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Abstract: Innovation capacity is a dynamic capacity linked with the achievement of competitive
advantage. Several mechanisms have been proposed to evaluate this capacity. However, developing
innovation capacity is a complex process, particularly for developing countries, due to the intricacy
of its determinants. Hence, this research analyzes the interlinkages between the key determinants
driving this capacity to further propose a continuous path for its growth. A comprehensive review of
the literature regarding assessing mechanisms for innovation capacity was conducted, which included
14 key innovation determinants. From a contextual and systematic approach, interpretive structural
modelling was employed to determine the interlinkages of these determinants and classified as
drivers or dependent. Ten levels or steps were drawn from level partitioning of the final reachability
matrix. The results show the relevance of promoting and protecting innovation and intellectual
property as the ground to develop this capacity. In addition, R&D investment and university—
industry collaboration contribute to the consolidation of innovation systems. Utility models, patents,
trademarks, and institution prominence are the result of this loop of innovation capacity development.
From these findings, policymakers, practitioners, and scholars can draw a sustained roadmap to
enhance this dynamic capacity in their countries.

Keywords: innovation capacity; innovation determinants; interpretive structural modelling (ISM);
developing countries; roadmap; university—industry collaboration

1. Introduction

Innovation is an intrinsic capacity of humankind, enabling the adaptation to changes
and managing probable solutions to problems regarding its welfare or its surroundings [1,2].
It constitutes a key driver of sustainable growth [3-5]. Moreover, innovation capacity is
among the dynamic capacities leading to achieving a competitive and sustainable advan-
tage [6-14]. Hence, by adopting innovative and R&D practices, a country might enhance
its growth and competitiveness, particularly for a developing country [15,16]. In addi-
tion, it encompasses diverse perspectives, e.g., organizational capacity [11,17,18], public
capacity [19-21], regional capacity [14,20,22], national capacity [23-25], among others.
Therefore, many public and private organizations have focused their efforts on identifying
and quantifying the variables that determine the innovation capacity of a country. Various
mechanisms have been proposed to assess this capacity [11,22], such as the national innova-
tion capacity [23], Global Innovation Index (GII) [26], Global Competitive Index (GCI) [27],
or European Innovation Scoreboard (EIS) [28]. These mechanisms aim at providing an ob-
jective measurement of the performance of a country regarding innovation capacity [23,26]
or innovation as a means to competitiveness [27]. Each one of these presents a particular
set of determinants, methods, and interpretations to assess innovation.
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Several studies have analyzed the role, impact, and performance of several determi-
nants of innovation capacity [14,20,21,29-36] (also see Section 2). However, the studies
in this field are highly dispersed, and only a few of them consider a prominent set of
determinants [11,19,21,25,37]. In addition, when designing policies and actions to promote
innovation and R&D, it may become overwhelming to include every determinant pro-
posed in the literature and diverse entities, especially for a developing country dealing
with various lacks and limitations. Thus, the main purpose of this research is to identify
and analyze the relations between the key innovation determinants related to the inno-
vation capacity of a country, regarding a developing country perspective, represented by
the experts consulted for this work. To achieve this purpose, an interpretive structural
modeling (ISM) approach is conducted as a qualitive method to determine the contextual
linkages between the identified key determinants to further develop a contextual hierarchy
of them and provide a better understanding of their impact on the innovation capacity
of a country. With this in mind, this study addresses the need of clarifying the following
research question: which are the key determinants affecting the development of innovation
capacity in a country and how are they correlated to each other? This research endeavors
to contribute to both the academy and practitioners by proposing a systematized roadmap
to develop innovation capacity.

The remainder of this paper is structured as follows. Section 2 presents the background
from the literature review for identifying the innovation determinants included in this
study. Section 3 introduces the ISM approach as the method used in this study to identify
the contextual linkages between the determinants. Section 4 provides the results and
discusses their implications. Finally, in Section 5, the conclusions, limitations, and future
research are outlined.

2. Literature Review

The capacity of a nation to innovate is defined as “the ability of a country—as both a
political and economic entity—to produce and commercialize a flow of new-to-the-world
technologies over the long term. National innovative capacity is not the realized level of
innovative output per se but reflects more fundamental determinants of the innovation
process” [23] (p. 900). Several agents and factors, including policymakers, industry decision-
makers, researchers, governments, universities, legal frameworks, financing sources for
R&D, and openness to international trade and investment, among others, fashion the
complexity of innovation systems of a country [19,20,38]. Furthermore, countries reflect
different degrees of innovation capacity as products of “economic geography” and “cross-
country innovation policy” variations [5,23,39,40].

Due to the complexity of innovation systemes, it is an intricate process to assess the
capacity of a nation to be innovative. Hence, various organizations and scholars propose
mechanisms to evaluate this capacity. Three main mechanisms are included in the present
research. First, Furman et al. [23] introduced a framework to measure national innovation
capacity (NIC). The authors proposed a mathematical model applicable to member coun-
tries, which estimates national innovative productivity based on the analysis of multiple
variables taken from various sources (e.g., OECD’s database, US Patent and Trademark
Office (USPTO), and International Institute for Management Development (IIMD)). The
model systematizes the variables into four groups: quality of the common innovation
infrastructure, cluster-specific innovation environment, the quality of linkages between the
two aforementioned, as well as contributing and related outcomes factors.

