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Abstract: This research aims to assess the regional innovation system (RIS)
efficiency for regions in transition, i.e., the Gulf Cooperation Council (GCC)
countries, Central Asia, Eastern Europe, and Africa. Dynamic network data
envelopment analysis (DNDEA) model is used to measure efficiency of set of
decision-making units (DMUs). The study assessed the RIS performance of the
four regions with reference to the top ten innovative countries based on the
GII 2021 report. The variables used to measure efficiency include R&D
expenditure, researcher, FDI, patent origin, PCT patent applications, journals
articles, citable documents H-index, high-tech exports, and ICT. Secondary
data were collected from the Global Innovation Index (GII) Report over period
2014-2021. The research identified the most innovative regions and showed
that Central Asia is ranked as the first innovative region. Africa was ranked as
moderate in terms of RIS efficiency. In stage three, it is observed that the GCC,
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Eastern Europe and Africa were less efficient compared to Central Asia. This
research recommends investing in inputs devoted to innovation such as R&D
expenditure and human capital to develop the innovation capacity of countries.

Keywords: regional innovation system; RIS; innovation efficiency; regions in
transition; innovation performance; dynamic network data envelopment
analysis; DNDEA.
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1 Research background

Regional innovation system (RIS) is vital for fostering added value in national
economies. RIS is underpinned by human capital and the capability to commercialise.
RIS is characterised by the rapid diffusion of knowledge, skills, and best practices within
a geographic area larger than a city, but smaller than a nation (Luongo et al., 2023). A
RIS as a governance and business model is designed to foster economic development.
However, to achieve a sound RIS several conditions and enablers should be provided
including infrastructure, human capital, policy, and finance since RIS reflects the synergy
at the regional level to implement, exploit, and generate knowledge. In addition, JanoSec
et al. (2024) found that the government support for R&D has an effective impact on
evolution of the innovation environment. This research aims to assess RIS efficiency for
regions in transition including the Gulf Cooperation Council (GCC), Central Asia,
Eastern Europe, and Africa during the period 2014-2021.

Innovation can be defined based on stage, means, purpose, type and attributes
(Baregheh et al., 2009). Innovation is conceptualised as the creation of a novel idea or a
new product and processes (Wong and Merrilees, 2008). RIS reflects the synergy at the
regional level to implement, exploit, and generate knowledge. Moreover, RIS, according
to Asheim and Coenen (2005) and Isaksen et al. (2022), is defined as interactive
knowledge generation subsystems. RIS represents the symbiotic relations between
companies, firms, public or governmental to promote competitiveness and efficient
performance (Al-Khalifa et al., 2021; Isaksen et al., 2022). Innovation is critical to
improve economic performance through renewing product cycles, introducing new
markets, and enhancing the cost efficiency of public and private entities (Andreoni and
Tregenna, 2018).

The GCC countries are keen to enhance innovation ecosystems as part of vision 2030
(Nurunnabi, 2017). The GCC needs to make a transition from an oil-based economy to a
service-based economy to enhance innovation efficiency as reflected in the metrics in the
Global Innovation Index (GII) Report. It is critical for GCC to assess the efficiency of
countries in transition to foster productivity and competitiveness through assessing the
key attributes and enablers of RIS models. This paper aims to assess the RIS efficiency
for selected countries in transition using DEA and recommend appropriate policies to
foster RIS efficiency. The following section reviews the literature related to RIS.
Methodology and data analysis are presented in Sections 3 and 4. Conclusions and
implications are outlined in Section 5.

2 Literature reviewer

RIS is a social system that includes the systematic interaction of the various public and
private sector organisations to improve knowledge and local innovation (Samara et al.,
2024). It depicts the interactive knowledge flow (Asheim and Coenen, 2005). RIS
describes the symbiotic relations between sectors (Cooke, 2021, 2003) since it provides
the ecosystem for the different actors to accelerate economic development in countries in
transition. Enabling the environment is key to achieving a sound RIS in any region, these
include infrastructure, human capital, policy, and finance. Economies in many regions in
transitions are based on natural resources but are making plans to diversify the economy
through investments in ICT infrastructure, business environment, human capital,
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education, and R&D to promote local economies and foster innovation (Alshahrani et al.,
2023). Bolsunovskaya et al. (2023) suggested RIS digital platform, that includes module
of simulation experiments, various approaches to data analysis and visualisation. To
increase the National Innovation System and sustainable economic development, they
must assess current opportunities, address obstacles, and explore the policies that can
improve its innovation and IT capabilities (Sube et al., 2025). Since knowledge economy
and services are underpinned by clusters and RISs, it is imperative to benchmark and
assess the innovative performance of RIS.

Data envelopment analysis (DEA) is a sound tool for estimating the effectiveness of
RIS using nonparametric mathematical programming (Anouze et al., 2024) which was
applied in many contexts as shown in Table 1.

Table 1 Models per region based on systematic literature review

Model Author Region Model

National Anouze et al. (2024) GCC ICT-driven innovation

innovation system

Regional Firsova and China Regional systems of innovation:

innovation systems  Chernyshova (2018) technological system of innovation.
Sectoral systems of innovation

Regional Cooke (2004) European Regional Innovation system:

innovation system Union technology transfer activity:

and interaction universities (knowledge generation

with actors sub-system). Businesses (knowledge

utilisation sub-system).
Innovation system Chen and Guan China Innovation system: (institutions and
(2011) framework conditions); innovative

resources; innovative output
(downstream commercialisation).

Yam et al. (2011) developed conceptualisation for RIS to measure innovation
performance. Besides, other studies measured RIS using number of patents and
absorptive capacity (Pradana et al., 2020); R&D expenditure (Anouze et al., 2024;
Aldhmour and Doyle, 2023). Many ecosystems were developed in the GCC including
Dubai Biotechnology and Research Park (DuBiotech), King Abdulaziz City for Science
and Technology, and Bahrain FinTech Bay. Table 2 showed the key enablers for RIS
based on literature related to regions in transition.

Evaluating RIS performance entails input-output analysis (Markard and Truffer,
2008) but it is a complex process since it depends on selected variables and maturity of
information systems (Carlsson et al., 2002). The RIS is underpinned by institutions and
organisations associated with a particular geographic area (Moulaert and Sekia, 2003),
knowledge generation (Kustepeli et al., 2013), university-industry collaboration (Fritsch
and Slavtchev, 2011), technology (Markard and Truffer, 2008), spatial indicators and
innovation capacity (Zabala-Iturriagagoitia et al., 2007).
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Table 2 Key enablers of RIS based on literature

Key enablers Regions
Availability of scientists and engineers USA
Company spending on R&D university-industry

