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Abstract

Countries adopt different policies and strategies to boost regional growth and competitiveness.
R&D is one of the most important drivers of national competitiveness because of its ability to
generate knowledge and convert that knowledge into useful information to improve people’s
lives and maintain economic prosperity. Innovation emerges within innovation systems. Such
systems encourage collaboration among institutional and economic agents. One of the main
groups of agents that foster such collaboration consists of innovation intermediaries. Technology
centers (TCs) are a prime example of such intermediaries, which exert a positive impact on the
business sector. Given the numerous factors influencing TC efficiency, this paper studies the
key variables associated with this efficiency, providing a ranking of these variables based on the
views of innovation system experts. To evaluate these variables, the Analytic Hierarchy Process
(AHP) is used. Of the six areas identified as essential for TC activity, the impact of TCs and the
types of actions they undertake are the most important aspects for improving TC and business
efficiency, as well as regional competitiveness. This study highlights the role of TCs in helping
companies respond to challenges with innovative solutions that foster a strong, competitive,
and innovative regional business sector.

Keywords: Regional innovation system, national innovation system, innovation intermediary,
technology center, AHP.

JEL Codes: O31; O38; 123; 125; 128.

Resumen

Los paises adoptan diferentes politicas y estrategias para impulsar el crecimiento y la
competitividad regional. La I+D es uno de los motores mas importantes de la competitividad
nacional por su capacidad de generar conocimientos y convertirlos en informacion util para
mejorar la vida de las personas y mantener la prosperidad econdmica. La innovacion surge
dentro de los sistemas de innovacion. Estos sistemas fomentan la colaboracion entre los agentes

* autor de correspondencia: norat.roig@upv.es

" ORCID: https://orcid.org/0000-0002-7980-3548
2 ORCID: https://orcid.org/0000-0002-5907-5643
3 ORCID: https://orcid.org/0000-0002-0902-9462

Fecha de envio: 08/09/2022. Fecha de aceptacion: 23/11/2022

(D)o | -119-


https://doi.org/10.17561/ree.n1.2023.7398
mailto:norat.roig@upv.es
https://orcid.org/0000-0002-7980-3548
https://orcid.org/0000-0002-5907-5643
https://orcid.org/0000-0002-0902-9462

TRIBUNA del Campo C., Roig-Tierno N., Chaparro-Banegas N., Mas-Verdu F.
The role of technology centers in regional competitiveness: a multicriteria approach

institucionales y econdmicos. Uno de los principales grupos de agentes que propician dicha
colaboracion son los intermediarios de la innovacion. Los centros tecnoldgicos (CT) son
un ejemplo excelente de estos intermediarios, que ejercen un impacto positivo en el sector
empresarial. Dados los numerosos factores que influyen en la eficiencia de los CT, este articulo
estudia las variables clave asociadas a esta eficiencia, proporcionando una clasificacion de estas
variables basada en las opiniones de los expertos en sistemas de innovacion. Para evaluar estas
variables, se utiliza el Proceso de Jerarquia Analitica (en inglés, Analytic Hierarchy Process,
AHP). De las seis areas identificadas como esenciales para la actividad de los CT, el impacto de
los CT y los tipos de acciones que llevan a cabo son los aspectos mas importantes para mejorar
la eficiencia de los CT y las empresas, asi como la competitividad regional. Este estudio destaca
el papel de los CT para ayudar a las empresas a responder a retos con soluciones innovadoras
que fomenten un sector empresarial regional fuerte, competitivo e innovador.

Palabras clave: Sistema regional de innovacion, sistema nacional de innovacion, intermediario
de innovacion, centro tecnologico, AHP.

Clasificacion JEL: O31; O38; 123; 125; 128.

1. INTRODUCTION

The ability to generate and assimilate new knowledge while transforming it into something
economically useful is essential for regional competitiveness. Hence, most developed regions
and countries have placed research and development (R&D) near the top of their political
agendas (Branddo & Molero, 2013). In recent decades, the literature has paid increasing
attention to innovation policies (Fagerberg & Verspagen, 2009; Martin, 2012; Shafique, 2013)
to support and provide rigor to their design. Research has also attempted to evaluate their impact
in different contexts (Borrds & Jordana, 2016; Flanagan & Uyarra, 2016; Uyarra & Ramlogan,
2012; Asheim & Moodysson, 2017; Coenen et al., 2017; Fagerberg, 2017; Isaksen, Normann
& Spilling, 2017).

Within innovation systems, intermediaries play a fundamental role in fostering
collaboration between researchers and non-academic organizations (D’Este et al., 2014;
Mas-Verdu, 2021). This collaboration fosters science and technology for regions’ economic
development (Labra & Juan, 2017). Intermediaries encourage interaction between entities and
actors and help exchange knowledge and experiences (Kanda ef al., 2018). A notable example
is that of technology centers (TCs), which foster the use of knowledge-intensive services in the
productive sector (Garcia-Quevedo & Mas-Verdu, 2008).