Second, the World Intellectual Property Organization (WIPO) published the first
edition of the Global Innovation Index (GII) in partnership with Cornell University and
INSEAD in 2007 [26,40]. The latest edition of GII, published in 2021, includes two sub-
indexes, which, in turn, group seven pillars [39]. The first sub-index, Innovation Input
Sub-Index, comprises the pillars of institutions, human capital and research, infrastructure,
market sophistication, and business sophistication. The second, Innovation Output Sub-
Index, groups the pillars of knowledge and technology outputs, and creative outputs.
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Third, the World Economic Forum presented the Global Competitiveness Index
(GCI) [27] in 2004, with a focus to “[identify] and [evaluate] the factors that underpin
the process of economic growth and human development” [41] (p. 8). GCI 4.0, its latest
version, ranks countries’ competitiveness considering 98 indicators, where 64 are new in
relation to the previous version [42]. These indicators are organized into twelve pillars
grouped in four categories. Enabling environment assesses four pillars: institutions, infras-
tructure, ICT adoption, and macroeconomics stability. Human capital includes health and
skills. The category of markets evaluates product market, labor market, financial system,
and market size. Innovation system, the last category, comprises the pillars of business
dynamism and innovation capacity. This last pillar qualifies and quantifies the capacity
of a country’s environment to encourage creativity, connectivity and collaboration, the
formal research and development, and its ability to transform ideas into new products
and services.

For the purpose of this research, a systematic literature review was conducted to
analyze fourteen innovation determinants [43]. These determinants are the result of com-
paring NIC, GII, and GCI 4.0 (mainly considering the 12th pillar, innovation capacity).
The determinants included correspond to the intersections between the three indexes [44].
Table 1 presents the description of the determinants included in this study.

Previous studies have highlighted the positive impact of openness to international
trade and investment on the innovation of a country and local industry (see Table 1). Its
scope extents to the development of international policies and programs put in place
for achieving the benefits from regional integration, social capital spillovers, and export
specialization [23,29,39,50,51]. Allard and Williams [50] conducted a study to examine the
national level of innovation considering two paths: international orientation (i.e., trade
arrangements, inward migration, and export specialization) and domestic orientation
(i.e., education, financial inclusion, and control of corruption). Through an exploratory
analysis with a sample of 39 African countries, the authors found that low-income countries
enhance their national level of innovation by adopting an international orientation, while
relatively higher-income countries with a domestic orientation have a higher national level
of innovation. Furthermore, in a study conducted by Adikari et al. [29] in Sri Lanka, the
authors concluded that, although a firm should locally focus their efforts on development
and research to build innovation capacities, the main motivation for attracting foreign direct
investment by firms in developing countries should be to obtain advanced technology.

Sourcing the founding for R&D is also a key determinant to develop innovation
capacity. Innovation may result among the expensive undertakings, although necessary, to
compete in a highly dynamic environment. Moreover, “expenditure on R&D reflects the
nation’s absorptive capacity and represents innovation efforts” [29] (p. 6). Different public
(i.e., governments) and private entities constitute the source to found the expenditures on
innovation and R&D [45,49,59,86,112]. Private industry is largely responsible for providing
the financial resources for disruptive innovation [59]. Choi et al. [33] studied, from a system
dynamics approach, a sequence of feedback causal linkages where R&D investments
generate exchanges between entities of technological innovation, new knowledge stocks,
and enhancing “technological knowledge triggers”, driving the firm profits through the
process of commercialization. R&D investments generate R&D knowledge regarding new
products, which improves market performance by introducing innovate products. This
may be seen as a direct and positive impact of R&D investment on performance. One of
the authors’ findings is that an intensive investment strategy for product innovation has a
higher positive effect long-term on a firm’s revenue than a process-innovation-intensive
strategy. They conclude that a firm should offer innovative products, fulfilling the needs of
their customers as a means to achieve a competitive advantage.
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Table 1. Innovation determinants based on NIC, GII, and GCI 4.0.

Code

Indicator

Description

References

D1

Openness

Corresponds to the impact of international trade (e.g., high-tech exports,
ICT imports) and investment (e.g., FDI, venture capital, market
capitalization) on the innovation capacity of a country. This includes
the extent to which regulations, policy, and tariffs stimulate, facilitate,
or prevent international trade or investment from affecting the R&D in
a country.

[23,29,33,39,45-55]

D2

GERD private industry

Refers to R&D expenditures funded and performed by private industry
and businesses.

[5,14,17,23,31,32,39,56—66]

D3

Full-time R&D personnel

Refers to the full-time R&D engineers, scientists, and professionals
engaged in the creation and conception of new knowledge in all sectors.
R&D professionals develop, enhance, and research theories, models,
methodologies, software, instrumentation, or operational techniques.

[11,22,23,39,51,54,63,67-78]

D4

Promotion & protection for
innovation/IP

Alludes to the strength and extent to which a country promotes and
protects intellectual property (IP). This includes the policy framework
promoting and protecting IP rights, as well as innovation.

[23,41,48,61,79-81]

D5

R&D performed by
universities

Includes all expenditures funded and performed by universities to
R&D activities.

[23,31,32,56,62,82-84]

Dé6

Utility models

Refers to a special form of patent right. To grant a utility model, there
are slightly different conditions and terms from those for regular
patents. The terms include a briefer period for protection and less rigid
patentability requirements.

[39,45,48,74,81,85]

D7

Gross expenditure on R&D

Consists of both public and private capital and current expenses for
R&D work performed systematically to advance knowledge and its
usage for new applications. Hence, GERD refers to the “total domestic
intramural expenditure on R&D during a given period as a percentage
of GDP”. “Intramural R&D expenditure” is all expenditure for R&D
funded within a sector of the economy or statistical unit during a
particular period, without considering the source of funding [39]
(p. 186).