Collaboration in R&D

Public research organisations European Union

Educational organisations

Technology mediating organisation

Policy institutions

Regional development agencies

Regional governance subsystem

PCT patent applications China
Scientific and technical articles

Citable documents

Human development index

Multinational firms Russia
International laws

Regional trade agreements

Intellectual property rights

International financial

Regulations

Educational and training system

R&D system

Governance system

Sectoral systems of innovation

A systematic review for RIS and DEA literature was conducted to identify gaps in
knowledge. This review attempted to gather objective DEA data on the selected studies.
Peer reviewed articles in journals listed in Scopus were searched using the following
keywords in the title: ‘regional innovation system (systems)’, or ‘regional innovation
(systems) system’. The period for the articles was defined as 2000 to 2021. Inclusion
criteria include peer-reviewed articles with ten citations. Out of 446 articles only 151
were chosen after applying exclusion criteria. The articles were published in several
journals including the European Planning Studies, 23 publications 15%, and Regional
Studies Journal, 15 publications 10%. The three most cited articles were that of (Braczyk
and Heidenreich 1998; Cooke et al., 1997). These articles applied theoretical and
conceptual analysis and identified new approaches to achieving competitive advantage
(Braczyk and Heidenreich, 1998).
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Most cited articles for RIS using DEA

Table 3
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Figure 1 Research model (see online version for colours)
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RISs were conceptualised in terms of a collective order based on micro constitutional
regulation (Cooke et al., 1997) and promoting both systemic learning and interactive
innovation. The review shows only three studies of the most cited articles were empirical
studies using quantitative research methodologies with a statistical analysis of the results
as shown in Table 3. These include the work of Asheim and Coenen (2005) and Asheim
and Isaken (1997) which addressed location, agglomeration, and innovation. The review
showed that 24 studies applied to the DEA for evaluating RIS. The only comparative
study was that of Zhang and Wang (2019) in which they compared between developed
and emerging economies.

3 Research methodology

Dynamic network data envelopment analysis (DNDEA) model was used in this
research which is a non-parametric linear programming model measuring different
decision-making units (DMUs) (Feng et al., 2021). The research model includes three
stages as illustrated in Figure 1. The analysed DMUs were the countries in transition in
GCC, Eastern Europe, Africa, and Central Asia. Variable return to scale (VRS) was
adopted to measure the multiple oriented, decreasing or increasing inputs and outputs.
Secondary data were collected from GII reports for the years (2014-2021) to perform the
DEA to ensure consistency.

The research model includes independent, intermediate, and dependent variables.
First, the independent variables include total R&D expenditure, the number of
researchers and foreign direct investment but we have fixed assets as carry-over. The
intermediate variables include number of patent applications, number of patents granted,
journal articles and citable documents. The dependent variables include high technology
exports and information and communications technology (ICT). Moreover, the model
consists of three stages where stage one includes input and output of the knowledge
production process (KPP). Stage two includes the input and output of the knowledge
commercialisation process (KCP). Stage three (overall) includes both KPP&KCP
processes. In the KPP process, the efficiency of the production process of both technical
and scientific is measured. Whereas the KCP depicts the efficiency of processes
converting technical and scientific knowledge into innovation, known as KCP, are
measured (Alnafrah, 2021).

3.1 Innovation system indicators KPIs: DEA variables of inputs and outputs

The variables used to measure efficiency include R&D expenditure, number of
researchers, foreign direct investment (FDI), patent origin, PCT patent applications,
journals articles, citable documents H index, high-tech exports and ICT. Secondary data
were collected from the GII Report for the years (2014-2021).

3.2 Sample size

The sample of the study includes 33 countries from four regions, i.e., the GCC, Eastern
European, Central Asian, and African region. The benchmarking was taken based on the
top ten innovation countries from the GII 2021 report. The rationale for choosing the
sample is to identify the key attributes for innovation in regions in transition. The
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countries that are included in the sample of this research is GCC (Bahrain, Kuwait,
Oman, Saudi Arabia, Qatar, United Arab Emirates), Eastern Europe (Estonia, Latvia,
Russia), Eastern Europe (Ukraine, Poland, Romania, Hungary, Czech Republic), Central
Asia (Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan), Africa (Nigeria, Egypt, Algeria,
Morocco, Kenya), and the top ten (Switzerland, Sweden, the USA, the UK, Korea,
Netherlands, Finland, Singapore, Denmark, Germany). The following section outlines
inputs and key results of DEA.

Table 4 Definitions of innovation system indicators KPIs
Variables Definitions Source
R&D expenditure  “This indicator measures gross domestic expenditure on Andrade
R&D as a percentage of the last period gross domestic (2020)
product (GDP)”.
Citable documents  “The H-index expresses the journal’s number of articles (H)
H-index that have received at least H citations. It quantifies both

journal scientific productivity and scientific impact, and is
also applicable to scientists, journals, and so on. The H-index
is tabulated from the number of citations received in
subsequent years by articles published each year, divided by
the number of articles published that year”.

Researchers “Researchers per million population, full-time equivalent”.

Patent applications “Number of resident patent applications filed at a given

by origin national or regional patent office (per billion PPP$ GDP)”.

PCT applications “Number of Patent Cooperation Treaty applications filed by

by origin residents (per billion PPP$ GDP)”.

Journal article “Number of scientific and technical journal articles (per
billion PPP$ GDP)”.

Foreign direct “Foreign direct investment is the average of the most recent Andrade,

investment (FDI)  three years of net inflows of investment to acquire a lasting (2014,
management interest (10 percent or more of voting stock) in 2020)

an enterprise operating in an economy other than that of the
investor. It is the sum of equity capital, reinvestment of
earnings, other long-term capital, and short- term capital as
shown in the balance of payments. This series shows net
inflows (new investment inflows less disinvestment) in the
reporting economy from foreign investors and is divided by

GDP”.
High-tech exports  “High-technology exports minus re-exports (% of total
trade)”.
ICT services “Telecommunications, computer, and information services
exports (% of total trade) according to the Extended Balance of

Payments Services Classification EBOPS 2010, coded SI:
Telecommunications, computer, and information services”.

Fixed asset The capital stock of each country is calculated by investing in  Feng et al.
the fixed assets of each country at the end of each year. Unit: (2021)
billion dollars.
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4 Data analysis

The GCC region

Table 5 Data description of the GCC region (2014-2021)

v N © {
N N = 2] ) ~=
3 < - OISR = = “ S v
ST 5 & £% D $iz g g% & s%
<3 3 = 285 % §3& Y 5§ O} &%
2 ¥ S% g s
2014 Average 0.1 1753 13 01 02 743 01 01 14 54
Stand 02  152.1 1.1 01 01 306 01 01 18 20

