOLIIAWS UE :SIIWOU0I PIOUBAPE UI UONBIID 33pajmowy] pue Ajioedes sanesouur [euoneN 09

ado.ng ui21svy
yeromq PUD [DAJUD)~YD2ADISIY dMUOUODTT 2aypvduio) 00T uorun ueadoinyg oy pue Kwouoss ystjod ayy usamiaq ded uonesouur oy, 6S
‘& 10 JoaIMSINA] sonuouody paijddy 0202 saLuNod uoru) ueadoIng oY) Ul 0ULWIIOJIOd UONEAOUUT PUE SUOISUSWIP [RIN N0 Uoam1aq diysuone[or oy uo Apnis 8S
SIN padden pue ‘dn-Suryores ‘paouerequur ‘paouereq
‘T8 19 997 Juawdojaaa(y pliopm 120T :08e)s QWOodUI-I[ppIU ) Puokaq Yimois 0y skemyped dAneuId) e pue (SIN) SWLISAS UOT)BAOUUI [BUOTIRU JO AJQLIBA LS
‘[e 19 o10q1eg uonDAOUYII ] 120T UOIBAOUUI UO 9[BIS 0) SUINJAI SUISBIIOIP JO QOUBAD[I AU} UQ (,10119q SABM[E dI0W S| 9¢
e

enlogegeLLn)[-e[eqez uoyrAOUYI3 | 1202 (puIyaq uryrey 10 dn uryoyes :adoing ur swIsAs uoneAouul [euoneu jo Ayranonpoid ayy, SS
eSIoWeH

pue ezsn(-exsurjorg Aupiqouiisng 120T uoneoyipou 10§ uonisodoid-preoqaroos uoneaouur ueadony oy Sunenoyes 10§ A30[opoydy ¥S

Jouuo),Q pue ngq SONUOUOIT SSAUISNG []DULS 120 109739 WAISAS UOTBAOUUI ONIST[OY € St AITxa[dw0d J1wou09s Jururwexsy €S

qeneuy duys.naua.da.juz pup uoypaouuy o [puinor 1207 s1sA[eue Juowdo[oAUD BIED YI0MIOU PaJOSIIOd-SBIQ UO PIseq SWAISAS UOIIBAOUUI [EUONEU S, SO JO Uonen[eAd Aoualoyyq s

ODJOL, PUB OIYI ], Y0.1pasY SSauIsng Jo [puinop 1202 aAnoadsiad [euonemMSIJu09-00U WOIJ 99USPIAS :90UBTLIOJIad UOIZAOUUT [EUOTIEU JO JUSPIOSIUE SB I[N IS

saoymy Jouinop FUZY e apy aadvg wnn




S. Hamidi and A. Berrado

302

teria (continued)

on cri

The list of research articles meeting the select

‘Te 10 3sibpy uoneN[eAY [oI8aSIY 810C ({PAME[J PIEOGDI0OS UOTU() UOHBAOUU] JY) JO I0JRIIPUI dNAYIUAS A1) ST :90ueuLIofiod uonesouur jo Suruesw ay) uQ 88

BIYIIN RISY [RIUUS[[IA 810C sisAeue [eoLIdWo UB :BIPU] JO WISAS UOHBAOUUI [BUONEN L8

[odo)) pue gAouBA| ssouaAnnadwo)) Jo [euInop 8102 SOLUNOD  peISasiA Ay} Jo ssouaAnnadwoo o) uo doueuoiod uoneAouut Jo joedur oy, 98

Qonoeld puy A109y],
Te 10 eplen JO SwW[qoIJ-ANIAIOY JIPAI) pUY [eloueul]  810T QuIen() pue puejod ‘N I0J [0NU0D PuE SISA[EUY ;,9010] SUIALIP ST UONBAOUUT SI0(] S8
ONUIYOARIY SOIWOUOOH [BNIIA 610T yoeoidde uonnjoa200 pue [euoneusuen e Judwdo[oAdp SwISAS UOIBAOUUI [RUOIIEU Y} JO UOHB[NWIS 8
Juowageury
‘[e 30 Suez s1391eng pue sis[euy ASojouyds, 6102 SOLIUNOD JUSIYJIP WOLJ de) duQ (Aoedes dArEAOUUT [RUOKEU 10] Jo)eW AJUIIONLJO dOURUISAOS S90(] €8
‘[e 30 O[[L1) Ko1104 yoreasay 610T swoIsAs uoneaouur jeuorjeu ueadony ur Ayijeuryinbe pue £10u0F01010H ()€ € UIys 0} Aem duo A[uQ 8
(saunod Ng ayy