When implementing innovation policies to increase R&D and innovation activities,
policymakers should consider the context where they are applied since similar policies and
measures can result in different innovation and competitiveness performances (Edler &
Fagerberg, 2017). These differences in performance arise from different national and regional
characteristics, circumstances, needs, and barriers within the borders of innovation systems
(Coenen et al., 2017). Many academics have studied innovation systems (Lundvall, 1992;
Nelson, 1993; Freeman, 1994; Todtling & Trippl, 2005), innovation intermediaries (Mas-Verdu,
2007; Bendis et al., 2008; Bakici et al., 2013; Ortega-Colomer, 2022), or competitiveness
(Cantwell, 2004; Cho et al., 2008; Aiginger & Firgo, 2017). These three elements are undeniably
connected: intermediaries are agents within the innovation systems, intermediaries provide
services that facilitate the innovation process (Bakici et al., 2013), and innovation promotes
competitiveness (Aiginger & Firgo, 2017). The paper’s objective is to study the relationship
between innovation systems, intermediaries (in particular, the role of TCs), and competitiveness

[@)sr | -120-



del Campo C., Roig-Tierno N., Chaparro-Banegas N., Mas-Verdu F. TRIBUNA
The role of technology centers in regional competitiveness: a multicriteria approach

and how improvements in TCs efficiency could positively influence innovation development to
increase regional competitiveness.

An improvement in TC efficiency triggers an increase in R&D and innovation activities
which, in turn, lead to an increase in competitiveness. According to the literature and practical
experience, several variables influence TC efficiency. These variables can be measured in terms
of their contribution to enhancing innovation performance, as well as their impact on companies’
sustainability and efficiency and, thus, their contribution to a region’s competitive position. This
paper tries to identify the key variables associated with TC efficiency and rank them in terms of
their importance according to qualified experts of the regional innovation system. The Analytic
Hierarchy Process (AHP) methodology is used for this purpose. This methodology allows to
determine these relevant variables even when multiple criteria and attributes are involved.

The next section of this paper provides an overview of innovation systems and their
intermediaries, highlights the role of TCs, and introduces the variables that potentially affect TC
efficiency. The following section explains the data and method. The results are then presented.
Finally, the last section details the conclusions, including recommendations and proposals for
future avenues of research.

2. THEORETICAL FRAMEWORK

2.1. Innovation systems and innovation intermediaries

Organizations are open systems that feed on their external environment while also feeding
back to this environment (Forrest, 1991). The interdependence of firms with their environment
leads to innovation systems. These systems comprise a multitude of institutions, networks,
and interrelationships. The corresponding set of interrelated economic and institutional agents
affects both innovation performance and innovation behavior (Freeman, 1987; Lundvall, 1992;
Nelson 1993; Lopez-Rubio et al., 2021a). This interaction between firms and institutions plays
a central role in the launch and marketing of new products, processes, and organizational forms
for economic use (Mytelka, 2000).

During the 2000s, studies increasingly focused on the relationships between the
performance of innovation systems and the factors that influenced this performance (Liu &
White, 2001; Edquist, 2004; Lundvall, 2007). These findings have become useful for detecting
the innovative capacity of a geographical area. Although the concept of innovation systems
was initially applied at the national level in the form of national innovation systems, or NISs, it
has subsequently been applied at the regional level (Koschatzky 2002; Landabaso et al., 2001;
Oughton et al., 2002; Asheim and Isaksen 2002; Cooke 2002; Asheim and Coenen 2005) in the
form of regional innovation systems, or RISs. The literature reflects the growing importance of
RISs (Freeman, 1995; Todtling & Trippl, 2005; Lopez-Rubio et al., 2020) by showing that these
systems are more developed in regions where NISs are adopted as the model for innovation
policy design. Prime examples are Scandinavian and Western European countries (Sharif, 2006;
OECD, 2011), as well as countries with highly decentralized political management. Specifically,
the UK, Germany, Spain, the United States, Canada, and Switzerland offer prominent examples
(Acs, Anselin & Varga, 2002; Kramer ef al., 2011; Borras & Jordana, 2016; Lopez-Rubio et al.,
2021b, c).

An innovation system has five subsystems: public administration, companies, the
public R&D system, the environment, and innovation support infrastructures (see Figure 1;
Mas-Verdu, 2007). Innovation support infrastructures are innovation intermediaries. That is,
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FIGURE 1. SUBSYSTEMS OF INNOVATION SYSTEMS
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they are organizations that facilitate innovation. They do so either directly, by enabling such
processes in one or several companies, or indirectly, by fostering the innovative capacity of
regions, countries, or sectors. Innovation support infrastructures operate as intermediaries
between organizations by generating and encouraging collaborative networks, implementing
and supporting technological development, and connecting and reducing the gap between the
business world and the research community (Dalziel, 2010). Innovation intermediaries also
help address some of the major development challenges, promoting economic activity through
entrepreneurship and technological development (Mazzoleni & Nelson, 2007).

Innovation intermediaries focus on organizations that are generally ignored by traditional
studies of national (Lundvall, 1992; Nelson, 1993), regional (Cooke et al., 2004), or sector-
based (Malerba, 2002) innovation systems and statistical institutes (Godin, 2005; Siegel,
2003). The study of innovation intermediaries can help develop useful theory given the lack
of research on innovation intermediaries, which partly explains the fragmented nature of the
scientific literature (Howells, 2006; Phan, Siegel & Wright, 2005).

2.2. Technology centers (TCs) as intermediaries in the innovation system

Innovation intermediaries encompass a broad spectrum of organizations such as science
parks, incubators, TCs, university transfer offices, public agencies that promote business activity,
business associations, foundations, and chambers of commerce. TCs play a fundamental role in
R&D and the transfer of technology to the productive sector. Such intermediaries help regions
achieve greater development and strengthen their competitive and innovative capacity.

TCs differ from other intermediaries in their capacity to apply and transfer knowledge
and their proximity to companies. Hence, in many cases, they play a central role as strategic
agents in public policies to promote business innovation. In the largest European countries,
the public sector supports TCs because of their crucial role in NISs as non-profit organizations
whose income depends mainly on the market (i.e., projects with companies) but that have the
capacity to conduct applied research thanks to their involvement in competitive public R&D
support programs.