Max 0.5 478.1 2.7 04 03 1240 02 04 40 93
Min 0.0 47.4 0.0 00 0.1 390 0.0 0.0 0 4
2015 Average 0.2 226.9 1.7 0.1 0.1 85 02 01 20 3.7
Stand 0.2 176.6 1.1 0.1 0.1 354 02 01 00 1.7
Max 0.5 586.9 3.0 03 02 1440 05 03 20 69
Min 0.0 135.1 0.0 00 00 430 00 00 20 24
2016 Average 0.3 206.3 1.4 0.1 0.1 962 04 02 14 41
Stand 0.3 191.4 1.1 02 00 401 03 02 1.7 2.0
Max 0.7 597.1 2.8 06 01 1640 10 05 38 7.5
Min 0.0 127.3 0.3 00 00 480 0.0 00 0.1 2.2
2017 Average 0.5 609.2 0.8 0.1 0.1 7.6 0.7 03 1.8 4.6
Stand 0.3 701.9 1.0 02 0.1 4.5 06 02 19 22
Max 09 20034 27 05 02 15.5 1.7 05 49 8.0
Min 0.1 128.4 0.0 00 0.0 24 00 0.1 0.1 2.6
2018 Average 0.5 682.3 0.9 02 0.1 8.3 12 03 1.9 33
Stand 0.4 860.1 0.9 02 0.1 52 09 03 1.9 1.8
Max 1.0 24066 2.6 07 02 176 26 06 49 6.2
Min 0.1 1293 0.3 0.1 0.0 23 0.1 00 0.1 1.4
2019 Average 0.5 767.8 1.1 02 0.1 8.7 1.7 02 1.7 34
Stand 0.4 812.2 0.8 03 0.1 5.6 1.2 02 1.5 1.6
Max 1.0 2,406.6 2.6 07 04 187 3.6 06 39 6.2
Min 0.1 244.0 0.2 00 0.0 24 02 00 02 1.8
2020 Average 0.5 766.0 73.7 02 0.1 104 21 01 20 42
Stand 0.5 800.0 115 03 0.1 5.9 1.5 0.1 1.3 2.0
Max 1.3 23789 887 09 03 210 46 03 38 7.8
Min 0.1 236.0 540 00 0.0 3.9 03 00 03 2.2
2021 Average 0.5 772.4 785 01 02 11.1 26 19 24 96
Stand 0.5 794.6 158 0.1 02 6.3 20 37 26 40
Max 1.3 23789 1009 02 06 227 59 94 74 159
Min 0.1 281.2 540 0.1 0.0 4.4 04 0.1 0.3 4.7

Source: Andrade (2014, 2020)



The Eastern European Region

Evaluating the efficiency of regional innovation systems

11

Table 6 Evaluating the efficiency of regional innovation systems in the Eastern European
Region (2014-2021)
® 3 2 “ ‘S ~
<% ¢ 5 &% % 8%% % 8% } @
g < S i
2014 Average 12 3,1934 40 51 06 2015 1.6 265 22 78
Stand 06 15497 25 33 04 8.6 05 138 1.0 6.0
Max 22 59065 74 115 12 3250 23 531 38 17.1
Min 05 1,1687 0.6 07 0.1 8.0 0.7 107 1.0 1.5
2015 Average 1.1 22361 21 43 05 228 1.9 234 33 7.8
Stand 0.6 966.1 14 25 02 974 08 134 16 55
Max 20 34236 37 82 08 3550 33 485 6.0 163
Min 0.4 862.0 00 07 0.1 940 08 82 1.8 1.7
2016 Average 1.1 23062 34 39 05 2454 22 228 44 85
Stand 0.5 955.3 2.8 19 03 1071 09 120 22 5.1
Max 20 34185 90 68 1.0 390 37 441 78 163
Min 0.4 921.5 06 22 01 1040 09 93 1.9 21
2017 Average 1.1 22968 23 41 04 224 26 231 55 8.8
Stand 05 10119 06 22 02 1077 12 130 26 49
Max 20 36119 32 79 07 366 44 476 92 167
Min 0.5 894.8 1.4 1.6 0.1 7.8 12 88 23 3.1
2018 Average 1.0 22696 46 37 05 226 3.0 163
Stand 05 1,007.1 62 20 03 10.7 1.3 8.1
Max 1.7 3,5188 198 7.0 1.1 36.7 48 308
Min 0.4 912.4 1.4 1.9 00 8.1 1.3 72
2019 Average 1.0 2479.0 4.1 34 05 229 31 152
Stand 05 1,076.9 3.9 1.7 03 10.9 14 7.6
Max 1.8  3,6899 136 62 1.1 374 49 287
Min 0.4 890.2 1.6 1.9 0.1 8.4 1.3 69
2020 Average 1.1 25662 46.6 3.1 05 244 33 164
Stand 05 1,1733 171 1.8 0.2 10.5 1.6 8.0
Max 1.9 38627 760 60 08 382 54 307
Min 0.5 8824 259 16 0.1 9.3 1.8 73
2021 Average 1.1  2,688.7 420 27 04 246 38 232
Stand 05 1,2919 126 15 03 10.3 1.8 121
Max 1.9 4,0573 590 57 1.1 37.7 63 435
Min 0.5 896.0 247 15 0.1 9.5 1.3 9.1
Source: Andrade (2014, 2020)
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The African Region
Table 7 Data description African region (2014-2021)
2 3 z -
3§ T 3 i85 5 3 o5 i
<2 § 0t &s % 8 1 T 3%
S = =
2014  Average 0.5 627.2 1.7 1.2 0.1 105.8 0.6 0.3
Stand 0.4 484.7 1.4 0.4 0.1 24.6 0.4 0.5
Max 1.0 1,146.1 3.6 1.6 0.2 132.0 1.2 1.1
Min 0.1 119.7 0.0 0.4 0.0 78.0 0.2 0.0
2015 Average 0.5 3523 1.7 0.7 0.1 119.6 1.1 0.2
Stand 0.4 325.8 1.0 0.5 0.1 27.4 0.7 0.2
Max 1.0 864.5 32 1.3 0.2 149.0 1.9 0.6
Min 0.1 38.6 0.8 0.1 0.0 89.0 0.3 0.0
2016 Average 0.5 452.8 1.6 0.7 0.1 131.8 1.6 0.3
Stand 0.4 3304 1.0 0.5 0.1 313 1.1 0.2
Max 0.8 856.9 33 1.4 0.1 165.0 2.8 0.6
Min 0.0 38.6 0.7 0.1 0.0 97.0 0.4 0.0
2017  Average 0.5 487.4 1.5 0.6 0.0 10.9 2.1 0.5
Stand 0.4 388.1 1.1 0.4 0.0 32 1.4 0.6
Max 0.8 1,032.5 32 1.0 0.1 14.5 3.6 1.5
Min 0.0 38.6 0.4 0.1 0.0 7.2 0.4 0.0
2018 Average 0.5 493.1 1.5 0.6 0.0 11.4 2.6 0.5
Stand 0.4 402.1 1.0 0.4 0.1 32 1.7 0.7
Max 0.8 1,069.0 29 0.9 0.2 15.2 44 1.6
Min 0.0 38.6 0.5 0.1 0.0 7.7 0.4 0.0
2019  Average 0.5 705.9 1.5 0.5 0.0 11.6 3.1 0.4
Stand 0.3 307.9 1.0 0.3 0.1 32 2.1 0.6
Max 0.8 1,069.0 2.6 0.8 0.2 15.5 5.2 1.5
Min 0.0 225.0 0.5 0.1 0.0 8.0 0.4 0.0
2020  Average 0.5 710.8 34.7 0.6 0.0 13.1 3.6 0.5
Stand 0.3 310.3 28.8 0.5 0.0 3.2 23 0.7
Max 0.8 1,073.5 849 1.4 0.1 17.4 6.0 1.7
Min 0.0 221.4 10.9 0.1 0.0 9.7 0.9 0.0
2021 Average 0.5 710.8 35.1 0.6 0.0 13.5 4.1 0.6
Stand 0.3 310.3 30.2 0.5 0.1 32 2.6 0.8
Max 0.8 1,073.5  87.8 1.3 0.2 17.7 6.8 2.1
Min 0.0 221.4 10.5 0.1 0.0 10.2 1.4 0.0
Source: Andrade (2014, 2020)
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Table 8 Data description Central Asia region (2014-2021)
§ § s e ) g g <] § R
% K Q 3 T L 8 LE sV
2014 Average 0.1 601.2 54 44 01 398 03 24 0.7 3.7
Stand 0.1 382.0 48 37 01 151 02 1.7 0.9 1.9
Max 0.2 1,0793 112 84 03 530 04 45 2.1 6.4
Min 0.0 200.3 02 02 00 230 00 03 0.2 2.1
2015 Average 0.1 647.1 45 32 00 440 04 2.1 0.9 2.5
Stand 0.1 93.8 42 27 0.1 173 03 1.6 1.1 1.3
Max 0.2 763.5 105 6.1 0.1 59.0 0.6 4.1 2.6 44
Min 0.0 533.9 13 01 00 240 00 0.1 0.2 1.6
2016  Average 0.1 550.6 23 29 01 330 05 20 1.1 24
Stand 0.1 367.1 1.6 35 01 266 04 22 1.8 2.0
Max 0.2 734.1 35 71 01 640 08 48 3.8 4.7
Min 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0
2017 Average 0.1 550.6 44 24 0.0 1.3 06 27 04 2.5
Stand 0.1 367.1 43 3.0 00 1.7 05 26 03 23
Max 0.2 7341 103 64 0.1 3.6 1.0 59 07 5.6
Min 0.0 0.0 00 0.0 0.0 0.0 00 00 00 0.0
2018 Average 0.1 515.7 5.1 1.7 0.0 1.2 0.7 2.6 1.0 1.9
Stand 0.1 343.8 40 20 0.0 1.7 05 21 1.4 1.4
Max 0.1 687.6 9.6 42 0.1 3.5 1.2 50 3.0 3.5
Min 0.0 0.0 00 00 0.0 0.0 00 0.0 0.0 0.0
2019 Average 0.1 687.6 60 28 0.0 1.6 08 30 05 22
Stand 0.1 0.0 24 3.0 0.0 1.8 06 06 04 0.9
Max 0.1 687.6 83 6.0 0.0 35 1.3 3.6 1.0 32
Min 0.0 687.6 35 01 00 0.0 00 23 0.2 1.6
2020 Average 0.1 5716 159 24 0.1 3.5 0.9 1.3 0.3 2.6
Stand 0.0 77.9 124 25 0.1 1.7 06 13 0.3 1.5
Max 0.1 6669 273 6.0 0.1 5.1 1.4 32 0.7 4.7
Min 0.1 476.2 00 0.1 0.0 1.2 00 0.1 0.0 1.2
2021 Average 0.1 571.6 230 1.7 0.1 3.6 1.0 14 04 43
Stand 0.0 77.9 78 1.0 0.1 1.8 06 1.7 03 23
Max 0.1 6669 30.0 2.8 0.1 5.3 1.5 39 08 7.4
Min 0.1 4762 11.8 04 0.0 1.1 0.1 0.1 0.2 2.1
Source: Andrade (2014, 2020)
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Top ten innovative countries based GII 2021 report