‘e 10 urueyy| JUOWOTRUBIA UT SOAOAdSIog pUE SWO[QOI]  7ZOT  JO dsed oY) suosLeduiod [RUONEUIoNUT U0 Paskq s1ojourered wojsAs uoneaouur [euoleu oY) Suieuew 10§ [opoul 9ANIUS00 18
epuon

pue Ajsaowepy QIOUOYH BYONI[OJ 6102 SOLIUNOD ()] PAIOS[AS PUE BIYEAO[S JO SWIAISAS UOEAOUUT [RUOTEU JO AOUSIOIIIO UI SOOUSIOIII(] 08

ZOWO0N-0110J

PUe JJI0psOpAdT 19)sue1], A0[ouyda], Jo [ewInof 610T uoneAOUUl JO SWA)SAS [euoneu pue [euordar ysiuedg ur A310uAs pajoadxs ay) JuLmseay 6L

‘[B 39 BAOYQUINS SAIPN)S [BUOBUIOIU] JO [BUINO[ 610T uoneorjdde [ppowr yH( :s21uNn0d uotun) uedadony ay) Jo SWIISAS UOHBAOUUI [EUONBU JO JUSWIAINSEIW AOUSIOJH 8L

‘Te 10 BUUSIA. JUOWOFLUBA] UOTIEAOUU] JO [RUINO[ 6102 yoeordde swo)sAs UONEAOUUT [EUOIIEU € SOIOU099 PAdO[oAdp U UOHEAOUUT JO SIO[qeud SurkJuopy LL

juowdo[oAd(] pue uoneAoUu] ‘SuruIed |
qegeuly [e0130[0UYI ], JO [RUINO[ [BUOTIEUIDIU] 6102 sonbruto9) Surures] sunjoRW UO Paseq SWASAS UOTJRAOUUT [RUOTIEU SO JO UosLiediod [eImonns orureuk(q 9L
JuowdSeuey

D[SMOIAISEN UOTIEAOUU] JO [EUINO[ [RUOTIBUINU] 6102 joysdeus [eqo3 oy :epeUL)) Ul SUOHRAOUUI JO AQUSIONJ [BOTUT0d) SUISSASSY SL
[eysfarg

PUE UOSIOPUY SOIIIOU0OT 6102 sisAJeue Juowdo]oAUD BIEP B 1S9JE)S JqUISW ()7 Suowe uoneAouul Jo ASUSIONJd UOISNIFI vL

A1qeg VOILI'TOd VINONODA 610T (WSIAUOIO 10 UOTB)NSUOD SSOUISNQ-I)e)S [RULIOJ :SOIOUIIOIOP [BUOTINITISUI IOPUN UOTJRAOUUT SULINSO €L

e 10 [ezry MIIAY ssouaAnnadwo)) 6102 S0-NVASY ut ssouoannodwos jo (Nd) [opowr puouwrerp s 1o31o0d Sursn (SIN) WISAS uoneAOUUI [BUONEU SUIPULISIOPUN] w

SOIWIOU00F
‘e 10 oyueqeg PUE SSOUISNE UO SUONOBSURI], SYHS A 0202 uonesI[eqo]3 Jo 1X21U0d JY) UI BUIY) UI Juawdo[oAdp UONBAOUUT AT T, 1L
sioyny [puinop AP oy dadng wnpn




303

Data analytics for national innovation research

[

3

S OISIUOI(] PUE BIIOLID,{ Y0252y Ssauisng fo [puinos 9102 uorun) ueadoing 10§ yoeoidde 10s-Azzny 7 (SINSAI UOIEAOUUI POOS I0J SUONIPUOD A} AIE JBYA €01

m odsax) pue odsar) Y0452y ssauisng fo puinof 910T sisAJeue 10s-AzznJ e yiim SUD[UBI JO aN[EA JIN[OSQE oY) PU0Adq SUIAOJA :XpUI UOHBAOUUI [BQO[D) 701
= 113

oyseIq uoyvaouuy pun

/IﬂOW pUE NOSANQTY duys.anoua.da.puz fo [puinop puonpuiIl 910 soLunod ueadoIngy pajoaes ur Aroedes aATiEAOUUT [RUOTEU PUE AJIANOR [eLmauaidonuy 101
S 201004 Ayoedes aandiosqe A3oj0ur]o9)