[14,23,29,32,39,48,49,51,54,62,
66,70,84,86,87]

D8

Multi-stakeholder R&D
collaboration

Refers to the extent to which universities and businesses perform R&D
activities in collaboration. Includes the sharing efforts to develop new
ideas, models, concepts, theories, and methods.

[11,14,20,31,36,39,41,51,58,62,
63,65,69,78,82,88-95]

D9

Expenditure on education

Corresponds to all the share of GDP expenditure on higher education,
including secondary and tertiary education. It comprises spending
financed from abroad sources to the government.

[23,29,39,50,66,96-98]

D10

University /research
institution prominence

Refers to the standing and prominence of public and private research
institutes, universities, corporative entities, and government agencies.

[25,39,41,88,99-103]

D11

State of cluster development

Alludes to the extent to which innovation clusters are widespread. It
includes the degree of development and deep clusters (i.e., geographic
concentration of producers of services and products, suppliers, firms,
and institutions in a specialized field). Moreover, considers the
relationship between government, industry, and universities to enhance
innovation and creativity.

[17,21,22,31,32,38,39,41,58,64,
65,71,72,78,88-91,95,104-106]

D12

Co-inventions

Refers to the patent family applications with co-creators
located overseas.

[32,35,39,41,58,69,72,88,105,
107,108]

D13

Scientific and technical
patents/articles

Includes patents and citation of patents registered by the industry or
universities, as well as in collaboration between them both. It also
includes citations of patents in scientific articles.

[31,32,39,41,51,58,69,74,82,85,
88-90,93,104,109,110]

D14

Trademarks applications

Owners of particular products or providers of particular services create
a sign to distinguish their products and/or services from those of
the competition.

A trademark may include images, names, logos, slogans, figures, words,
numbers, moving images, and sounds, which can stand by themselves
or in combination.

To register a trademark, owners are subject to the procedures and
legislation of regional and national IP offices. The rights of a trademark
are limited to the IP office jurisdiction where it was registered. To
register a trademark, the owner can file an international application
through the Madrid System or at the national or regional office.

[39,41,52,79,111]
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Research institutes, universities, and firms need skilled personnel to perform inno-
vation and R&D activities, leading to effective innovative results, such as innovative new
products, processes, patents, trademarks, among others [23,67,113]. Full-time R&D person-
nel should focus their efforts on actively producing new innovative ideas and introducing
performance measures and innovation targets into daily operations. It is necessary to prop-
erly train and allocate R&D personnel to support innovation and R&D activities [57,114].
The firm requires to invest in its human capital. Its personnel need to support and manage
R&D in-house as well as outsiders, such as universities and research centers, to enhance
innovation systems [67,115]. Thus, the collaboration of the personnel with external pairs
will improve benchmarking opportunities and provide cost advantages [78].

Innovation is a risky and proactive undertaking. Its achievement provides a com-
petitive advantage for the firm, as well as for the country hosting such an undertaking.
It demands human capital, financial sourcing, and technology, among other elements,
to endeavor. Hence, it is important to provide the proper promotion and protection of
innovation and R&D activities. Holmes et al. [116] conducted an empirical study to identify
the factors affecting foreign firms on their decision to establish R&D centers in China. The
authors noted that, on this decision, the host country and the foreign firm benefit. Their
research found that industry investment, IP protection, and target industry growth have
a significant impact on the decision of foreign firms when considering to establish a new
R&D center in China. Strong IP protection and high industry growth play a positive role
in attracting foreign R&D investment. Furthermore, the authors found that the level of IP
protection bends the effect of industry innovation investment, i.e., higher levels of protec-
tion have a positive impact on foreign R&D investment and vice versa. Similar findings
point to the importance of promoting and protecting innovation and R&D undertakings as
a means to enhance innovation capacity [61,64,80].

A large amount of innovation and R&D projects are performed by universities but
funded by an external entity due to the capacity to collaborate with the private industry,
governments, etc. [32,82,93,109]. Fabrizi et al. [51] analyzed the difference regarding the
impact of EU-funded framework programs on the generation of new knowledge (patents)
across public research centers, universities, and private firms. The authors found that all of
these entities benefit from joint projects with this form of external investment. However,
the findings showed that, while the private firms benefit less, most of this benefit goes to
public research centers and universities. Further evidence also showed the importance
of participating in international research projects and including international innovation
researchers to enhance the absorptive capacity to maximize the benefit from cooperating in
international R&D projects.

Utility models are a special form of patent right for inventions [117]. Likewise, to
patents, they protect the intellectual property for a limited period of time. However, utility
models have a different scope. Patents involve non-obviousness, invention, and novelty.
Utility models may oversee inventiveness. Hence, while the process to register a patent is ex-
pensive and exhaustive, the process to grant a utility model is more flexible and affordable.
However, they enhance the performance of a firm by promoting technical learning on the
way to achieving a patentable innovation. Hence, many countries, particularly developing
countries, consider utility models as an accessible path to innovation [45,81,85,118].

Human capital is a critical factor for innovation and economic growth [97]. Education
and its efficient allocation drive the development of human capital. Hence, the expenditure
on education is a key indicator of human capital development [29,98]. Education expendi-
ture should be oriented to train skilled personnel to perform diverse tasks according to the
requirements of a firm or a country [31].

Multi-stakeholder R&D collaboration plays a key role in developing innovation capac-
ity. Particularly, the key role of university—industry collaboration on driving innovation
capacity and economic growth is largely recognized [5,32,87]. A particular contribution of
this close collaboration is the benefit of knowledge and technology transfer [58,74,82,93],
encouraging multi-disciplinary research projects [32,88,92]. As the relationship between
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universities, industries, and other entities within an innovation system becomes stronger,
the participants in the system engage in further formal linkages, shorten the geographical
distance, and develop further innovation mechanisms, enhancing the state of the innovation
cluster [58,74,88,89,92,105]. The innovative synergy performed by these clusters contributes
to strength innovation systems and plays a key role in knowledge management [82].