Table 9 Data description top ten innovative countries based GII 2021 report
N 3 2 “ ‘§ =
2014 Average 29 7,5799 29 163 67 6027 57 122 2.1 450
Stand 0.8 1,7884 63 272 3.6 3272 13 6.6 19 167
Max 44 10,678.8 20. 927 12. 1380.0 7.6 260 6.0 67.2
Min 1.7 4979.6 0.0 33 21 2680 36 53 02 205
2015 Average 29 55234 3.1 158 56 6665 86 127 25 414
Stand 08 13754 65 28,0 26 3572 21 73 1.8 151
Max 42 72713 214 943 88 1518.0 11.5 268 6.0 634
Min 1.7 39787 0.0 26 21 3080 53 45 03 206
2016  Average 2.8 56306 40 210 54 7278 115 125 2.6 413
Stand 08 13753 66 254 26 3846 28 71 20 153
Max 43  7,1982 21.8 92.0 89 1648.0 157 268 6.7 64.5
Min 1.7 4,018.6 02 29 19 3490 70 50 04 199
2017 Average 2.8 5,723.1 59 204 53 648 143 132 39 418
Stand 07 1,3785 84 250 25 242 36 79 31 161
Max 42 74836 222 903 88 1000 20.0 29.1 99 66.8
Min 1.7 42320 0.0 3.1 1.8 339 87 50 0.6 198
2018 Average 2.8 58772 6.0 194 52 65.1 17.1 13,0 3.6 258
Stand 0.7 1,2449 7.7 233 25 23.8 42 78 27 92
Max 42 75147 228 845 87 1000 242 286 88 385
Min 1.7 43134 0.6 33 1.7 356 104 47 06 115
2019 Average 29 6,007.7 80 184 5.1 656 199 115 34 240
Stand 08 13652 95 215 25 23.6 49 84 22 84
Max 46 79232 277 782 83 1000 284 274 8.1 356
Min 1.7 42563 0.8 3.0 1.7 365 121 44 0.7 105
2020 Average 2.9 12,2529 1344 174 49 658 228 11.6 33 253
Stand 0.8 19,2349 352 199 25 232 57 87 21 92
Max 45 66,861.1 186.0 72.7 82 100.0 33.0 284 7.6 382
Min 1.7 44124 777 28 1.8 378 138 42 0.7 107
2021 Average 29 6,366.8 1340 169 5.1 659 257 114 38 413
Stand 08 1,399.0 36.1 20.6 25 23.0 65 74 3.0 150
Max 46 84078 191.8 745 87 1000 37.5 253 113 622
Min 1.8 4,4082 802 3.0 20 384 155 43 09 189
Source: Andrade (2014, 2020)
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The RIS efficiency results

Table 10  The efficiency score of each region based on DNDEA output-oriented VRS model
(division 1)

2014 2015 2016 2017 2018 2019 2020 2021 Average

GCC Average 0.785 0363 0.557 0519 0572 0401 0.524 0594  0.539
Stand dev. 0.374 0308 0.252 0.344 0.403 0360 0443 0.467 0238

Max 1.000 0.965 1.000 1.000 1.000 1.000 1.000 1.000 0.864

Min 0.085 0.085 0.304 0.041 0.049 0.026 0.029 0.020 0.277

Eastern  Average 0.252 0.571 0.323 0.377 0.460 0388 0445 0.632 0370
Europe  gianddev. 0.140 0390 0282 0304 0289 0314 0290 0346  0.201
Max 0.456 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.767

