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Abstract: The establishment of broad-based networks, such as the Triple Helix, for innovation and 
sustainability is sufficiently corroborated. In this work we suggest that the information received 
from the Triple Helix has a significant and different impact on the objectives of sustainable 
innovation, depending on whether companies cooperate or not. To this end, an empirical analysis 
of a stratified sample of more than 5,000 Spanish medium and high technology companies in 2010-
2014-2015 was carried out. The results confirm that companies that do not cooperate place more 
importance on the information received from the Triple Helix to establish their sustainable 
innovation targets. 
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1. Introduction 

Since the end of the 20th century, we have been facing a paradigm shift leading to what is called 
the knowledge economy, which includes new concepts such as sustainable development and the 
circular economy [1,2]. It entails the need for change in the mission, vision and management of 
companies, decreasing the importance of short-term financial results [3] and increasing the 
importance of values such as social outreach and sustainability. With it emerges the concept of 
sustainable development, defined as “one that meets the needs of the present generation without 
compromising the ability of future generations to meet their own needs” ([4], p. 23). 

Thus, sustainability is at present a priority for companies, which collaborate with different 
companies in their environment as a way to achieve sustainable development. Analysing this 
collaboration, one can discern more stable collaboration behaviours compared to other, more 
occasional ones. Among them, the Triple Helix model allows us to see the degree of collaboration 
with different companies in their surroundings. 

Companies in the medium and high technology (MHT) sector, in which intangibles are essential 
resources, are characterised by their networking in a hyper-competitive, digital and virtual 
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environment [5]. They legitimise their continuity and sustainability by including innovation targets 
that contribute to various domains of territorial sustainability. 

In addition to adequate human resources, seizing opportunities requires that the institutional 
and higher education frameworks adapt to the new context by adopting and assimilating 
technologies for creative use, thus leading companies to internationally competitive products and 
services [6]. 

In this sense, the main objective of this study is to analyse the influence that belonging to 
consolidated collaboration networks has on the priorities of companies when setting sustainability 
objectives. Furthermore, it aims to examine whether their behaviour is different in times of crisis and 
economic growth. 

In order to determine to what extent the information received from the networks they operate 
with is taken into account when setting the objectives of sustainable innovation, a multivariate 
analysis is carried out. 

The objective of this multivariable analysis is to assess, firstly, the degree of involvement of MHT 
companies' innovation activities in relation to sustainability, taking into account whether or not they 
have cooperated with other entities, as well as the scope of the innovation targets of MHT companies; 
secondly, the scope of the innovation targets of MHT companies; thirdly, the impact of the 
participation in collaboration networks on the scope of the innovation targets for sustainability, 
which was measured by the importance given to the information received from the Triple Helix 
components; and fourthly, the traceability of the results in two phases: economic crisis (year 2010) 
and economic stability (years 2014 and 2015). 

To this end, a review is carried out on the importance of sustainability and innovation, with 
emphasis on the relevance of the Triple Helix model as a facilitating factor in sustainable innovation. 
The scope of the innovation targets and subsequent definition of the measurement and structural 
models are obtained; the latter study the causal relationship between the information obtained from 
the Triple Helix components and the innovation targets, which include the three dimensions of 
sustainable development. The results of these analyses provide the necessary material for the 
discussion and main conclusions of this work. 

2. Materials and Methods  

The OECD (Organisation for Economic Co-operation and Development) defines 
competitiveness as "the degree to which a nation can, under free trade and fair market conditions, 
produce goods and services which meet the test of international markets, while simultaneously 
maintaining and expanding the real income of its people over the long-term" [6, p. 184]. 

Therefore, competitive advantage is no longer the exclusive preserve of companies [7]; 
experience tells us that there are nations that succeed and others that fail in international competition. 
Thus, the national dimension becomes a determining factor in an economy where technological 
competitiveness is sought collectively, through specialisation and concentration of effort. 

In a session on the 2030 Agenda for Sustainable Development held on September 25, 2015 [8], 
the United Nations issued a resolution that sets forth 17 Sustainable Development Goals, covering 
the three dimensions of sustainable development: economic, social and environmental. This implies 
a general and universal commitment on the part of the states, which will mobilise the necessary 
resources for its implementation and expansion to all areas of society. 