University/research institution prominence depends on the quality of academic re-
search, patent expenditure, composition of the academic staff, international orientation,
student ratio, and employer reputation [39,41,119,120]. Prominence also refers to the rele-
vance of the institution in a given research area. This has a positive impact when engaging
in research collaborations, as well as on achieving co-inventions, co-publications, and
scientific absorptive capacity [58,88,95,99].

Co-inventions and co-creations are the result of collaborative R&D efforts among
multiple stakeholders sharing innovative goals [32,58,88,95]. Hence, the state of the cluster
and the prominence of the collaborative ties have a positive impact on the value co-creation
processes that achieve innovation results [58,107,108,121]. This is particularly significant
in developing countries to cope with limited resources [45,81]. Hence, it is important to
develop adequate strategies to effectively choose partners to achieve the desire innovation
goal and gain a mutual benefit [72,93].

Scientific and technical patents and articles, including citations of patents, are largely
considered as a measure of innovation capacity [11,14,23,45,81]. The quality of patenting
is the result of effective collaboration between industry, university, and /or research insti-
tutes [32]. It also depends on the access to financial support to sustain the R&D process
related to developing a patent [36,58,82]. Hence, the state of the cluster has a significant
impact on the knowledge structure necessary to develop the patent landscape and patent
portfolios [31,110].

Finally, trademark applications are related to IP rights. Entities invest in developing a
brand, image, and message to be identified by the market in a unique way [79]. It requires
innovative and creative capacities to create an attractive and effective trademark [122].
Hence, a fitting innovation system is necessary to stimulate the development and protec-
tion of such efforts and investment in mark creation and the commercialization of new
inventions [52,79,111]. In addition, value creation is related to the capacity of managing
and marketing technology patents [79] as a means to develop dynamic capabilities and
capacities to create a competitive innovative advantage [6,12,123].

3. Methods

As mentioned, innovation systems are complex. Dealing with complex issues or
systems encompasses various challenges, mainly due to the several elements to consider
and the relationships between those elements. Furthermore, the structure of the linkages
between the elements of the system may not be clearly framed, which increases the compli-
cations to manage such a system. Hence, the Interpretative Structural Modeling Technique
(ISM) constitutes a methodology serving to define the structure of a system [124]. ISM
is an interactive learning process for systematically modeling that assists researchers to
define tiers of elements or variables and the structural correlation between them according
to the nature of the relationships within a specific system by which the unclear structure
is translated as a well-defined and visual model [125,126]. Warfield [127] introduced this
methodology to study the complexity of social and economic systems. To explore any
complex issue or system, it is necessary to identify and link a set of various variables with
that issue or system. Indeed, establishing the direct and indirect relationships between the
variables enables to provide a more precise description of the system than by considering
each variable by itself. Furthermore, ISM allows identifying correlations between the
variables in contrast with alike qualitative methodologies, such as the Analytic Hierarchy
Process (AHP) (which only allows a pair-wise comparison between the elements of the
system and rates them) [128].
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ISM is the main methodology used among numerous studies in the areas of (1) supply
chain and logistics management [128-131]; (2) policymaking [132,133]; (3) governance [132,134];
(4) information management [135,136]; (5) research management [124,137]; (6) safety, health,
and environment management [46,133,138]; (7) manufacturing system [139-142], among
other fields of research.

Warfield [127] introduced a methodology that allows displaying the elements and
linkages inside a system in a holistic fashion. ISM is a systematic application of notions from
Boolean algebra and graph theory, which provides a conceptualized and computational
hierarchical graphical representation of the intricated structure and contextual linkages in
a system [126]. ISM is used to achieve logical and systematic thinking for approaching a
complex matter under study [124]. Thus, this methodology provides the means to model
the structure of the innovation determinants under consideration and their relationships to
identify their impact on an innovation system. ISM involves various steps, as shown in
Figure 1.

Identify list of determinants
for modeling the innovation
capacity of a country

Literature review on
Innovation capacity

Interviews with experts
for input

Developing initial
reachability matrix
(IRM)

Defining contextual linkages
among variables (i, j) Xij

Achieving a structural self-
interaction matrix (SSIM)

Necessary
modification

Identify transitivity

v

Developing final
reachability matrix
(FRM)

dependece powers

[ 11

Diagram of driving and ‘

Partitioning FRM into
various levels

v

Developing a canonical
form of FRM

v

Develop diagraph

Yes

Identify any conceptual
inconsistency?

Developing ISM for
innovation capacity
determinants

Figure 1. Summary of ISM methodology.

3.1. List of Determinants for Modeling the Innovation Capacity of a Country

First, it is necessary to identify the key determinants pertinent to the study. This
involves a comprehensive literature review on the issue, as well as interviewing, surveying,
or conducting group problem-solving methods with experts. For this study, a system-
atic literature review (see dataset Novillo et al. [43]), including the period from 2015 to
2021, was conducted to analyze the main innovation determinants identified [44] from
NIC [23], GII [39], and GCI 4.0 [42]. This period was selected due to the increase in the
relevance of innovation capacity during the last decade and considering the modifications
of the indexes under study during the last five years. Several studies were examined to
understand the impact of innovation determinants on innovation systems and subcon-



Sustainability 2022, 14, 6686

8 of 20

sciously on the innovation capacity of a nation. Furthermore, a series of interviews (see
datasetNovillo et al. [143]) were conducted among 12 scholars and 14 experts in the pro-
ductive sectors related to the areas of innovation, research, and transference. The interviews
aimed to identify their perception of the national innovation capacity and the innovation
determinants. The participants represented Latin American countries, mainly Ecuador,
classified as developing countries. For the present work, the relationships between the
14 innovation determinants require to be structured in a calculated pattern. Hence, it is
necessary to establish the contextual relationship between the innovation determinants to
identify in the first instance each pair of variables. Interviews with the experts from the
industry and academia provide the ground for the direction of the relationships between
the variables recognized from the systematic literature review (Table 1).