Min 0.067 0.142 0.149 0.147 0.164 0.163 0206 0250 0.168

Central  Average 0.780 0.911 0.636 0.746 0.923 0.613 0.661 0.434  0.750
Asia Stand dev. 0.264 0.164 0254 0296 0.092 0429 0333 0410 0.160
Max 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  0.898

Min 0.470 0.666 0416 0.439 0.815 0.088 0.236 0.019 0.569

Africa  Average 0416 0.602 0353 0.512 0409 0307 0327 0323 0.376
Stand dev. 0.335 0.523 0349 0.444 0381 0357 0.383 0375 0362

Max 0372 0.591 0.389 0.487 0.403 0.374 0378 0.384  0.386

Min 0330 0.612 0446 0509 0465 0435 0.442 0449 0421

Top Average 0.533 0.828 0.758 0.803 0.704 0.813 0.714 0.881 0.677
ten Stand dev. 0.325 0.308 0.306 0.310 0.289 0.276 0279 0255 0.279
Max 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  1.000

Min 0.165 0309 0.190 0228 0.191 0.339 0297 0399 0.211

Table 11  The efficiency score of each region based on DNDEA output oriented VRS model
(division 2)

2014 2015 2016 2017 2018 2019 2020 2021 Average

GCC Average 0.480 0516 0.379 0.565 0.454 0420 0275 0.777 0.483
Standdev. 0.412 0319 0424 0478 0363 0307 0226 0290 0238

Max 1.000 0.932 1.000 1.000 1.000 0.888 0.608 1.000 0.786

Min 0.064 0.093 0.044 0.062 0.070 0.092 0.066 0254 0.208

Eastern  Average 0.650 0.798 0.730 0.876 0.806 0.849 0.735 0.859  0.788
Europe  gunddev. 0226 0.185 0238 0.150 0238 0202 0270 0245  0.181
Max 0.945 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.993

Min 0246 0471 0414 0.623 0306 0431 0277 0312  0.487

Central  Average 0.569 0.382 0.786 0.667 0.893 0.558 0.529 0.453  0.605
Asia Stand dev. 0.407 0.415 0429 0388 0214 0327 0394 0403 0249
Max 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.946

Min 0.207 0.101 0.142 0276 0.572 0.222 0.080 0.029  0.349
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Table 11  The efficiency score of each region based on DNDEA output oriented VRS model
(division 2) (continued)
2014 2015 2016 2017 2018 2019 2020 2021 Average

Africa Average 0.270 0.368 0.340 0.458 0.239 0314 0.264 0.295 0.319
Stand dev. 0.314 0.381 0.396 0.535 0.250 0.288 0.304 0.342 0.351
Max 0.354 0.419 0.400 0.617 0.293 0.339 0.351 0.373  0.393
Min 0.377 0.446 0462 0.722 0306 0.363 0.392 0410 0.435
Top Average 0.817 0.975 0.836 0.938 0.893 0.927 0.802 0.948 0.892
ten Stand dev. 0.263 0.053 0.226 0.148 0.197 0.112 0.229 0.070  0.119
Max 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.997
Min 0.277 0.880 0.395 0.576 0.488 0.704 0.377 0.852  0.688

Table 12 The efficiency score of each region based on DNDEA output oriented VRS model

(division 2)
2014 2015 2016 2017 2018 2019 2020 2021 Average

GCC Average 0.577 0.344 0.680 0.469 0.755 0.370 0.484 0.792  0.559
Stand dev. 0.431 0.150 0.376 0.420 0.405 0.364 0415 0.343 0.265
Max 1.000 0.488 1.000 1.000 1.000 1.000 1.000 1.000 0.825
Min 0.142 0.146 0.196 0.106 0.043 0.036 0.060 0.193 0.163
Eastern ~ Average 0.774 0.770 0.834 0.817 0.896 0.820 0.782 0.881 0.822
Europe  gand dev. 0.287 0.283 0251 0236 0231 0235 0287 0255 0237
Max 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Min 0.233 0.236 0.285 0.334 0.347 0.326 0.252 0.286  0.287
Central ~ Average 0.577 0.385 0.626 0.849 1.000 0.630 0.471 0.983  0.690
Asia Stand dev. 0.488 0.421 0.434 0.303 - 0.284 0.273 0.034 0.138
Max 1.000 1.000 1.000 1.000 1.000 1.000 0.809 1.000 0.872
Min 0.148 0.068 0.194 0.395 1.000 0.316 0.142 0.932 0.535
Africa Average 0.296 0.478 0.442 0.689 0.687 0.512 0.391 0.712 0.454
Stand dev. 0.340 0.374 0.380 0.627 0.624 0.561 0.452 0.837 0.449
Max 0.385 0432 0.426 0.731 0.737 0.662 0.520 0.804 0.517
Min 0414 0468 0.470 0.677 0.685 0.619 0.547 0.765 0.529
Top Average 0913 0.904 0.896 0910 0.905 0.798 0.645 0.870 0.840
ten Stand dev. 0.215 0.201 0.210 0.201 0.206 0.213 0.251 0.219 0.194
Max 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Min 0.426 0.468 0.432 0.433 0416 0.395 0.306 0.449 0.395
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Malmgquist projection

Table 13 VRS output-oriented projection

Eastern  Central

2021 GCC Europe Asia Africa Top ten
Average Average Average Average Average
Divl  Patent origin Data 0.233 3.100 2.375 0.620 17.350
Projection 1.899 8.259 3.443 5.122 29.285
(%) Difference(%) - 2.333 0.628 18.396 1.656
PCT patent Data 0.083 0.450 0.050 0.020 4.940
Projection 0.212 1.590 0.058 0.154 5.502
(%) Difference(%) - 3.305 - - 0.254
Div2 High-tech Data 0.133 8.688 1.325 0.480 11.600
exports Projection 3.966 11.783 2.475 5.606 13.310
(%) Difference(%) - 1.070 10.509 - 0.346
ICT service Data 1.950 3.325 0.275 1.720 3.300
exports Projection 3.012 4.061 0.775 3.540 4.201
(%) Difference(%) 1.374 0.475 - 5.372 0.343
Journal Data 4.233 16.363 2.600 6.020 25.320
articles(%o) Projection 6.321  21.811 4858 8527 36326
Difference(%)  0.543 0.530 1.417 0.558 0.689
Div3 High-tech Data 0.133 8.688 1.325 0.480 11.600
exports Projection 2.259 11.076 1.715 3.009 16.006
(%) Difference(%) - 0.886 3.899 - 0.730
ICT service Data 1.950 3.325 0.275 1.720 3.300
exports Projection 3.516 4.313 0.697 3.342 5.484
(%) Difference(%) 1.432 0.568 - 2.439 0.985
Journal Data 4.233 16.363 2.600 6.020 25.320
articles Projection 7.160 18.819 3.848 8.585 34.019
(%) Difference(%)  0.669 0.306 0.849 0.487 0.509