The activities undertaken by TCs aim to provide services and meet the technological
demands of the business sector. Another objective of TCs is to implement a culture of innovation
in companies through which they use technology to become more competitive (Mafias, 1999).
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FIGURE 2. PYRAMID OF INNOVATION SERVICES
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The range of solutions that TCs offer is wide (Ybarra, 2012; Ortega-Colomer, 2022). Solutions
include laboratory tests and services, specialized technical training, technological consulting
and diagnosis, and applied R&D projects. These services are usually represented as a pyramid,
as shown in Figure 2 (Mafias, 1999; Izushi, 2003). Activities aimed at solving the intermediate
problems of companies, such as technical services or consulting, form the base. Activities
aimed at anticipating future problems, such as R&D and more complex and riskier customized
services, appear at the top. Successfully delivering the activities located at the top requires
frequent interactions and high levels of trust between parties.

Public support for the actions of innovation intermediaries can effectively increase
innovation in companies (Dalziel, 2010). In some cases, public administrations establish a
regulatory framework that specifies the requirements that TCs must meet to be considered as
such and to receive subsidies to support innovation. For instance, the Real Decreto 2093/2008
of December 19, 2008 regulates Technology Centers and Technological Innovation Support
Centers in Spain and provides a register of these centers. This regulation specifies not only their
legal basis and purposes but also a set of key indicators for registration.

These requirements include a minimum number of personnel under contract, a maximum
percentage of non-competitive public funding, a minimum level of income from R&D (own or
contracted), a minimum amount of income from companies as a percentage of total income, and
a minimum number of private clients. Table 1 shows the details of the requirements at the time
of registration and the changes to these requirements over time.

Key variables in relation to TC competitiveness were identified using the literature,
practical experience, and the requirements to appear in the Spanish national register of TCs.
The variables cover six indicators: (i) TC activity: R&D, innovation and technological support,
laboratory testing, and training as a percentage of total income; (ii) impact on the business
sector: number of client companies, private and public income from R&D and innovation,
and the impact of the TC on companies (productivity or exports of client companies) and the
regional economy (national and international public funding that the TC was able to bring to the
region and creation of technology-based companies by the TC); (iii) scientific impact: number
of scientific publications and instances of industrial property rights (IPR); (iv) economic and
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TECHNOLOGY CENTERS (TCs)

TABLE 1. INDICATORS OF THE SPANISH OFFICIAL REGISTER OF

of human resources
available in the
workforce

Area Criterion Quantitative indicator Requirement

Activity Existence of an actual | Number of client companies | Greater than or equal to
or potential group of by turnover in the last 25
client companies 3 years

Activity Existence of an actual | Number of different R&D Greater than or equal to
or potential group of clients in the last 3 years 20
client companies

Activity Quantity and quality Number of permanent Greater than or equal to
of human resources hires and graduates among | 15
available in the technical and research
workforce personnel

Activity Quantity and quality Percentage of doctors Average greater than or

equal to 7% (13% and
20% at 5 and 10 years of
enrollment)

Economic viability

Private income

Annual income from
member contributions

3-year average greater
than 30%

Economic viability

Non-competitive
financing

Annual income for
operating expenses linked
directly (or through public
bodies or subsidies) to
specific areas within the
budgets of the local or
national government or
negotiated directly with
administrations through
performance measurement
indicators, which should not
exceed a certain percentage
of total operating income

3-year average less than
or equal to 30%

Economic viability

Percentage of income from
R&D

3-year average less than
or equal to 35%

Source: Authors based on RD 2093/2008, December 19.

financial aspects: income mix by source of funding, public funding model, TC productivity, and
annual investment; (v) human resources (HR) and talent management: percentage of university
graduates, percentage of PhDs, permanent staff, existence of career plans, work-life balance,
and worker equality; and (vi) exogenous factors: explicit policies to support business innovation
and other elements of the political and social environment. Figure 3 illustrates these indicators
and subindicators.

2.3. Regional competitiveness: the role of the intermediaries

Public administrations and international organizations have tried to encourage technology,
science, and innovation advances through policies increasing competitiveness (Clark & Guy,

[@)er -124-



del Campo C., Roig-Tierno N., Chaparro-Banegas N., Mas-Verdu F. TRIBUNA
The role of technology centers in regional competitiveness: a multicriteria approach

FIGURE 3. VARIABLES RELATED TO THE ACTIONS OF TCs
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1998). High levels of innovation are achieved through innovation intermediaries who facilitate
the creation of clusters and networks and the execution of projects (Bakici et al., 2013). These
intermediaries are providers of national connectivity, cooperation, and trust among the different
innovation agents contributing to the acceleration of innovation and technology development
(Bendis et al., 2008). With this collaboration between different agents of the innovation
system, competitiveness is therefore boosted (Bakici ef al., 2013). Innovation systems offer a
national infrastructure that encourages innovation and technology development by enhancing
companies and other organizations to undertake R&D activities (Freeman, 1994). In this case,
intermediaries can facilitate the companies’ innovation process by supplying R&D support
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services (Cho et al., 2016) since some intermediaries can alleviate R&D financing constraints
(Xu, 2020).