3.2. Structural Self-Interaction Matrix (SSIM): Defining Contextual Linkages

Developing a structural self-interaction matrix (SSIM) is the second step of the ISM
methodology. SSIM matrix presents the pair-wise links between the variables included
in the system. The contextual linkages are in two directions: “influence to” or “led by”.
Hence, it is necessary to determine the directions of all pair-wise variables (i and j), which
are denoted as follows:

(1) V:if variable i influences variable j;

(2) A:if variable i is led by variable j;

(38) X:if both, variables i and j, influence each other;

(4) O:if variables i and j have no association among them.

Table 2 presents the SSIM of the innovation determinants included in this system.

Table 2. Structural self-interaction matrix (SSIM).
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3.3. Initial Reachability Matrix (IRM)

After the SSIM is attained, the following step consists of designing an initial reach-
ability matrix (IRM). The SSIM is transformed into a binary matrix using numbers 0 and 1.
Thus, the codes, previously assigned in the matrix, are subject to change as the following
rules state:

(a) If the SSIM pair-wise entry corresponds to V, the pair-wise (i, j) entry becomes 1 and
the (j, i) becomes 0.

(b) If the pair-wise (i, j) entry is an A, the pair-wise (i, j) entry becomes 0 and the pair-wise
(j, i) becomes 1.

(c) If the pair-wise (i, j) entry is an X, the pair-wise (i, j) entry becomes 1 and the pair-wise
(j, i) becomes 1.
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(d) If the pair-wise (i, j) entry is an O, the pair-wise (i, j) entry becomes 0 and the pair-wise
(j, i) becomes 0.

3.4. Final Reachability Matrix (FRM)

After obtaining IRM, it is necessary to check transitivity according to this ruling: if
determinant A leads to determinant B, and B leads to determinant C, then determinant
A leads to determinant C. This step is required as these linkages are not included in the
initial development of reachability matrix. The transitivity is represented by adding 1 * to
the entries to fill the gap when the rule applies, progressing a mathematical association.
After completing the transitivity, the final reachability matrix (FRM) is achieved as shown
in Table 3.

Table 3. Final reachability matrix (FRM).

Determinants D1 D2 D3 D4 D5 Deé D7 D8 D9 D10 D11 D12 D13 D14 DRP
D1 1 1 1 0 1 1 1 1* 1* 1* 1 1 1* 1 13
D2 0 1 1 0 1 1 0 1 1 1* 1 1 1 1 11
D3 0 0 1 0 0 1 0 0 0 1 1 1 1 1 7
D4 1 1 1* 1 1* 1 1 1% 1* 1* 1 1 1 1 14
D5 0 0 1 0 1 1 0 0 0 1 1 1* 1 1* 8
Dé 0 0 0 0 0 1 0 0 0 1* 0 1 1 1% 5
D7 1 1 1 0 1 1 1 1 1 1 1 1 1 1* 13
D8 0 1 1* 0 1 1* 0 1 0 1 1 1 1 1% 10
D9 0 1 1 0 1 1* 0 0 1 1 1 1% 1 1% 10
D10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
D11 0 0 0 0 0 1* 0 0 0 1 1 1 1 1* 6
D12 0 0 0 0 0 1 0 0 0 1 0 1 1 1 5
D13 0 0 0 0 0 0 0 0 0 1 0 0 1 1 3
D14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

DNP 3 6 8 1 7 11 3 5 5 13 9 11 12 13 107

* DRP: driving power; DNP: dependence power.

The FRN also shows the driving power of each determinant by adding each row,
i.e., the leading influence of each determinant over other determinants. Furthermore, by
adding each column, it is possible to identify the dependence power of each determinant,
i.e., how much a determinant is influenced by the rest of determinants [132,138,140,142].
Hence, determinant D4 (strength of protection for IP) with dependence power 1 (weak)
and driving power 14 (strong) is the dominant determinant of this system.

3.5. Level Partitions

The FRM (Table 3) is partitioned by determining the reachability (R(S7)), antecedent
(A(Si)), and intersection sets (I(Si)) for each innovation determinant [127]. R(Si) comprises
the set of determinants led by the variable Sj, i.e., the set of determinants defined in the
columns containing 1 in the row of the determinant Si. Likewise, A(Si) includes the set of
determinants influencing the achievement of Si, i.e., the set of determinants defined in the
rows containing 1 in the column of the determinant Si. Once R(Si) and A(Si) are achieved,
the set of variables included at I(Si) is derived for each of the determinants. The top-level
determinants of the hierarchy from ISM result from the intersection of all R(Si) and A(Si),
i.e., A(Si) N R(Si) = I(Si). Thus, the top-level determinants of the ISM hierarchy do not
enable the achievement of any other determinant onward from their hierarchical level.