Malmaquist index VRS output-oriented division 1

Table 14  Malmquist index VRS output-oriented division 1

2015->2017  2017->2019  2019->2021 Geometric mean

GCC Average 1.824 0.676 0.502 0.704
Stand dev. 2.183 0.639 0.309 0.448

Max 6.144 1.812 1.000 1.509

Min 0.323 0.106 0.126 0.262

Eastern Average 4.398 2.396 0.468 1.441
Europe Stand dev. 6.764 0.688 0.166 0.533
Max 21.041 3.116 0.852 2.669

Min 1.017 0.876 0.358 0.930
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Table 14  Malmquist index VRS output-oriented division 1 (continued)
2015->2017  2017->2019  2019->2021 Geometric mean
Central Average 1.389 1.232 0.750 1.030
Asia Stand dev. 0.398 0.737 0.251 0.251
Max 1.820 2.201 1.116 1.346
Min 0911 0.437 0.552 0.796
Africa Average 1.705 1.285 0.528 0.985
Stand dev. 1.858 1.244 0.583 1.041
Max 2.075 1.157 0.577 1.064
Min 2.260 1.195 0.571 1.101
Top ten Average 1.849 1.118 0.731 1.112
Stand dev. 0.641 0.235 0.184 0.093
Max 2.824 1.403 1.018 1.271
Min 1.057 0.762 0.518 1.013
Malmaquist index VRS output-oriented division 2
Table 15  Malmquist index VRS output-oriented division 2
2015->2017  2017->2019  2019->2021 Geometric mean
GCC Average 1.537 2.012 0.994 1.262
Stand dev. 1.288 1.451 0.351 0.457
Max 3.338 4.678 1.341 1.943
Min 0.280 0.971 0.483 0.792
Eastern Average 1.481 1.270 1.392 1.356
Europe Stand dev. 0.553 0.198 0.124 0.128
Max 2.809 1.583 1.567 1.603
Min 1.072 0.936 1.191 1.198
Central Average 1.639 6.879 0.686 1.663
Asia Stand dev. 0.683 9.460 0.493 1.347
Max 2.203 20.850 1.164 3.594
Min 0.686 1.000 0.092 0.573
Africa Average 2.207 1.092 1.397 1.381
Stand dev. 2.426 0.948 1.430 1.387
Max 2.075 1.069 1.373 1.394
Min 2223 1.102 1.475 1.470
Top ten Average 1.506 1.103 1.314 1.245
Stand dev. 1.282 0.108 0.183 0.249
Max 4.711 1.339 1.510 1.817
Min 0.721 0.962 1.009
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Malmaquist index VRS output-oriented division 3

Table 16  Malmquist index VRS output-oriented division 3

19

2015->2017  2017->2019 2019->2021 Geometric mean

GCC Average 0.718 0.685 0.781 0.679
Stand dev. 0.315 0.449 0.445 0.296

Max 1.111 1.298 1.397 1.093

Min 0.383 0.219 0.157 0.244

Eastern Average 1.069 1.019 0.846 0.960
Europe Stand dev. 0.229 0.126 0.202 0.099
Max 1.557 1.228 1.041 1.053

Min 0.841 0.798 0.457 0.804

Central Average 1.332 1.816 0.486 0.978
Asia Stand dev. 0.877 1.206 0.202 0.348
Max 2.598 3.494 0.676 1.358

Min 0.572 0.881 0.282 0.649

Africa Average 3.183 1.533 0.830 1.137
Stand dev. 1.514 1.658 0.924 1.053

Max 1.726 1.913 0.725 1.124

Min 1.881 1.889 0.803 1.177

Top ten Average 0.971 0.859 0.732 0.843
Stand dev. 0.070 0.178 0.185 0.121

Max 1.010 1.069 1.014 1.009

Min 0.841 0.574 0.530 0.671

Frontier-shift VRS output-oriented division 1

Table 17  Frontier-shift VRS output-oriented division 1

2015->2017  2017->2019 2019->2021 Geometric mean

GCC Average 1.518 0.710 0.595 0.845
Stand dev. 0.778 0.366 0.320 0.409

Max 2.835 1213 1.000 1.509

Min 0.598 0.295 0.310 0.414

Eastern Average 2.144 1.670 0.483 1.146
Europe Stand dev. 0.482 0.687 0.172 0.146
Max 2.731 2.530 0.731 1.367

Min 1.408 0.883 0.268 0.945

Central Average 1.844 0.793 1.253 1.120
Asia Stand dev. 0.937 0.382 0.603 0.265
Max 3.083 1.122 2.048 1.401

Min 0.807 0.258 0.634 0.796
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Table 17  Frontier-shift VRS output-oriented division 1 (continued)
2015->2017  2017->2019  2019->2021 Geometric mean
Africa Average 2.622 1.068 1.113 1.288
Stand dev. 2.736 1.076 0.740 1.176
Max 3.126 1.107 0.808 1.279
Min 2.479 1.120 0.770 1.159
Top ten Average 1.280 1.201 0.711 0.984
Stand dev. 0.553 0.182 0.199 0.109
Max 2.448 1.446 0.988 1.140
Min 0.608 0.923 0.334 0.775
Frontier-shift VRS output-oriented division 2
Table 18  Frontier-shift VRS output-oriented division 2
2015->2017  2017->2019  2019->2021 Geometric mean
GCC Average 2.294 1.052 1.736 1.502
Stand dev. 1.530 0.162 1.078 0.534
Max 4.005 1.374 3.844 2.416
Min 0.768 0.916 1.000 1.000
Eastern Average 1.267 1.164 1.559 1.304
Europe Stand dev. 0.317 0.221 0.135 0.110
Max 1.767 1.583 1.793 1.541
Min 0.925 0.892 1.445 1.176
Central Average 1.258 6.022 1.112 1.675
Asia Stand dev. 0.721 9.886 0.137 1.291
Max 2.203 20.850 1.295 3.594
Min 0.486 1.000 1.002 0.822
Africa Average 1.723 1.516 1.732 1.377
Stand dev. 1.868 1.704 1.398 1.402
Max 1.996 1.302 1.503 1.365
Min 1.651 1.492 1.533 1.397
Top ten Average 1.142 1.019 1.499 1.235
Stand dev. 0.329 0.111 0.250 0.139
Max 1.926 1.126 1.915 1.515
Min 1.007 0.812 1.133
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VRS output-oriented division 3

Table 19  Frontier-shift VRS output-oriented division 3

2015->2017  2017->2019 2019->2021 Geometric mean

GCC Average 0.621 0.670 1.066 0.723
Stand dev. 0.488 0.328 0.280 0.311

Max 1.492 1.058 1.616 1.143

Min 0.158 0.241 0.809 0.417

Eastern Average 0.955 0.932 0.996 0.956
Europe Stand dev. 0.121 0.098 0.194 0.102
Max 1.090 1.030 1.305 1.055

Min 0.742 0.798 0.629 0.799

Central Average 1.050 0.787 1.675 0.940
Asia Stand dev. 0.603 0.187 1.898 0.187
Max 1.835 1.000 4518 1.203