R&D can push the development of business technologies encouraging further innovation
activities dueto the ease oftechnological adaptability (Carrillo-Hermosillaezal.,2009). Therefore,
R&D becomes a support element for developing innovation projects, usually encouraged by
universities and research institutions (de Jesus Pacheco et al., 2018). Universities and research
institutions are considered providers of R&D resources. Given that financing availability is crucial
for enhancing innovation (Johnson & Lybecker, 2012; Hojnik & Ruzzier, 2016), the literature
focuses on studying the impact of public or private R&D investment on innovation. Tsai and
Liao (2017) argue that companies can build technological knowledge and, hence, a competitive
advantage by undertaking R&D activities grounded on innovation. Therefore, business and
national competitiveness are increased. Private R&D investment improves companies’ ability
to acquire the knowledge and expertise needed to effectively develop innovations (Cainelli
etal.,2012; Del Rio et al., 2017). However, public administrations and universities are financing
scientific research because of the related high levels of uncertainty. Private R&D investment
contributions are usually minimal (Scarpellini ef al., 2012).

Innovation systems, competitiveness, and intermediaries such as TCs are undeniably
connected. The above suggests that intermediaries (which form part of the innovation systems)
contribute to the competitiveness of a country through their support activities that encourage
R&D and innovation. For this reason, the paper aims to analyze the crossroads among innovation
systems, intermediaries, and competitiveness by determining and ranking the variables that
lead to TCs’ efficiency and, therefore, boosting competitiveness. Figure 4 illustrates the paper’s
objective.

FIGURE 4. TACKLING INNOVATION SYSTEMS, COMPETITIVENESS,
AND TCs TOGETHER
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3. DATA AND METHOD

Once the variables had been defined and structured, surveys were sent to 17 experts.
Between June and September 2019, the experts answered the surveys in written form
through email. These experts represented the triple helix of the R&D system (universities,
intermediary innovation support organizations, companies, and public administrations). The
aim was to prioritize the experts’ judgments according to their importance. Given the limited
resources of regions, this procedure enabled the identification of the most important factors for
boosting regional innovation and competitiveness. The experts participating in the AHP were
representatives from TCs, the academic community, public administration, and the business
community. The TC experts were from the Network of Technology Institutes of the Region of
Valencia (Red de Institutos Tecnologicos de la Comunidad Valenciana, REDIT) and the Spanish
Federation of Technology Centers (Federacion Espariola de Centros Tecnologicos, FEDIT).
The academic experts were from several Spanish public universities. The public administration
experts were from the Business Competitiveness Institute of the Region of Valencia (/nstituto
Valenciano de Competitividad Empresarial, IVACE) and the Valencian Innovation Agency
(Agencia Valenciana de Innovacion, AVI). The business experts were individual employers
and representatives from the Business Confederation of the Region of Valencia (Confederacion
Empresarial de la Comunidad Valenciana, CEV)and the European Center for Innovative Business
(Centro Europeo de Empresas Innovadoras, CEEI). This set of experts was selected because
in-depth knowledge about the given geographical environment and regional characteristics is
needed. With this in-depth knowledge, experts are able to answer specific questions about the
region. The homogeneity in the set of experts is stated in the limitations of the paper since other
regions or countries could highlight the importance of other factors in affecting TC’s activity.
A heterogeneous group of experts could hinder the drawing of conclusions since contexts with
different national characteristics and situations would be mixed.

In addition to quantitative analysis, qualitative analysis was performed, with 12 experts
participating in an interview consisting of three qualitative questions on the role of TCs in the
innovation system and the main success factors and key barriers to achieving their mission
within the innovation system. The qualitative survey was conducted through a personal
interview, recorded, and later transcribed. Only some of them were answered in written form.
The three questions helped contextualize the analysis. The results of the analysis are presented
in the following section. The responses were collated and the data processed to prioritize the
variables. This procedure is also explained in the following section.

The variables were prioritized using multicriteria analysis. In multicriteria analysis, the
most relevant variables are identified based on expert judgments (Bogetoft & Prusan, 1997;
Loken, 2007). These judgments are combined for both qualitative and quantitative variables.
Some multicriteria analyses are Analytic Hierarchy Process (AHP), multiattribute utility
(MAUT), and linear weighting (Roig-Tierno et al., 2013). In this study, the multicriteria
analysis method was the AHP since it was intended to prioritize the variables according to the
opinion of experts. There was no interest in weighting the variables or the experts’ preferences
in terms of a utility function. The AHP is designed for solving large-scale problems involving
a multitude of criteria. It is a methodological framework for solving complex problems
(Saaty, 1986) by using the judgments of several experts for the evaluation of alternatives with
numerous attributes to optimize decision making. The methodology involves the consideration
of subjective factors. It therefore offers an advanced technique when compared to other
methods (Emrouznejad, 2017).
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In the present study, the AHP was used to rank the variables that influence the ability of
TCs to achieve their mission and the impact of TCs on regional competitiveness according to
the importance of those variables. Given the method’s flexibility and broad applicability, the
AHP has been extensively studied and employed over the last 20 years in diverse contexts
(Ho, 2018). The hierarchical model used with this methodology has three levels: objectives
(the purpose of the process; what it intends to achieve), criteria (the standards used to validate
whether the objective has been achieved), and alternatives (the aspects that form the basis of the
criteria; Roig-Tierno et al., 2013).

Application of the AHP has three steps. First, the problem must be defined and any
necessary information identified. The problem is assigned a hierarchical structure (Badi
& Abdulshahed, 2019). At the top of the hierarchy is the general objective, followed by the
subcriteria and alternatives at each descending level (Fong & Choi, 2000). This structure
provides an overview highlighting the relevance of the variables, in this case those affecting TC
efficiency and regional competitiveness.

Second, pairwise comparisons are performed at both the hierarchy and subcriteria levels.
Scores or weights are assigned to the pairwise comparisons using a nine-item scale (Roig-
Tierno et al., 2013) expressing the importance of the compared criteria. At each hierarchical
level, items are compared pairwise according to their relevance in relation to a factor at a
higher level (Fong & Choi, 2000). The basic comparison scale ranges from 1 to 9, as shown
in Table 2.