N ‘e 10 Iyelg pup 21104 ‘TUU2SOUDPY :UODAOUU] 910T pue 93pa[mouy| Jo 9]01 FUNBIPIJA :90URWULIOJIId SAIBAOUUI [BUOTRU Y} UO SIINJONNSBIUI UONBAOUUL UOWWOD JO Jorduw] 001
e SWIR)SAS UOTIEAOUUT [EUOTIEU

N ‘Te 10 noYy| suonpiyddy yim swajsas 1adxsy 9107 . SeLyunod gHHO 03 uonestdde uy 1yHQ YPIM PAIRIOOSSE SWA)SAS UOISIAIP-N[NW pue poLidd-Ninu Jo s310UIdLFd JuLnses|y 66
© BYSMOPUBMIT 2.4D2SIY D1UIOUOFT 2A1DADAIO, (uo13a1 g woly sosudIous Jo oouetLIofIod [JUSUIUOIIATD 10)s0§ satorjod JuetuIon0d o

< P[smop Y 0 9102 Guot D Wwoyy sast J J1ad | L ) Sadl] 86
&) Ayoede)) uoneAouuy [eUOHEN] JO SIUBUIULIANR

= ‘Te 10 uednyz s1p20T X2 L102 PUE UONIESI[EIUI(T [BIST] JO SIsA[euy 10§ Azzn] v ;indinQ oYnudIdg sso 0) Ped] 90UBUIOAOL) PISI[ENUIIA( S20(] L6
Q

) SOUE[IABD) Juawdojaaa(y d1uouodq

M pue Zopupuid PUD 2pv.AJ [PUOYDUAIIU] JO [DUINOL L10T 10pENOY WOIJ dOUIPIAD :SWA)sAS uoneasouur Jursrows ur Juntodu-Aq-Suruiesa| 96

sa1pnig

W ‘Te 1o nd SS2UISNG PUD J1UOUODF dSaUNY) JO [pUNOL 10T dourwiio)iad wLly 01 [ PUB WSAS uoneaouur [euoneu ‘A391ens Y Sunjuly $6
50 JuUWISOUD

= emeSnn,g A8ojouysa] Jo (puinop puoypuULIU] L10T uede[ ul WI0JOI WOISAS UOHBAOUUI [RUOTIBU dU) 910Joq JOAO[[IdS ASIOATUN 6
m dojaaa(q puv uoy. i ‘Suiinay wsAs uoneAOUU [RUOIRU

QO TWRIRIYOIN [p2130]0UYDI ] JO [PULMOL [DUOHDULIUT L10T [eNIIIA & SPIEMO) STWOU09d Jo Aiqedes uonesouur pue £3o[ouyoa) uoneuLIoful Uoamldq diysuonefar oy Sunesnsaaug €6
g uej pue Suey) 20U21DS UONDAOUUT fO [DUINOL [PUOUDIIIU] [ 10T Kyoedes aAnRAOUUL [BUONBU JO WIISAS B SUNONNSUOY) ([9010] SUIALIP [BOIS0[OUY03) 10 OLNUSIOS 76
)

) y2.4pasay puy A30jouyda101g

ZC ‘[e 12 AOWISTUY PROUDAPY JO [DUNOL [DUOYDUIIU] L10T JuawdooAdp OIIOU0Dd JO [OPOW © SB WIAISAS UONBAOUUT [BUOTIEN 16
m ‘Te1e my Adrj04 ongng uvippun) L102 BUIY.) WOIJ 9OUIPIAD [eOLIIdWS :SILNUNOD JSOY UT SA)SAS UOTEAOUUT [RUOTEU PUE SOXUD (]9 [BUOLRUSURI], 06
N 52012105 JUWUIZVUDJY ejep [oued woIj 0oUSPIAY

hC ‘Te 10 Kesog PUD 21UOUOIT JO [DUNOL UPILYY YINOS 810T (SAIWIOU099 BOLYY [INOS PUB BUIYD) RIPUJ ‘BISSNY ‘[IZRIg UI (IMOIF OIWIOU099 Inds WIsAs uoneAOUUl [BUOIRU Y} $90( 68
N soiyin puInoL WUz apy 4adng wnn
S ymy L 1
L
1
Y
~