Min 0.385 0.589 0.573 0.793

Africa Average 0.924 0.786 1.497 0.941
Stand dev. 0.879 0.807 0.981 0.835

Max 0.982 0.768 0.977 0.858

Min 0.964 0.837 0.999 0.884

Top ten Average 0.984 0.846 1.044 0.952
Stand dev. 0.146 0.143 0.164 0.096

Max 1.213 1.015 1.273 1.025

Min 0.679 0.596 0.722 0.750

Catch-up VRS output-oriented division 1

Table 20  Catch-up VRS output-oriented division 1

2015->2017  2017->2019  2019->2021 Geometric mean

GCC Average 1.271 1.027 0.831 0.836
Stand dev. 1.541 0.686 0.304 0.285

Max 4382 1.981 1.236 1.119

Min 0.304 0.106 0.408 0.360

Eastern Average 2.661 1.566 1.029 1.276
Europe Stand dev. 4973 0.611 0.309 0.517
Max 14.942 2.660 1.541 2.463

Min 0.538 0.962 0.507 0.850

Central Average 0.887 1.571 0.702 0.943
Asia Stand dev. 0.459 0.407 0.312 0.220
Max 1.537 1.963 1.000 1.086

Min 0.537 1.000 0.269 0.618
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Table 20  Catch-up VRS output-oriented division 1 (continued)

2015->2017  2017->2019  2019->2021 Geometric mean

Africa Average 1.039 1.229 0.830 0.915
Stand dev. 1.155 1.184 0.979 1.021

Max 1.190 1.056 0.870 0.946

Min 1.392 1.082 0.922 1.041

Top ten Average 1.888 0.942 1.075 1.143
Stand dev. 0.725 0.188 0.332 0.116

Max 2.982 1.179 1.619 1.307

Min 1.000 0.552 0.635 1.000

Catch-up VRS output-oriented division 2

Table 21  Catch-up VRS output-oriented division 2

2015->2017  2017->2019  2019->2021 Geometric mean

GCC Average 0.658 1.981 0.665 0.854
Stand dev. 0.278 1.485 0.303 0.192

Max 1.000 4.678 1.113 1.112

Min 0.280 0.707 0.349 0.666

Eastern Average 1.172 1.117 0.900 1.040
Europe Stand dev. 0.269 0.232 0.117 0.051
Max 1.683 1.493 1.000 1.124

Min 0.836 0.738 0.664 0.982

Central Average 1.779 1.756 0.653 0.984
Asia Stand dev. 1.646 1.511 0.512 0.352
Max 4228 4.022 1.161 1.474

Min 0.686 1.000 0.080 0.698

Africa Average 1.706 1.738 1.088 1.132
Stand dev. 1.824 1.458 1.234 1.142

Max 1.507 1.731 1.085 1.200

Min 1.737 1.559 1.175 1.272

Top ten Average 0.956 1.100 0.891 1.013
Stand dev. 0.839 0.241 0.143 0.215

Max 3.257 1.648 1.000 1.534

Min 0.665 0.854 0.648 0.865
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Catch-up VRS output-oriented division 3

Table 22 Catch-up VRS Output-oriented Division 3

2015->2017  2017->2019  2019->2021 Geometric mean

GCC Average 2.001 1.103 0.757 0.998
Stand dev. 2.467 0.553 0.456 0.488

Max 7.022 1.746 1.397 1.915

Min 0.669 0.219 0.165 0.548

Eastern Average 1.138 1.105 0.855 1.006
Europe Stand dev. 0.300 0.186 0.171 0.058
Max 1.771 1.462 1.000 1.134

Min 0.801 0912 0.603 0.948

Central Average 2.317 2.590 0.471 1.063
Asia Stand dev. 2.980 2.000 0.273 0.445
Max 6.749 5.151 0.809 1.713

Min 0.312 1.000 0.142 0.762

Africa Average 3.023 2.253 0.877 1.228
Stand dev. 1.621 2.439 1.035 1.263

Max 1.696 2.850 0.857 1.321

Min 1.858 2.458 0.951 1.349

Top ten Average 0.992 1.023 0.713 0.885
Stand dev. 0.209 0.206 0.195 0.076

Max 1.429 1.442 1.000 1.000

Min 0.693 0.780 0.469 0.777

Table 23  Projection link

Eastern Central .
2021 GCC Europe Asia Africa Top ten

Average  Average Average Average Average

Divl Citable Data 10.383 24.388 3.450 13.080 57.600

documents Projection 9.594  20.558 3450 11501  48.620
H-index
(%) Difference(%)  (0.040)  (0.103) - (0.118)  (0.123)

Table 24 shows projection carry-over which is the fixed assets variable in the last period
carry-over in 2021 in stage one and two. In the GCC region, the average was 2.117 in
division one. So, there is no need to increase the variable in division one. In stage two,
the average was 2.117 and the projection was 3.069. Hence, it must increase by 60.4%.
However, in the Eastern European region the variable should increase 3.6%. While in the
Central Asian region there is no need to increase the variable. In the African region in
stage one, the average was 3.580 and the projection was 4.114. This variable must be
increased by 45.8% to improve performance. In stage two the average was observed as
3.580 and the projection was 4.788. Hence, the variable must increase by 72.8% to
improve it.
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Table 24  Projection carry-over

Eastern Central

2021 GCcC Europe Asia Africa Top ten
(c’]ﬁj;}—) 5":2(;)6[ Average  Average  Average  Average  Average

Divl  Fixed Data 2.117 8.575 0.850 3.580 21.460
assets projection 2.117 8.801 0.851 4114 21.936

(%)  Difference (%) - 0.036 - 0.458 0.027

Div2  Fixed Data 2.117 8.575 0.850 3.580 21.460
assets projection 3.069 9.525 0.915 4788 22.796

(%)  Difference (%) 0.604 0.114 - 0.728 0.083

To identify if there exists a difference in performance of RIS (efficiency score) before
and during COVID-19, a Mann-Whitney U test was computed as shown in Table 25.
Analysis shows relative variations between the two-time intervals.

Table 25  The impact of COVID 19 on the efficiency of RIS Output oriented DEA model:
Mann-Whitney test

RIS stage Sample size Mean rank Mann Whitney U Z-value

Stage one Before 30 20.72 143.5 —-0.203
During 10 19.85 134.00

Stage two Before 30 21.03 -0.500
During 10 18.90 145.00

Stage three Before 30 20.33 —0.156
During 10 21.00

5 Conclusions

The key conclusions with respect to innovation policy and ecosystem of innovation may
be summarised as follows:

5.1 The ecosystem and enablers of RIS

This research shows that ecosystem is key in shaping the trajectory on innovative regions.
The analysis shows that the key enablers of RIS include ICT infrastructure, investment in
human capital and R&D and legal and institutional setup. There is a shift in the
perception and metrics of innovation systems due to global competition and the transition
from an internal knowledge base of companies to the global distributed knowledge base,
global value chains and foreign direct investment. In a distributed knowledge base,
innovation and knowledge density are taken as embodied knowledge as reflected in
machinery and equipment, or as intermediate inputs (components and materials) in
production processes. Besides, knowledge flows within the knowledge base distributed
between industries are likely to occur with very different degrees of R&D intensity
through linkages between synthetic and analytical knowledge bases as in the food and
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biotechnology industry since value chains are located within the region, involving
synergy between SMEs.