Third, the results are given by the calculations of the weights (Badi & Abdulshahed,
2019). Individuals’ preferences may be inconsistent, which can jeopardize the quality of
the analysis (Marinoni, 2004). To resolve these inconsistencies, the consistency ratio (CR)
of the expert judgments is calculated, as shown in Equation 1 (Saaty, 1980; Muralidhar et
al., 1990; Partovi, 1994; Chen, 2006). The AHP thus includes a mechanism to measure the
degree of consistency of the responses to reject responses with an unacceptable degree of
inconsistency. However, it is practically impossible to achieve total consistency. The CR is
obtained by dividing the consistency index (CI) by the random consistency index (RI). The
CI directly considers experts’ preferences, as shown in Equation 2 (Marinoni, 2004), whereas
the RI is calculated by randomly creating a matrix of pairwise comparisons, as shown in
Equation 3 (Chen, 2006). The CR is designed in such a way that values exceeding 0.1 are
considered a sign of inconsistent judgment (Sevinc et al., 2018). Therefore, this study does
not include the expert surveys with an inconsistency higher than 10% (consistency ratio)

TABLE 2. BASIC PAIRWISE COMPARISON SCALE IN AHP

Basic AHP pairwise comparison scale

Both criteria are of equal importance

Intermediate importance between 1 and 3

The preferred criterion has a slightly higher importance than the other criterion

Intermediate importance between 3 and 5

The preferred criterion is moderately more important than the other criterion

Intermediate importance between 5 and 7

The preferred criterion has a much higher importance than the other criterion

Intermediate importance between 7 and 9

ORI (NN B[R N -

The preferred criterion has an absolute importance in relation to the other criterion
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to maintain the analysis quality and robustness since these surveys were not considered
coherent.

CR = g (1)
RI
A —
o/ 2)
n—1
where imax is a reference index for validation of the AHP.
1 Ay 0 4, || WM
1/a 1 - a w
AW = / 12 2” '2 = AI’VMZX‘/V (3)
l/aln 1/a2//1 ot 1 Wn

where A is the pairwise comparison matrix and w is the weights matrix.

The process requires subjective evaluation by the respondents regarding the relative
importance of each criterion, specifying its preference with respect to the other alternatives.
This characteristic of the AHP highlights the importance of working with experts with a solid
understanding of the topic of interest.

4. RESULTS

The AHP results provide a ranking of the six variables that affect regional competitiveness
and TCs’ achievement of their mission. All comparisons with a CR greater than 0.1 were
discarded because of their high level of inconsistency. Therefore, the results were limited to 10
consistent responses.

Table 3 shows that the area of greatest importance for the experts is the impact of TCs’
activity on the business sector (30.5 per cent of the weight). This result is consistent with the
objectives of the TCs, which are defined not as an end in themselves but as a means to improve
regional competitiveness. The gray literature includes numerous references to this issue. For
example, AINIA, an agrofood TC, aims to “add value and cooperate with companies, leading
to innovation and technological development in a sustainable manner.”* AITEX, a textile TC,
describes its mission by stating on its website that it “focuses on customers, adding value and
increasing the competitiveness of member companies, highlighting the proximity service.””

Thisresultis also consistent with the opinions expressed by several experts in the qualitative
interviews. For instance, the TC experts reported that, “the ultimate goal of a TC must always
be the firms,” and that TCs are a “scientific-technical support for firms, in areas that are very
important for them, but which they cannot address individually because of their complexity, the
need for specially qualified personnel or the requirement of adequate infrastructure.”

In addition, a business expert reported that “a successful TC requires strong interaction

with the regional innovation ecosystem,” confirming what a TC expert reported regarding the
fact that one of the key success factors of TCs is their “proximity to the industrial reality.” A

4 https://www.ainia.es/
5 https://www.aitex.es/
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TABLE 3. PRIORITIZATION OF THE VARIABLES MEASURING
TC EFFICIENCY
Subweights Final
weights
Actions 21.9% | R&D 31.6% 6.9%
Innovation 48.7% 10.6%
Testing 9% 2%
Training 10.8% 2.4%
IMPACT 30.5% | Number of client firms 17.3% 5.3%
ONTHE Private income from R&D 28.9% 8.8%
IS]IEJ (Sj;l:l)E;S Public income from R&D 6% 1.8%
National and international public funds 10.2% 3.1%
received by TC
Impact on business performance 28.3% 8.6%
Creation of technology-based companies 9.3% 2.8%
SCIENTIFIC 4.3% Number of publications 14.6% 0.6%
IMPACT Industrial property rights (IPR) 85.4% 3.8%
ECONOMIC 14.5% | Mix of public/private income 43.7% 6.3%
AND Public funding model 18.6% 2.7%
ilsl\ll)%lgg,ISAL Total income/staff 19.6% 2.8%
Annual investment 18.1% 2.6%
HR 13.8% | % university graduates 33.1% 4.6%
% PhD graduates 35.7% 4.9%
Permanent contracts 18.7% 2.6%
Existence of a career plan 12.5% 1.7%
EXOGENOUS | 15% Stability of industry and innovation policies 51.6% 7.7%
FACTORS Aid to companies for R&D projects 14.2% 2.1%
Support lines to TCs 22.4% 3.4%
Taxation to encourage investment in 11.9% 1.8%
innovation

public administration expert insisted on the need for close collaboration between TCs and firms
because a TC’s ability to achieve its mission is normally hindered by its “disconnection from
the ‘real’ needs of the local regional business sector for which it was originally conceived as
a priority actor, given the complexity of managing R&D services with a large sample of SMEs
that are not innovation-sensitive.” A public administration expert also added that the TCs must
be “a driving force for the generation and transfer of knowledge and technology to the firms
that they serve within the regional innovation system and with a constant projection towards
excellence.” A business expert considered TCs to be “the only institution that, to date, we know
that is concerned about reaching small companies like ours and proposing strategies to us.”