Understanding sustainable development as "the process capable of satisfying the needs of 
present generations without compromising the ability of future generations to satisfy theirs" [4, p. 
23], the role that it plays in today's society seems clear, making the close link between economic 
development and a rational use of natural resources unavoidable. As a result, business and territorial 
competitiveness must be compatible with social well-being, environmental sustainability and the 
reduction of national imbalances [9], in such a way that national development must take into account 
the spatial dimension (from the local to the global scale), as well as the economic, social and 
environmental ones. 
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All this entails innovation in the factors of the "national society system", with the subsequent 
changes in investment allocation and technological transformations, among others. These changes 
can be seen in all the existing definitions of sustainable development, since they all contain 
environmental, social and economic parameters [10] which intrinsically include essential issues such 
as employment, health, education, pollution control or resource use [11]. It follows that if 
development is to be sustainable, it must be conceived as "a multidimensional and intertemporal 
process in which the trilogy of equity, sustainability and competitiveness is based on ethical, cultural, 
social, economic, ecological and institutional principles" ([12], p. 7). 

One of the most important and necessary sources for national competitive advantage and 
sustainability (sustainable competitive advantage) is knowledge; and, more specifically, the 
economic effects of the intelligent use of knowledge [11]. One of these uses is "innovation", since 
through it countries are getting richer and more competitive by being able to produce more, better 
and more economically. This concept has become so commonplace in all kinds of areas that the view 
has now consolidated that "at present a sustained innovation effort turns out to be a key factor in 
improving the competitiveness of companies and promoting development in the territories" [12]; it 
is therefore of vital importance in the sustainable development of any nation. 

On the other hand, there are proven theories that show that innovation in companies is, to a 
large extent, the fruit of the presence of a specific social, economic or cultural context in the region in 
which they are located. In fact, there are numerous studies [13,14] on competitive advantages of 
nations and regions or on the innovative environment and innovation networks that try to locate key 
factors external to the companies, but endemic to the nations where the innovation processes arise 
and take place. 

These innovation processes are associated with environments in which relationships, based on 
mutual trust [15], are the fundamental channel for the flow of information and knowledge, facilitating 
the establishment of networks of innovation and processes based on interactive learning [14]. 

It is also true that, in order to cope with globalisation, companies tend to establish more intense 
relationships with the local industrial and economic fabric, as well as to opt for specialisation, higher 
qualification of their employees and organisational flexibility. 

All this requires the availability of advanced services in their environment; it also implies the 
need, for example, to establish networks or to be situated in specialised areas [1]. Reality shows that 
the establishment of broad-based networks for the development of innovation, involving all types of 
economic actors, is progressively increasing [16]. 

Furthermore, the fact that innovation development is increasingly oriented towards integrating 
basic and applied research into new business models and progress in social responsibility [17] leads 
to the overlapping of different socioeconomic actors: industry requesting research services; the 
university, a space that generates knowledge and provides basic and applied research services; and 
the government, an actor that facilitates the generation of collaborative relations between the 
university and business, through policies for the promotion and development of innovation [18]. In 
short, and as corroborated by a good number of studies carried out from different methodological 
points of view [19–23], it is necessary to establish Triple Helix networks that undertake research for 
innovation [24]. 

Spanish MHT companies are no stranger to this need for innovation and development in an 
environment in which the Triple Helix model is a facilitating agent, since they operate in an institutional 
context with pressure towards change in general and, at this time in particular, towards activities aimed 
at protecting the environment and the search for sustainability [25]; the latter must be specified in the 
adoption of criteria in the three dimensions of sustainable development (see Table 1). 
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Table 1. Dimensions of sustainable development. 

Economic Social Environmental 
Activity towards financially 
possible and profitable social 

and environmental 
sustainability 

Mitigate its negative social 
impact and enhance the 

positive one (employees...) 