After identifying the top-level determinants, these are segregated from the rest of the
determinants [127]. This process is iterative, allowing to determine the rest of the levels of
ISM. Once the levels are identified, they provide the ground to develop the diagraph as
well as the final model of ISM [124,132,135]. In the present model, Table 4 presents 9 levels
as products of the iteration process.
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Table 4. Canonical-level partitions for the determinants.

Determinants Reachability Set Antecedent Set Intersection Set Levels
D10 10 1,2,3,4,5,6,7,8,9,10,11,12,13 10 I
D14 14 1,2,3/4,5,6,7,89,11,12,13,14 14 I
D13 13 1,2,34,5,6,7,8,9,11,12,13 13 I
D6 6,12 1,2,3,4,5,6,7,8,9,11,12 6,12 I
D12 6,12 1,2,34,5,6,7,89,11,12 6,12 I
D11 11 1,2,34,5,7,8,9,11 11 v
D3 3 1,2,3,4,5,7,89 3 \Y
D5 5 1,2,4,5,7,89 5 VI
D2 2,89 1,2,4,7,8,9 2,89 VI
D8 2,8 1,2,4,7,8 2,8 viI
D9 2,9 1,2,4,7,9 2,9 VI
D1 1,7 1,2,4,7 1,7 VIII
D7 1,7 1,2,4,7 1,7 VIII
D4 4 4 4 IX

Table 4 shows, at the first level, the determinants D10 (university/research institution
prominence) and D14 (trademarks applications), where the antecedent set is the same,
although they do not intersect with each other. Hence, determinants D10 and D13 corre-
spond to level I of the ISM model and are excluded from further iterations, a process that is
repeated until the last determinant is assigned to a level.

Level I includes determinant D13 (scientific and technical patents and articles). De-
terminants D6 (utility models) and D12 (co-inventions) share the reachability set (i.e., 6,
12) and antecedent set (i.e., 1,2,3,4,5,6,7,8,9,11,12); hence, they intersect at level III of the
ISM model. Level IV encompasses determinant D11 (state of cluster development), while
determinant D3 (full-time R&D personnel) is positioned at level V. Determinant D5 (R&D
performed by universities) corresponds to level V1.

Determinants D2 (GERD private industry), D8 (multi-stakeholder R&D collaboration),
and D9 (expenditure on education) are included at level VII. Determinant D2 shares
the reachability set and antecedent with D8 and D9. Hence, D2 intersects with both
determinants. However, D8 and D9 do not intersect with each other directly.

Level VIII group determinants D1 (openness) and D7 (gross expenditure on R&D)
share the same reachability set and intersection set. Finally, determinant D4 (promotion
& protection for innovation/IP) is placed at level IX as the variable (i.e., 4) at reachability
set, antecedent set, and intersection encompass this variable. Thus, the last iteration
corresponds to level IX of the ISM model.

3.6. ISM-Based Model

The structural model is generated from the canonical-level partition from the FRM
(Table 4) by developing a digraph. Indirect connections are removed to achieve the final
digraph. Figure 2 shows the ISM-based model for innovation capacity determinants,
resulting from the final digraph.

At the base of the ISM hierarchy (i.e., level IX) is placed the promotion and protection
for innovation and IP (D4) (Figure 2). This determinant plays a key role in driving the
development of a country’s innovation capacity. By contrast, the prominence of univer-
sity /research institutes (D10) and trademarks applications (D14) strongly depends on
the other determinants for enhancing them and, as a result, improving the innovation
capacity [32,52,79,86]. Both determinants are placed at the top of the ISM hierarchy (i.e.,
level I).

Promotion and protection for innovation/IP (D4) at level IX; openness to international
trade and investment (D1) and gross expenditure on R&D (D7) at level VIII; as well as
expenditure on education (D9), GERD funded and performed by private industry (D2),
and multi-stakeholder R&D (D8) at level VII provide the bases for an environment that
stimulates undertaking innovation and R&D activities. The degree of expenditure on
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R&D and the openness to international investment and trade are related to each other and
both influence the expenditure of the private industry on R&D, the expenditure on high
education, and the collaboration between universities and industry to perform innovation
and R&D activities. Previous studies on innovation capacity have identified the positive
impact of promotion & protection for innovation/IP on the openness and public and private
expenditure on R&D, and their cumulative positive effect as the ground to develop a robust
innovation system to deliver high quality innovation results (e.g., [14,32,50,51,116]).

Um\'zzn&/ﬁzﬁem’ch Trademarks
Level 1 e applications

Scientific and
Level I1 techm‘ca} patents /
articles
Level III Utility models R Co-inventions
State of cluster
Level IV development
S
Full-time R&D
Level V personnel
R&D performed by
Level VI N universities <€
[
e N
Multi-stakeholder GERD Private Expenditure on
Level VII [ R&D collaboration industry education ]
~ [ g 7}

Openness Gross expenditure
’ onR&D

Level IX protection for

innovation /IP

Level VIII

Promotion &

Figure 2. ISM-based model for a roadmap for innovation capacity.

Multi-stakeholder R&D (D8), GERD funded and performed by industry (D2), and
expenditure on education (D9) influence the expenditure on R&D performed by the uni-
versities (D5). These determinants are the drivers of an innovation system supporting the
innovation capacity of a country [32,87,144].

The personnel dedicated full-time to R&D (D3) is the result of the investment of
private and public institutions in developing human capital as means to enhance their
innovation capacity [68,77,90,145]. The state of cluster development (D11), utility models
(D6), co-inventions (D12), scientific and technical papers and articles (D13), university &
research institutes prominence (D10), and trademark applications (D14) are included at
the top levels of the ISM model (i.e., level IV, level III, level II, and level I, as shown in
Figure 2). This shows the dependence of state of cluster development on the promotion and
protection to innovation and IP reflected in the engagement of the government, industry,
and university to collaborate and expand on innovation undertakings. Further, depending
on the state of cluster development, there will be more prominent outputs of innovation
as co-inventions, utility models, as well as scientific and technical patents and articles.
The degree of the involvement and quality of the innovation results, previously described,
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has an impact on the prominence of research institutes and universities, as well as on the
willingness to apply for trademark registration.