One of the experts described a broader vision of the concept of TCs’ impact that also
encompasses their impact on society. The view of the TC expert highlights the role of TCs in
“orienting their mission to maximize the impact of their activities. A TC is crucial as long as
it is useful to society. This positive usefulness can be achieved through multiple mechanisms
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(influencing public policies or reaching the market, among others) but it must be an essential
criterion of the TC.” This view suggests that the impact of TCs is twofold, affecting not only
the business sector but also society and the local region.

The second most important variable is the type of TC activity, with 21.9 per cent of the
weight. The type of TC activity undertaken is closely related to its impact on the business sector.
Understandably, this variable is relevant because it determines the value provided by the TC to
its client firms and hence its impact on companies and society. In the AHP analysis, exogenous
factors, the economic and financial aspects of TCs, and factors related to HR management
also emerge as important, with 15 per cent, 14.5 per cent, and 13.8 per cent of the weight,
respectively. The scientific impact of TC activity is much less important than the other areas,
with 4.4 per cent of the weight.

This finding may be related to the role of TCs in the R&D system. TCs are in an intermediate
position between companies, which seek to place their goods and services in the market, and
universities and public research organizations, which generate basic knowledge but are not
necessarily focused on the application of this knowledge in the productive sector. The essence
of TCs lies in the generation of development and innovation for practical application in firms.
Therefore, scientific impact is not always completely aligned with their main mission.

Table 3 shows seven subindicators with more than 5 per cent of importance, according
to expert opinion. These subindicators are innovation actions, private R&D income, impact
on business performance, stability of industry and innovation policies, R&D, public/private
income mix, and number of client firms. The weights of these seven variables amount to 54.2
per cent in TC efficiency. Given the limited resources at the national, regional, and business
levels, these results emphasize the relevance of focusing on the areas represented by these
variables. Resources should be channeled toward the aspects with the greatest impact on TC
efficiency. The effects of TC activity could then act as a catalyst for different sectors within the

FIGURE 5. VARIABLE IMPORTANCE HIERARCHY ACCORDING
TO EXPERTS
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region, and regional competitiveness could thus be improved. Figure 5 graphically illustrates
the prioritization of the seven variables. The most relevant aspects are shown at the top, and the
level of relevance decreases in descending order.

The method employed in this study enables prioritization of each set of variables in each
of the six main areas, as shown in Table 3. Although the most important area in the overall
analysis is the impact on business performance, the detailed analysis reveals that the experts
considered innovation activities to be the most relevant factor in TC efficiency (10.6 per cent).
This result confirms that the backbone of a TC’s activity should be innovation that seeks to
apply relevant knowledge to processes, products, and business models to improve business
performance. This improvement in business performance would result in a positive impact on
regional competitiveness. In this case, the experts emphasized a preference for innovation and
R&D over laboratory services and training.

Other important variables are private income from R&D (8.8 per cent), followed by the
impact on business performance (8.6 per cent), and the stability of industry and innovation
policies (7.7 per cent). The stability of industry and innovation policies was highlighted by all
experts in the qualitative interviews. A TC expert reported that one of the main obstacles is “the
lack of stability in public R&D policies and the uncertainty in the allocation of public funds to
the different instruments that can enhance the activity of a TC and its relationship with other
actors in the R&D system.” In this case, the expert referred to “regional, national, or European
policies. Stable policies, budgets, and programs are essential.”

According to a TC expert, TCs sometimes encounter “fluctuations and uncertainty in the
industrial and innovation policy of the public administration,” which negatively affect their
ability to act and can therefore jeopardize regional competitiveness. A public administration
expert indicated that “dependence (just like many other key players on the political, social, and
financial contexts), instabilities and increasing uncertainties, can lead to unfocused strategies
or growth that is not sustainable over time.” According to a business expert, “TCs require
continuous and sustained commitment over time with stable, continuous, and credible policies.
In this way, the centers can develop their potential in the medium and long term. This framework
of stability for the centers and the innovation system is fundamental.”

The AHP method also enables the segmentation of responses by each group of experts.
This segmentation facilitates detailed analysis of the differences in criteria applied by each group
of experts (i.e., public administration, business experts, TCs, and academics). The results for
each group of experts are shown in Tables 4 and 5. The tables show the six main areas evaluated
and the details of the variables. In relation to type of activity, the national innovation system
(NIS) actors (i.e., public administration, business experts, TCs, and academics) seem to agree
that activities with a shorter cycle, such as technology consultancy and laboratory testing, which
are useful for companies and constitute a first stage in the relationship with TCs, do not generate
the greatest impact. This consideration is reasonable because these activities can generally be
fulfilled by other private sector agents such as consulting firms and private laboratories.

Similarly, expert opinions suggest that TCs are efficient and competitive when they have
a high impact on the regional business sector. Specifically, the TC efficiency translates into a
significant volume of private income from R&D activities and the effect of such collaboration
between TCs and private companies on the performance (e.g., productivity and exports) of
collaborating companies. This vision is consistent with the instrumental view of TCs as vehicles
for improving business and regional competitiveness.