S

~

Rl
=

~

=

&~



S. Hamidi and A. Berrado

304

teria (continued)

on cri

The list of research articles meeting the select

Ayoedes aandiosqe pue

©IEN
pueE 190B[[2)SED) 1104 Yo.10252Y] €107 Aupiqedes aAneAOUUT UIMIDQ UOTIN[OA0D A} JO SIsA[eue uoneISajuloo [oued e :SwoIsAs uoreAouul [EUONEU JO SOTWRUAp Y], 0zl
20uvulf
Jouuo), O pue o[foq pUD SS2UISNG [DUONDUIDIU] UI YIADISIY €10T SAIWOU099 UAdO [[eWS JO dOUBWLIONAd SANR]AI [SAWOUOII PIdUBAPE Ul SanIdeded UonRAOUU] 611
SOWIAIAZ, pUB SON[BH  S21uouods paiddy Jo maiaay jpuoynuiaiul €107 yoeoidde 1onuoy [[nJ [BUOHIPUOD © :SAOURWLIOLISM UOIEAOUUT SILIUNOD UO JINJ[NO [BUOIBU JO 1991J9 Y} SUI[[OPOIA 811
SLLIBH pue
[BA-Z3UOUBS-9IRIA 1104 Yo.1vasay 102 1N 9y pue uredg J10j $10308) uonBAOUUI [RILIIAWS [BNUAIIII LIT
JUWISPUDI
Te 12 ny) PUD SO1UOUO0DTT SSAUISNG JO [DUINOL 102 JuswoSeuew 93pamouy| Aq PojqeuS WA)SAS UOTIRAOUUI [RUOTIEU SUI[[OPOIA 911
[opowt
ez} v so1uouody panyddy o ma1aay [puoypuLIU]  $10T LIGOL 2y pue (vAQ) sisA[eue juswdo]aaus ejep Juisn (SIN) WAISAS UOIBAOUUL [BUOTIRU 3} JO UONEINSaAUl [eoLtdws uy SIl
‘[2 19 1o01B)SYORD) 1Y 3152.40,] +102 SALUN0d D)D) Pue DY JO seI 9YI—AWOU0I9 UdALIP-UonBAOUUT UB SUIp[INg ¥l
pluUPAIZD.IST
‘[& 19 O1AOUBIOAD) DYSUIOUOYT-YIUDISIY DIUOUOIT] 10T T10 Ul S9LIUNO0D UBY[Rg UIAISIAN Ul UOIIBAOUUL JO SISA[RUR Y, €11
‘T2 13 A100UIZRYD JUIWAISDUDIY [DANIIN) SSO4D) 10T sisA[eue AUN0OO-SSOID © :WIAJSAS UOHBAOUUI [RUONRU PUE [B)1ded [100S 481
I108)[ed pUE UR[IoY Sou.A ] S10T BIUO)IST JO 9SBI AU} :WRISAS uoreAouul [euolieu ay) ur Lorjod uoneaouur Jo o[o1 Y], Il
‘[e 12 pees uoypINP 42YSIET Ul SAAPNIS S10T Sururen pue Suryoes) uoneoNpa IYSIY JO S[01 AY) :90UBULIOJIdd S3Pa[MOUY PUB UONBAOUUT [RUOHIEN 011
‘[e 30 Dnzng 0121208 puy A30j0u1y29] 2oU12G S10T VXV Pue NI LSV JO Apnjs ases :waisAs uoneAsouur [euoneu s uedef ur soymnsu yoIeasay a1jqng Jo o[oy 601
‘e NIy JUWDIDUDPY (] pUv Y S10T aAnoadsiad Koua1o1yja $$9001d oY) WO SWIISAS UOLIBAOUUL :SINSLIANOBILYD [RUOLEN 801
Nﬁw:&&%\h\—wQ pub uonvaouuy ‘mﬁ:\kﬁwq
‘Te 19 ueWwIS() [pa150j0UYda ] [0 [PUINOL [PUOIDUIIIUT S10T Apms aaneIedwod e :e)ueT LIS PUB BIPU] ‘UBISDYBJ JO [IMOIF O1uou0da pue Aj1oeded uoneAouul [euoneu ay) Suruiuexy L01
JUWISPUDI
‘T2 19 uyos 2132045 pun sisdjpuy £30j0uyda ], 910T [opow uonenba [eIMONNS B UO Paseq Xapul UOIBAOUUL [BQO[S JO UOIIBN[RAS-9Y 901
SOLI0 ], PUB OpUISAY D110 DIUOUODT] P DISINDY 910T (IMO0IT UO JUTBIISUOD [BUIAIXD PUE WA)SAS UONBAOUUI [BUOTIEN S01
Axapdwo) puv 1230
‘[e 19 Suer ‘Bojouya ] :uoyvaouuy uadg fo puinor 9107 S9JBI UOIBAOUUI PUB INJ[NO [BUONEU JO SISA[RUR [BUOIBU-SSOID © :AJ10BdED 9ATIRAOUUI [BUONEU JO SJR[ALI00 [RIN)[ND) 01
sioyny [puinop D2 ap 4adng wnp