3.7. MICMAC Analysis

MICMAC analysis is used to examine the dependence power and the driving power of
variables part of a model [146]. This analysis allows identifying the main enablers (referred
to as ‘determinants’ in this work) driving the model at various levels [132,138]. Hence,
relying on the dependence or driving power of each innovation determinant (see Table 4),
these are grouped into four categories: autonomous, dependent, linkages, and drivers [147].
Figure 3 shows the diagram for MICMAC analysis of driver power and dependence power.
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Figure 3. MICMAC analysis.

The diagram has four quadrants as aforementioned, where innovation determinants
are placed. The first quadrant corresponds to innovation determinants with weak depen-
dence power and drive power. The variables located in the autonomous quadrant are rather
disconnected from the system. In this current study, there are no determinants positioned
in this category.

The second quadrant corresponds to the dependent category grouping the determi-
nants with strong dependence power but weak drive power. For instance, determinants
10 (university /research institution prominence) and 14 (trademarks application), with a
dependence power of 13 and driving power of 1, are placed at the position with dependence
power of 13 in the X-axis and driving power of 1 on the Y-axis. Hence, determinants 10
and 14 have a strong dependence and weak influence on other determinants. Likewise,
determinants 3 (full-time R&D personnel), 11 (state of cluster development), 6 (utility mod-
els), 12 (co-inventions), and 13 (scientific and technical patents/articles) are also included
in this category.

The third quadrant, the linkages category, includes the variables with strong depen-
dence power as well as strong driving power. Any modification on these variables will
impact the others and will receive feedback impact themselves. In the context of the current
research, there are no determinants set in this quadrant.

The fourth quadrant includes the variables with strong driving power and weak
dependence power (i.e., independent variables). For instance, determinant 4 (promotion
& protection for innovation/IP), with dependence power of 1 and a driving power of
14, is placed at the X-axis with a dependence power value of 1 and at the Y-axis with a
driving power value of 14. Thus, D4 is labelled as a driver variable. Likewise, determinants
1 (openness), 7 (gross expenditure on R&D), 2 (GERD private industry), 8§ (multi-stakeholder
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R&D collaboration), 9 (expenditure on education), and 5 (R&D performed by universities)
are included in this category.

4. Results and Discussion

Innovation is a key capacity for enhancing the competitiveness and development of a
country [5,23,26]. Hence, it is necessary for a country to effectively design and implement
a path for enhancing innovation capacity, particularly in developing countries, where
innovation and R&D undertakings are perceived as ‘luxury spending’ and not as a means
to further growth. Using ISM, this research analyzed the relationship between fourteen
relevant factors that have a significant influence, directly or indirectly, on improving
innovation capacity (Figure 1). The contextual linkages between the fourteen determinants,
identified from the literature review and the interviews with practitioners and academic
experts, provide a conceptualization of the innovation determinants that may otherwise
be presented in various studies. Furthermore, the MICMAC analysis (Figure 2) allows
visualizing the driving and dependence power of the determinants under study, which
provides valuable implications and insight regarding the potential impact of the innovation
determinants on the innovation capacity of a country, especially developing countries. The
main findings of this research are summarized as follows:

First, autonomous determinants are not found from MICMAC analysis. An au-
tonomous variable is located at the first quadrant of the MICMAC diagram, clustering the
variables with weak driving power as well as with weak dependence power. Due to this,
the autonomous variables are relatively disconnected from the systems as they have little
influence on the other variables [147]. This points to the essential relationships between
the innovation determinants and their relevance in enhancing the innovation capacity.
Therefore, policymakers, academics, and practitioners should consider them when making
policy and managing innovation.

Second, determinants 10 (university /research institution prominence) and 14 (trade-
marks application) have weak driver power but high dependence power. Both determinants
are at the top level of the ISM hierarchy (Figure 2). Although they are not directly related
to each other, both represent the consecution of a highly effective innovation capacity.
University /research innovation prominence is the result of the performance of public
and private universities, corporative entities, agencies, and other institutions undertaking
relevant innovation and R&D actions in a country [16,41,148,149]. Furthermore, for the
industry, the value of a business is related to the perception of its presence in the market,
with it being protected by a trademark [39,52,79], where the trademark application is the
result of innovative and R&D processes [150].

Third, half of the determinants are placed in the dependent quadrant. They include
determinants: 10 (university /research institution prominence) and 14 (trademarks appli-
cation) at level I; 13 (scientific and technical patents/articles) at level II; 6 (utility models)
and 12 (co-inventions) at level III; 11 (state of cluster development) at level IV; 3 (full-time
R&D personnel) at level V. Determinants 10, 14, 13, 6, and 12 are perceived as the measure
of the effectiveness of innovation and R&D undertakings [151,152]. Therefore, policymak-
ers, scholars, and practitioners should promote the achievement of these determinants as
desired objectives as a means to enhance the innovation capacity of a country.

Fourth, there are no variables in the quadrant of linkages of the current MICMAC
analysis. This quadrant groups the variables with a high interdependency among them,
i.e., strong driving power and strong dependence power. The variables clustered in this
quadrant are unstable due to the nature of their relationships [138,153,154].