Make the activity carried out 
compatible with the 

maintenance/improvement of 
ecosystems and biodiversity 

Fuente: Oñate, Pereira, Rodríguez, & Cachón [25] 

The three dimensions, which the present work uses in order to classify the innovation targets for 
sustainability. 

2.1. Triple Helix and Economic Sustainability 

During the first years of this century, sustainability science went through a process of broad 
discussion in the scientific community, making it possible for this issue to enter the political agenda. 
According to Trencher, it is academia that can lead this process for its crucial role in the fields of 
government and economy [26]. 

As an interdisciplinary research field, sustainability science seeks to pursue research that will 
provide the tools necessary to meet the challenges posed by environmental, social and economic 
change [27]. As Scalia, Barile, Saviano and Farioli [28] point out, sustainability objectives are achieved 
when the actors represented and integrated in the Triple Helix model (Figure 1) have adopted 
ethically engaged dynamic developing policies and actions on sustainability, climate change and 
industrial activities in a more explicit way [29]. 

 

 
Figure 1. The triple helix of sustainability [30]. 

The difficulty in analyzing sustainability problems from a single discipline leads difeerent 
authors [31] to study the phenomenon of sustainability and sustainable development based on the 
Triple Helix model, treating two main problems: (1) the unmet need to overcome the fragmentation 
of knowledge needed to address sustainability, and (2) the crucial need to strengthen the science-
policy-industry interface in order to co-create knowledge and solutions for sustainability [31]. By 
using the Triple Helix model for sustainability as a reference model, an ethically engaged interaction 
is created between the three dimensions of sustainability (environmental, social and economic), the 
three representative actors (science/university, politics/government and industry) and the three 
disciplinary domains (environmental, social and economic). 

Some authors have referred to corporate responsibility as a key element in contributing to 
sustainability. Orecchini, Vitali and Valitutti [32], in particular, indicate that its importance lies not only in 
its central role in curbing the current situation, but above all in the role that companies have yet to play in 
the transition towards sustainability. For these authors, collaboration between industry and academia is 
essential in sustainability science [33]. The concept of corporate sustainability centred on that successful 
collaboration between companies and academics is a central aspect of sustainability [32]. 
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Furthermore, some authors refer to the relationship between the Triple Helix model and the 
circular economy. Along this line, they have been analysing for some years how technological and 
economic development should be linked to a more sustainable production and consumption of 
resources in the future [34]. 

We therefore see that the Triple Helix model favours economic development [35]. Some 
contributions in this sense relate, for example, the Triple Helix with entrepreneurship [36] or with the 
concept of open innovation [37]. In both cases a positive effect of the Triple Helix on the 
entrepreneurial and economic ecosystem in general can be observed. 

Based on the above, the following hypothesis is put forward: 

H1. Triple Helix has a positive and significant impact on the economic innovation targets of companies. 

2.2. Triple Helix and Social Sustainability 

The Brundtand Report characterizes and defends the concept of sustainable development, 
establishing that equity, social justice and environmental conservation are its fundamental principles. 
In fact, 10 of the 17 Sustainable Development Goals (SDGs) relate to the social dimension [8], 
emphasising equity, social justice and a fair distribution of resources within and between generations. 
However, policies, industrial activities and education have mainly dealt with the environmental 
dimension, ignoring the social implications that this has, which may lead to contradictions between 
the goals established to achieve the SDGs. This vision forgets that environmental exploitation and 
degradation usually go hand in hand with asymmetrical situations of social justice, quality and 
equality [38]. 

Thus, the social dimension has been playing a secondary role [39,40], barely linked to the 
environmental dimension [41], when the fact is that in a world of finite natural resources, a more 
equitable distribution becomes essential, if the objective is that more and more people should have 
access to said resources. Overlooking the social dimension implies that institutions will not provide 
a response to society's requirements and will continue to focus on improving environmental policies. 
Therefore, a paradigm shift is required whereby society and social values take precedence over 
economic and efficiency criteria for the exploitation and management of resources [42,43]; where the 
social, economic and institutional sphere is based on distinctive elements of equity, participation, 
identity, cultural development and the empowerment of people [40,44]. In this way, the social 
dimension would become the starting point for developing and interpreting economic and 
environmental processes for sustainability, through socioenvironmental and socioeconomic 
indicators. 