The results also reveal substantial differences between the vision of TCs themselves and
that of academics. These differences are in relation to the greater importance that TCs attach to
their R&D activities and the greater importance that academics attach to indicators of scientific
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impact and HR, with particular emphasis on the percentage of PhDs. According to TC experts,
the type of activity (34.5 per cent) is the most relevant factor for boosting TC competitiveness.
R&D activities (17 per cent) is another noteworthy factor. The impact on the business sector
has a weight of 27.3 per cent. Public administration experts also reported that the impact on the
business sector plays a crucial role in the performance of TCs’ activities (36.3 per cent). These
results confirm the view of TCs as a vehicle to improve regional competitiveness primarily
through applied research and innovation.

Although the fact that TCs attach greater importance to R&D may seem contradictory, this
potential contradiction could be explained by the academic approach to R&D. It is reasonable
to assume that academics tend to conceive R&D from a basic research perspective. Therefore,
academic experts would not consider R&D relevant for TCs, which tend to adopt a practical
approach to R&D. In contrast, the TCs themselves perceive R&D as central to the fulfillment
of their mission. An even greater contradiction emerges when considering the importance that
academics attach to the percentage of PhDs working in the TC. A priori, this high percentage
of PhDs should be expected to be related to greater R&D activity as opposed to innovation or
other less complex activities.

The osmosis effect between the concepts of R&D and innovation is important. The close
link between R&D and innovation may hinder the distinction between one type of activity and
the other by experts. Any review of these concepts would be incomplete without considering
the Frascati (OECD/FECYT, 2002) and Oslo (OECD, 2005) manuals, which are universally
recognized as sources of reference in the fields of R&D and innovation, respectively.

Academic experts attach greater importance to scientific impact and HR indicators, with a
notable weight assigned to the percentage of PhDs in TCs (13.9 per cent). Notably experts from
TCs, firms, and public administration also emphasize the relevance of HR policy and talent
management in TCs. However, the relevance of these factors is seen from the perspective of
effective management. The following are identified as factors for successful TC performance:
“maintaining HR policies in constant evolution to encourage the generation of renewed
knowledge and adaptation to future challenges by developing priority lines of research” and the
existence of “HR that combine technical-scientific excellence with a focus on business results”
(PA expert). These factors are essential because “people management is precisely one of the
determining factors, an effective talent management” (TC expert). Therefore, a TC must “have
an adequate recruitment and retention policy. The excellence and motivation of TC personnel
is critical for the fulfillment of the mission” (TC expert).

TABLE 4. ANALYSIS OF AREAS BY GROUP OF EXPERTS
Final weights (%)
Public TCs Business Academia
administration
Type of activity 12.6% 34.5% 16.5% 19.5%
Impact on the business sector 36.3% 27.3% 28.7% 22%
Scientific impact 5% 2.4% 3% 11.4%
Economic and financial aspects 18.1% 7.9% 22.2% 10.3%
HR 18.1% 9% 8% 30.7%
Exogenous factors 9.9% 18.9% 21.6% 6.2%
Note: PA = public administration; TCs = technological centers.
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TABLE 5. ANALYSIS OF VARIABLES BY GROUP OF EXPERTS.

Final weights (%)
Public TCs | Business | Academia
administration
TYPE OF R&D 4 17 6.4 3.1
ACTIVITY | Innovation 6.7 11.1 7.2 12.1
Testing 0.6 2.4 2 1.8
Training 1.3 4.1 1 2.5
IMPACT Number of client firms 4 4.7 3.9 2.9
ON THE Private income from R&D 6.2 10.7 7.4 5.7
l;]g grlrl\é)ERSS Public income from R&D 3 1 2.8 1.4
National and international public 2.8 3.9 3.6 33
funds received by the TC
Impact on business performance 16.2 4.6 9.8 6.1
Creation of technology-based 4.1 2.5 1.1 2.6
companies
SCIENTIFIC | Number of publications 0.7 0.3 0.4 2
IMPACT Industrial property rights (IPR) 43 2.1 2.6 9.5
ECONOMIC | Mix of public/private income 10.3 2 12.4 2
AND Public funding model 2.7 25 2.2 1.5
ilsl\ll)%léglsAL Total income/staff 3.6 0.4 6.3 2.7
Annual investment 1.5 2.9 1.4 4.1
HR % university graduates 4.6 2.5 34 6.6
% PhD graduates 6.2 1.9 35 13.9
Permanent contracts 4 33 0.5 2.2
Existence of a career plan 33 1.3 0.5 8
EXOGENOUS | Stability of industry and innovation 6.3 9.4 12 2.1
FACTORS policies
Aid to companies for R&D projects 0.8 2 4.6 1.3
Support lines to TCs 1.2 6.3 4 1.8
Taxation to encourage investment 1.5 1.2 1.1 1
1n Innovation

Note: PA = public administration; TCs = technology centers.

The low importance that the academic experts attributed to the stability of public policies
(2.1 per cent) is noteworthy because this factor was highlighted by firms (12 per cent), TCs (9.4
per cent), and public administration (6.3 per cent), albeit to a lesser extent.

Tables 4 and 5 provide an overview of the role of TCs for each group of experts. The
public administration experts reported that the most important factor is the impact of TCs on
the regional business sector, highlighting the “impact on business performance” subindicator.
This group of experts also advocated the need for a public/private income mix to achieve
high levels of TC efficiency. Likewise, business experts emphasized the relevance of business
sector impact. However, the analysis of subindicators shows that the public/private income
mix and the stability of industry and innovation policies are the most important variables. TC
experts focused more on type of activity and, in particular, highlighted the role of innovative
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activities. The volume of private R&D income is also relevant for TC experts. Finally, academic
experts reported that HR is the key aspect for boosting regional competitiveness through TCs,
specifically the role of the percentage of PhDs within the TC.