Fifth, seven determinants (5, 8,2, 9, 1, 7, and 4) are in the drivers’ quadrant; i.e., the
variables in this cluster have a strong driving power over the rest of the variables. Determi-
nant 5 (R&D performed by universities) is positioned at level VI. The innovation capacity
of a country is highly related to the engagement of universities and research institutes in
innovation and R&D undertakings, particularly in developing countries, where R&D is
mainly performed by universities in collaboration with the government or industry [68,76].
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Further, this determinant is generally responsible for providing human capital to perform
full-time R&D activities. Determinants 8 (multi-stakeholder R&D collaboration), 2 (GERD
private industry), and 9 (expenditure on education) are included at level VII. These three
determinants are related to each other. The collaboration between university and industry
stimulates the expenditure from the industry to R&D [14,110], as well as the expenditure on
education [155] as the industry perceives the benefits of that collaboration by developing
new products, new ideas, and highly qualified personnel. This, at the same time, stimulates
the collaboration between the university and industry as there is funding available to
develop further innovations and R&D. Level VIII includes determinants 1 (openness) and
7 (gross expenditure on R&D). Both variables are related to each other. The openness to
international trade and investments stimulates the expenditure on technologies oriented
to develop R&D activities related to the further development of the industry and research
agencies and universities [29,33,47,156,157].

Finally, the final ISM hierarchy is level IX, which includes determinant 4 (promotion &
protection for innovation/IP). This determinant is mainly based on the innovation envi-
ronment promoted at the government level, which is generally in charge of developing,
proposing, and regulating proper policies to stimulate the innovation capacity of the in-
novation systems of a country. Furthermore, the role and integration of the Triple Helix
of an innovation system are very important to achieve confidence in the system and the
policies put in place to engage innovation and R&D [11,61,64,158-160]. Hence, the devel-
opment of a practical framework for innovation begins with generating an environment of
trust between the participants in an innovation system by enacting the necessary policy to
stimulate innovation undertakings.

5. Conclusions

Innovation capacity is among the dynamic capacities leading to achieving a competi-
tive and sustainable advantage [6-14]. Further, by adopting innovative and R&D practices,
developing countries might enhance their growth and competitiveness [15,16]. However,
due to the complexity of national innovation systems, where the innovation capacity is
performed, developing this dynamic capacity may be overwhelming for a developing
country dealing with various lacks and limitations. The main purpose of this research
allowed recognizing and defining a contextual hierarchy of the determinants related to the
innovation capacity to propose a path for developing countries willing to enhance their
innovation capacity. However, the scope of this study is also spread to developed countries.

Based on the three main mechanisms to assess the innovation capacity of a coun-
try [23,26,42] (see Section 2) and experts’ interviews, a comprehensive literature review
was conducted to analyze 14 innovation determinants: openness to international trade
and investments, gross expenditure of private industry, full-time R&D personnel, promo-
tion & protection for innovation/IP, R&D expenditure performed by universities, utility
models, gross expenditure on R&D, multi-stakeholder R&D collaboration, expenditure
on education, university/research institution prominence, state of cluster development,
co-inventions, scientific and technical patents/articles, and trademarks applications. From
the literature review, the extensive work conducted surrounding innovation determinants
was identified. However, it also highlighted how scattered the studies addressing these
innovation determinants are, and there is a limited number of works addressing all these
factors at once [25,37]. Moreover, there was a lack of modeling the contextual relationship
of the determinants to draw the path to follow for developing innovation capacity. Hence,
this research provides both theoretical and practical contributions.

Regarding the theoretical contributions, this research is advancing the limited aca-
demic body of knowledge in the field of determinants of national innovation capacity
through a relational analysis. This work presents a relational analysis from a qualitative
approach to develop a comprehensive framework to trace a path to develop the innovation
capacity from a developing country perspective. The ISM approach was used to identify
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and model the interconnections between the 14 determinants. Hence, this was also the first
research using the ISM method in this field of study, making a methodological contribution.

Concerning the practical contributions, the proposed ISM-based model was developed
considering the input of both scholars and practitioners, where key innovation determinants
were identified and ranked to further develop the innovation capacity. An ISM-based
model provides a practical representation of the relationships between each innovation
determinant, which provides a better understanding of the effects that any action or policy
has in a complex innovation system. The ISM approach enables clustering the variables
into four categories: driver, linkage, dependent, and autonomous. This may support
the management of priorities enhancing the use of resources or the implementation of
policies. Therefore, this framework also offers a foundation for policymakers, scholars,
and practitioners to effectively develop collaborative actions and policies to promote and
improve the innovation capacity of their countries. Furthermore, the systematic path
presented in this research has a general application as a roadmap for developing countries
with limited resources, providing a starting point of where to focus on a task that might
otherwise be overwhelming. Once defining effective policies, actions, and the path to
follow, this will become a loop of continuous innovation improvement. A relevant finding
is the role that university—industry collaboration plays in increasing innovation capacity,
particularly in developing countries. This should constitute the ground for designing
policies oriented to knowledge and technology transfer in these countries.

The main contribution of this research is the development of a single multi-level
framework to systematize the contextual linkages between the key identified determinants
influencing the innovation capacity of a country. Nevertheless, this research encompasses
some limitations. The proposed ISM-based model included fourteen determinants for
developing the innovation capacity of a country. Further studies may address additional
determinants, which suggests future directions for research. A future scope may be expand-
ing the analysis of more key innovation determinants, including the input of data from
various countries and a comparative analysis using other multi-criteria decision-making
(MCDM) methods. Further quantitative studies, such as a structural equation modeling
(SEM) method, may be conducted to provide a statistical test and validation.
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