305

Data analytics for national innovation research

teria (continued)

on cri

The list of research articles meeting the select

eH AJ42140N0 Juawdo[2Ad(T 21UIOU0IT 600T soye)s oY) Suowre A1oedeo UOHBAOUUI UT SIOUQIJJIP PUE SPULI} SUNEN[EAD JUSWAINSEIW 0 Surueaw SuIppy LET
SI01BOIPUI UOTJBULIOJUT [emynwu iim sayoeoidde mou Jo

1ysISoN pue ung SOLUDWOIUDIDS 0107  uosueduwiod € :waysAS uoneAouul [euoneu s, uede( Ul $10300s 10410 pue Ansnpul ‘Ajisioatun Suowe sdrgsuonejor oy SuLnseojy o¢T

‘Te 19 oxraqry S021UOU0DT SOPNIST 0102 ASojouyo2) pue 20u210S Aq PI[[oNJ YIMOIT OTWIOU0d SUI[[OPOIN SEl
Y0025y

‘Te 10 ueg [puoyp.ad() Jo [puimnop d1fiovg-visy 0102 odoIng pue eISY Ul WI)SAS UOHBAOUUT [RUOTIRU 3]} JO JUSWAINSBAW doueuLIofad ea Pl
28upy)

‘Te 30 Sueny p120S pup Su1srI2.0,] [P21S0j0UYII ] 1102 S[OPOW UOIS3Y 09 pue d0udeAInba [ermonns Furredwos :K11oedes 9ATIRAOUUT [RUOTIBU JO S109JJ9 UOISEIU0) (X3

“Te 10 uay) W pup 1o 1Q-uoypaouuy 110 wo)sAS UOTAOUUT [RUOTEU oY) JO 9[01 a1} :sjndino daneAouur ojdnnu Jo Loustonjo (293 Jo uosiedwoo [euoneuIul Uy €1
20004

‘Te 10 YD) pup 110 ‘JuawaIvunyy uoyDAOUU] 110T wa)sAs uoneAOUUI [eUOTEU oY) JO 9ol :sindino aaneAouur djdnnu jo Aoustonje (293 Jo uosLredwod [euonEUINUI Uy 1€1

‘Te 10 maddiprg uonyvaouuy pup Lysnpuy 110T saLunod ueadoIng Jo sIsA[eue Uy ;paje]ol UONESI[BUONBUINUI PUR UORAOUUT 3Ty 0€1

nsy JUdWAIPUDPY SS2UISNG JO [DUNOL UPILYY  110T uoneatjdde Lo1jod pue Kousrolo uonesouur jo uostedwos [puorneu ssor) 6Tl

eSunyz pue 1dsa1) Juawdojaaa( plioy 7102 SOLIUNO) UBOLISUWIY UIET XIS WOLJ 99UapIAd :A)anjonpoid pue uoneaouup 8TI

eremiedoog

pue zonJLpoy SOLUDWOIUDIDS 7102 6002 01 6661 WOIJ UoneAOUUI pue ‘A30[0uyoa) 9dualos JO SuLId) Ul SunjIewyouaq NVASY LT1

‘& 19 dpeurwey) o104 youvasay 710z pueqrey [, 0) uonesrjdde uy ‘swoisAs uoneaouur [euoneu ur swajqoid orwa)sAs JuLmseapy 91

uay) pue ueno 1104 Yo.uvasay 7102 SW0ISAS UOIBAOUUT [EUONEU JO ADUSIONJO 0ATE[AI oY) SUI[[apoy 41
201004

‘Te 10 s[oueg pup 110 ‘JudwaIvuny UOHDAOUU] 7102 saunod SurdofaAap 1oy suoneorjduir Lo1joJ :SWISAS UONIBAOUU] [RUOTIEN JO SIUBUTULINNA ¥T1