In the design, implementation and dissemination of social sustainability measures, the Triple 
Helix model of innovation can act as a facilitating agent for economic and social development, as 
corroborated by several studies [28,45], and set the foundations for rapid social development, when 
political and social agreements are established under principles of equity and transparency [46]. This 
is because the model is based on the establishment of medium- and long-term relationships of a 
reciprocal nature that promote innovations and cause transformations in how industry-university-
government perceive their environment and act in it [47]; when the three components are represented 
in the work group, trust and social impact are generated [48]. 

In turn, the Triple Helix proves its ability to contribute to social sustainability [35] when the 
components work on solutions—including social sciences and technologies—to issues raised by 
industry, society or public administrations [49]. This model promotes systemic, organisational and 
social innovations that include new social conventions and channels for interaction, which is why it 
is proposed as a strategy to increase social capital and close technological gaps [46]. 

Within this model for innovation, the role of the university as a generator of social trust [50,51] 
is relevant for sustainable development because it contributes social capital to the analytical centres 
of innovation where it produces innovative works [52] and generates a "social contract" of science in 
accordance with existing social and economic demands [47,53]. 

The social commitment of the university must be global [54], given that the global 
interconnection at the economic and social levels is increasing. 



Sustainability 2020, 12, 3274 6 of 20 

Based on this literature review, the following hypothesis is proposed: 

H2. The Triple Helix has a positive and significant impact on the social innovation targets of companies. 

2.3. Triple Helix and Environmental Sustainability 

Within companies, environmental sustainability focuses at first on the prevention of pollution 
and then on the responsible management of resources in the production process, in order to reach 
the desirable stage of sustainable environmental development, in which the purpose of 
environmental care is fully and strongly rooted in the company's corporate and competitive strategy 
[55]. This transition requires a change from the current concept of economy to the concept of circular 
economy [56], understood as one that is "restorative and regenerative by design and aims to keep 
products, components, and materials at their highest utility and value at all times" ([57], p. 2). 

This change in the economic paradigm faces resistance, not only from companies, but also from 
the markets and other economic actors, although the latter may also be part of the solution, when 
they all share the same vision of sustainability [58–60]. Pursuing this first path towards sustainability 
(environmental sustainability) and remaining there requires that innovation be oriented in this 
direction [61,62], a fact that has been studied and recognised by academia, industry and the 
government [63–65], the components of the Triple Helix model. 

All this implies a new environment in which disruptive changes will take place, starting with 
the philosophy and values of a company and continuing with products and processes, aimed at 
creating and transferring environmental value, in addition to economic benefits [66–68]. In this way, 
innovation for environmental sustainability spreads throughout the company, taking deep root in its 
culture through, e.g., integrated environmental strategies and environmental management systems, 
until it becomes a strategic behaviour [69–71]. 

In this new culture of sustainable innovation, the Triple Helix model acts as a facilitating agent 
[72], since it perceives innovation as the result of a complex and dynamic process of experiences in 
science, technology, research and development, in which universities, companies and governments 
are integrated into an unlimited spiral of transfer and generation of knowledge and innovation [73]. 

Numerous studies on experiences in Triple Helix cooperation for innovation in environmental 
sustainability show that greater collaboration between actors belonging to the Triple Helix 
components results in a faster, more effective and efficient innovation process for environmental 
sustainability [74]. Examples include studies by Hjalmarsson [75] on renewable energies in the 
transport system in Stockholm; by Björklund and Gustafsson [76] on the distribution of municipal 
goods in Sweden and its environmental impact; on strategic energy activities in Swedish 
municipalities [77] and on factors influencing municipal climate and energy plans [78], among others. 

The Triple Helix strategy is very useful for understanding how to minimise the impact of climate 
change on production and supplies—for example in the agrifood sector—and to organise a 
sustainable supply chain that is profitable in the long term [79].  