5.2 RIS efficiency in selected of countries in transition

This research reveals an innovation paradox where regions with limited inputs were able
to achieve better innovation outputs than regions with high innovations inputs. RIS
efficiency ranking using data from the 2014-2021 identify regions with high investment
in high-tech related activities as ‘leading’ regions. The RIS indicators, in terms of
efficiency and productivity, demonstrate that RIS are widely under-exploited in Africa
and Central Asia due to lack of enabling environment and culture of innovation. Results
reveal that regions with fewer resources devoted to innovation achieve outstanding levels
of efficiency and regions with sound innovation systems do not show high efficiency
levels. Regions like GCC and Eastern Europe devoted large amounts of resources to
R&D and innovation are the regions which enjoy sound ecosystem of RIS. On the other
hand, regions like Eastern Africa which have limited resources achieve better results in
terms of efficiency. Research showed that the higher a region’s technological level, the
greater the need is for coordination of the innovation system as argued by Georghiou
(2001).

This study found that regions with limited synergy across sectors RIS efficiency were
low compared with other regions with similar investments in innovation inputs based on
GII including R&D and FDI.

It is observed that some regions are ranked as limited or moderate in stage one
innovation efficiency in the input-oriented model, but they become high or limited in
stage two. This means that some regions invest in R&D, but the outcome is limited. On
the other hand, some regions can transform R&D into products and services (high stage
efficiency in stage two). This implies that some regions can leapfrog and catch up in
innovative performance due to shifts in policies and investment priorities.

5.3 Policies to foster RIS innovation of countries in transition

National innovative capacity focuses on investment and policy choices by the
government and the private sector to foster innovation performance. Key policies include
IP protection and openness to international trade and human capital investment in science
and engineering which are critical for enhancing efficiency of innovation. Moreover,
inputs devoted to innovation such as R&D expenditure and human capital contribute to
enhance efficiency of RIS. However, regions won’t catch the wave of financial potential
outcomes unless the ecosystem of innovation is adequate. A nation like Estonia has seen
quick improvement with quick economic development (Iammarino et al., 2017).

In stage one, the productivity has risen for the African region from 0.928 to 1.173 in
stage two. However, overall, productivity was observed as declining to 0.641. African
nations contribute an extremely low number of articles, even though Kenya shows up in
the positioning in the 48th position (Merigo et al., 2016). This study shows that in the
Input-oriented model, the best average was the Central Asian region since its average was
0.872 which was observed as a moderate indicator, but it was ranked the highest region
among all in the input-oriented model.
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6 Policy implications and recommendations

The analysis of RIS indicators reveals that a set of factors contribute to the RIS
ecosystem. The research shows the value of ensuring an interactive learning process to
enable regions to make a transition from being innovative adopters to producers. The
input in RIS efficiency, like R&D expenditures and human capital, are key to improving
innovation indicators. Hence, countries should invest in capacity building and upgrading
skills to create knowledge.

Research shows that funding is likely to be allocated to regional economies with
competitive regional clusters. The argument is that global funding and FDI favor nations
and regions where high performance locational and production assets exist. The key
conclusion was that as economic co-ordination becomes globalised the key dynamics
within firms in industrial clusters become regionalised. In evolutionary economics, firms
are differentiated entities since they harness knowledge as key input for their production.
The future of the region’s companies depends more and more on their capacity to
establish global links to form competitive advantage by adopting incremental innovation
to foster knowledge diffusion and learning.

RIS efficiency analysis reveals that the innovation system is an open system that is
the result of social interaction and consists of elements that interact in production,
dissemination, and growth of new knowledge. Hence, sustaining a learning culture
requires adequate institutions to ensure having ‘learning institutions’ and avoid ‘lock-in’.
This research shows variations in RIS efficiency and productivity due to the differences
in the balance between FDI and large or small firms within the region. Regions in
transition in this research are characterised by a concentration of pools of skilled labour
and relative expenditure on R&D.

The analysis showed the importance of education in the innovation process. However,
the question of how labour markets and human capital function within the RIS requires
deeper investigation. One area of future research would be examining the role that human
capital plays in shaping the absorptive capacity and performance of innovation.
Practically, the possibility of attracting human capital to a particular location depends on
market and policy conditions.

Specifically, for the GCC region, an investment was made to establish many
universities to support innovation since universities are vital in facilitating knowledge
transfer and fostering the innovative capacity of a region. The research recommends that
regions in transition should enhance the innovative national capacity to produce and
commercialise technologies. National innovative capacity focuses on a series of
investment and policy choices by the government and the private sector that influence the
incentives for research development and marketing activities in a country, which
influence productivity. It was found that public policy is critical in determining the
national innovative capacity. Therefore, policies for IP protection and openness to
international trade and human capital investment in science and engineering are critical
for enhancing innovation efficiency. Moreover, inputs devoted to innovation such as
R&D expenditure and human capital contribute significantly to developing the innovation
capacity of a country or a region.
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7 Contribution to innovation policy

This research contributes to innovation policy reform for regions in transitions. It sheds
light on how regions can catch up or leapfrog by proper investment in R&D and
innovation inputs. Also, it shows the impact of globalisation on RIS efficiency. It showed
that due to increased competition from the globalising economy there was a need to
reform industrial policies in high-income countries like GCC, Central Asia, and Eastern
Europe to be competitive. This research also contributes to practical application to
enhance conditions of innovation for SMEs. This is in line with Asheim et al. (2003) who
argued for the need for a more oriented system and pro-active innovation-led regional
policy for SMEs. Hence, it is recommended that cooperation should be organised among
the three actors of the triple helix, i.e., industry, university, and government to support
creative environments and linkages of SMEs with R&D entities and a developing
innovation oriented public sector. This research informs innovation policy in regions in
transition like GCC which adopts diversification policy to make a shift to knowledge
economy by adopting an entrepreneurial regional innovation system (ERIS) through
different types of RIS like interactive network RIS and the globalised RIS.

This study revealed an innovation policy paradox which showed that regions with
lower inputs have better innovation efficiency in outputs than regions with higher inputs.
This implies that there is a need for deeper analysis of other contextual factors and
dynamics that are not captured in GII.

8 Limitations of the study

The main limitations include the limited sections of regions in transitions and limited
time frame. Also, GII is based on secondary data and future research may adopt mixed
approaches to gain insights on the complex factors that contribute to RIS efficiency.
Besides, the recommended policies are contextual and cannot be replicated. RIS
efficiency analysis reveals that the innovation system is an open system that requires
adequate institutions to ensure having ‘learning institutions’ and avoid ‘lock-in’.

9 Future research

Future research may explore other regions in the developed nations like OECD and
BRICS and assess efficiency with respect to SDGs like emerging technologies, food
security, sustainability and climate change. Besides, future research may address the
efficiency of small units of analysis including smart cities or industrial or financial zones.
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