5. CONCLUSIONS

Based on the AHP methodology, this paper presents a multicriteria expert-based evaluation
of TCs and regional competitiveness. These experts represent all agents of innovation systems.
They prioritized the areas and variables with the greatest influence on the competitiveness and
efficiency of TCs. The analysis was based on the responses of 10 of the 17 experts, corresponding
to those with a CR lower than 10%. Applying this consistency threshold guarantees an acceptable
level of consistency of judgments and ensures the robustness of the model.

First, the results of the AHP provide a ranking of the six areas identified as essential for TCs
according to their importance. The analysis shows that the impact of TC actions on the business
sector is the most relevant area, followed by the type of actions conducted by the TC. This finding
is consistent with the mission of TCs to improve business competitiveness (Mafias, 1999), help
the local region prosper (Mazzoleni & Nelson, 2007), and ensure the welfare of society. A TC
fails to fulfill its mission when local companies do not improve their competitiveness through
collaboration with the TC (Bakici et al., 2013). This enhanced competitiveness may be the
result of developing products, improving processes (Mytelka, 2000), or attracting public funds
for innovation (Dalziel, 2010), among others.

Second, the importance attached to the activity of TCs is consistent with their role in
the innovation system as intermediaries between science or basic research (Cho et al., 2016)
(predominantly performed in universities and public research organizations; de Jesus Pacheco et
al., 2018) and market activity (generally performed by the private business sector). The relevance
of applied R&D focused on knowledge absorption (Cainelli et al., 2012; Huang & Chen, 2020)
by companies is intrinsic to the mission of TCs to improve industrial competitiveness. Both
findings relate to the role of TCs as strategic partners of companies in innovation and technology
(Bendis et al., 2008). This crucial role is explicitly stated in the publications of numerous TCs,
from statutes to strategic plans, activity reports, websites, and social media accounts.

From the perspective of public policy, at the operational level, the results of the analysis
indicate the value of actions aimed at providing stable, multiannual funding to TCs. This could
be accomplished by (i) increasing the activity of TCs in European or national R&D projects,
such as Horizon UE or Life projects at European level or “Misiones” or “Retos colaboracion”
projects at Spanish level or (ii) by implementing long term regional R&D public strategies, with
multiannual programs and budgets.

The expert judgments indicate that society overlooks R&D, limiting the scope of policies
and budgets and hence creating a barrier for TCs. This conclusion should be a warning to all
public and private agents of the innovation system to raise society’s awareness of the importance
of investment in innovation. Such investment maintains the welfare state and people’s quality
of life (Erdin & Ozkaya, 2020). Intermediaries help companies and other organizations to
overcome R&D investment constraints (Xu, 2020) which is a prominent element for increasing
innovation (Johnson & Lybecker, 2012; Diaz-Garcia et al., 2015; Hojnik & Ruzzier, 2016).
Academics have broadly analyzed the relationship between public and private R&D investment
and innovation. Garcia-Alvarez-Coque et al. (2017) showed that innovation was equally
enhanced through private and public R&D investment. In contrast, Scarpellini ef al. (2012)
argue that R&D is mainly financed by public administrations and universities, being private
R&D contributions minimal. Our paper highlights the importance of private compared to public
R&D investment when undertaking innovative activities for improving TC’s efficiency and,
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hence, regional competitiveness. This would provide insights to policymakers who would
design and implement measures and policies that encourage the private sector to invest in R&D
that considers principles of sustainable development, global well-being, and quality of life.

The findings can also be useful to help the internal management of TCs, given the ranking
of variables for each agent in the system, and to encourage lines of action to improve certain
indicators. The conclusions of this research can also be of strategic interest for the design of public
policies to support innovation, specifically those aimed at supporting TCs. Public administrations
can link aid for TCs to the achievement of certain levels of performance in specific indicators
and variables to increase innovation in companies (Dalziel, 2010). Given that public resources
are limited, this hierarchy of variables could be used when designing and implementing regional
efficiency and competitiveness strategies to ensure that aid is granted in a highly targeted manner.

In driving business innovation, the intermediary role of TCs has become essential. They
have a positive effect not only directly on the companies they work with (Cho et al., 2016) but
also indirectly at the regional level (Labra & Juan, 2017). When the efficiency of TCs improves,
they can help companies solve problems with more innovative solutions. The business sector
evolves and has to face major competitive challenges. Regional competitiveness can thus be
enhanced (Mas-Verdu, 2021). Building a solid, competitive, and innovative business sector that
ensures sustainable development is one of the biggest problems facing all Spanish Autonomous
Regions in the 21% century. To achieve sustainable development, the innovative actions of
intermediaries such as TCs can act as a catalyst for regional efficiency and competitiveness
(Gliedt et al., 2018), making TCs essential actors.

This article is not without limitations. Previous literature, experience, and the requirements
for inclusion in the TC register provided the guidelines to identify the variables that affect TC
activity. However, there may be many more aspects involved in TCs’ technological and innovative
processes. To identify these aspects, Spanish academic, business, public administration, and TC
experts were consulted. Nevertheless, in other countries, other factors may be more relevant.
Moreover, because regulations and regulatory enforcement differ in different contexts, other
aspects may be necessary to boost regional competitiveness through TCs.

Given the aforementioned limitations, some future lines of research can be proposed.
The same analysis could be conducted with additional experts from other countries to assess
whether the same variables are considered important or whether other relevant factors emerge.
Regions could thus be compared in terms of key variables and the efficiency of TCs in enhancing
regional competitiveness.
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