JpwmoJ pue seeq sa1pnys upado.ang JO [PUNOL ULISDTT 7102 SOIUIOUO0D [[BWIS JO 9SBO A} UI S0UBWLIOJI2d UOT)BAOUUT [EUOTIEU PUE SIOJROIPUI UOTIBAOUUI U39M]9q AOUS)SISUO) €Tl

yeluze| DIUDAIZD.UST DUIAISNAT 7102 SUOISUWIP S OPAISJOH JO ANPI[EA JUUO)) “BIFEOIO UT 9INJ[ND UOHEAOUUT [EUOIEU JO SUOISUDUI(] wl

uosIopuy
PUB UBWIASIA\ uonwonpy puv siomduo) 7102 soLyunod (HHN) [1PUN0)) uoneradoo)) Jno) Y} Ul SWSAS UOHEAOUUT [EUOIEU PUE UONEINPd pajerdojul-1 )] 121
sioymny puinor A2 ap 4adng WA




S. Hamidi and A. Berrado

306

teria (continued)

on cri

The list of research articles meeting the select

AZojouyoa]
“Te 39[ PpLL MaN puv UOPAOUUT JO SINUOUOIT 9661 UOTIEAOUUI JO SIOJEdIPUI [BIOURUIJ PUE JONIBW ‘[ed130[0uyoa) Sunjur [3al
yoorreq
pue Jyoa1qesug UONDAOUU] Ul SAIPNIS' [DIULLD) SNAYIUWOA] 6661 WOISAS UOTEAOUUT [EUOTEU, S PUB[EOZ MON] JO JUSWISSISSE [9A[-0108W dAneIedwod v 8pl
I0YUSZ pue I9[[NIA 10 youvasay 100T SWoISAS UOTIBAOUUT [RUOTIEU PUE [UOISAI UI SET JO 9[01 9Y ], :UONEWLIOJSUET) 9FPI[MOUY JO SIO)OB SE SIOTAIS SSAUISNE L1
‘[B 30 ueULINn 21104 Y2.402$2Yy 2002 Kyoedes oAneAOUUT [RUONBU JO SJUBUILLIDNP O], ral
JUDWDSDUDIA UOIDAOUU] PUD [1] swaisAs uonesouur
sfiof pue oIdOIN duys.anaua.da.quz fo (puinop jpuoypuidIU] 00T [euoneu uo suLy uSrolof Jo Joedw oy SuLINSEOW SWLIY USIOIO) PUE [BUOLEU U02M]Aq INOTABYI] SAIIEAOUUT JO SOOUAINICT Spl
SnjeIIy
PUE [SMOIIISEN $20UIIG SUIUUD] ] DIUOUOIFT-0100F €00T SWO)SAS UONBAOUUI [BUOEU JO AOUDIOLIR oY) UQ 24l
UoSaH pue Ioqe] 10 youvasay 002 suoneaouur jonpoxd jo sofes pue sjuated Jo sosAJeue [euoneu-sso1)) :suoneu ueadong jo sanijiqedeo uonesouuy 34l
yIed pue 09 uonpaoUYII | 9002 £OIOY] UI OIN[IE] PUE SSI99NS SUNIIJE SI0JOL,] WIAISAS UOIEAOUUI [BUONEU © Ul SoFexul] Juddo[oAdp pue YoIeasay wl
JUWSDUDIN pueqiey ], pue eiske[ejy ‘@1odesurg
za1(] pue 1a510g A3ojouyda fo jpuinop puoyvULIUL 900T woIy 90udPIAd [eotnduwg jsonijiqedes [eorSojouyod) aaneAouur do[oAdp 0} WAISAS UOTRAOUUI JUSIDIIFS Uk d1Nbal swy o 1
uoywspqorny
YL pue jezjeq pup A30j0ui23 [ Jo |pUINO[ [DUOIDUIIIUT 9002 ©OIE 0DHO Y} UI SwoIsAs uonesouur [euoneu Surddejy ovl
291071
pue S10q105e,] D104 youvasay 8002 JuowdojoAdp OTOU0d pue sanI[iqedes ‘SwoIsAS UonEAOUUT [RUOTIEN 61
Ansnpur JuLIjoRNURW S PUR[IRY ], WOIJ
Z31(] pue 19319g saipnys Suruuv]g uvado.anyg 8007  SWSIsu] jsuoneiodiod [euoneusuer) Jo 90ussa1d ot WOy 11jouaq SILNUNOD FUISIRLNSNPUL 918] UI SWIISAS UOTIBAOUUI JSOY UB) 8¢l
saoymy [punor NUZ oy 4adng wnp