Clearly, environmentally sustainable development critically depends on the voluntary efforts of 
companies to successfully implement environmental activities [80]. However, the performance 
obtained is significantly superior in terms of eco-innovation, i.e., in terms of economy, ecology and 
social development, when operating with Triple Helix rather than individually [70,81]. 

This is because in this model, companies meet their demands for technological development by 
approaching higher education institutions and research centres in order to obtain the technology and 
meet market demand. To this end, the government acts as facilitator of such interaction. Thus, it 
should be considered a dynamic and holistic process that assumes complex environmental, social, 
ethical and democratic attributes, until it becomes a place where the components are organised for 
the transformation and conservation of the environment. 

In view of the above, the following hypothesis is put forward: 

H3. Triple Helix has a positive and significant impact on the environmental innovation targets of companies. 
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2.4. Method 

The objective of the analysis is to express and evaluate the impact that the Triple Helix 
components have on the innovation targets for sustainability, as well as the dimensions of both 
constructs and their most significant variables. In order to obtain more accurate and easily 
comparable results, multivariate quantitative techniques were applied. In order to determine the 
components of the innovation target construct, a maximum likelihood exploratory factor analysis 
(EFA) was carried out, using the computer application SPSS 24.0.  

Secondly, to find out the nature of the relationship between the constructs, a maximum 
likelihood confirmatory factor analysis (CFA) was carried out, using structural equation modelling 
(SEM) and the computer application AMOS 24.0. 

Initially, an EFA was carried out to identify the number and composition of the underlying 
constructs, to explain the common variance of the set of variables analysed. This is because the EFA 
assumes that the observed variables are reflective measures of a certain number of common 
constructs or latent variables [82,83]. However, the EFA does not allow defining the incidence of each 
variable in the measurement of each construct nor the relations that can exist between the obtained 
constructs. To do this and to complete the verification of the reliability of the variables and constructs 
as well as their consistency, the CFA is used, since it allows us to define, among other things, the 
relationships between the constructs, which in turn will permit us to confirm or refute the hypotheses 
raised. In this sense, it can be said that the EFA is used to build the theory and the CFA to confirm it. 
Ferrando and Anguiano-Carrasco [84] define both analyses as the two poles of a continuum. For this 
reason, we begin with an EFA that builds the theory of the dimensions of the innovation objectives 
in sustainability. This is then confirmed, along with the relationships between these constructs and 
the Triple Helix construct, by means of a CFA. 

Given the normality of the sample, the maximum likelihood method has been used in both cases, 
since it provides unbiased estimators. In other words, after extracting an infinite number of samples 
and recalculating the estimators, the average value of the estimators will be that of the total 
population. This method is efficient because if the standard deviation of the infinite samples is 
calculated, the lowest value will be obtained, compared to those resulting from applying other 
methods [85,86], and this value is invariant to changes of scale. 

The data analysed have been taken from the items referring to the proposed hypothesis in the 
Spanish National Statistics Institute's (INE) innovation survey. This survey has been conducted each 
year since 1994 among randomly selected firms from all industries in the Centralised Companies 
Directory (Directorio Centralizado de Empresas - DIRCE). The companies are obliged to answer it 
and the sample is kept for 6 years, hence the choice of the years studied. 

The study originally arose out of the OECD’s interest in preparing and improving useful 
indicators for gathering and interpreting data on innovation since 1990. These indicators of 
innovation, as well as factors influencing the organisations´ capacity for innovation and performance 
(including government action), were followed by others in the field of business strategy and plans. 
Their innovation performance and profitability are published by EUROSTAT, the statistical office of 
the European Union in its Community Innovation Survey (CIS), which began gathering data in 1993 
(in Spain in 1994). 

The CIS provides the European Union with a stable framework for the analysis and presentation 
of overall and sector-specific data on innovation, allowing for comparisons between member states. 
It also meets all the essential criteria required of any questionnaire in terms of validity and reliability, 
making it an appropriate instrument for this study. This choice is due to the fact that, being a survey 
sent by a public body, it offers reassurance to the recipient, which results in greater sincerity in the 
responses and, consequently, in a high level of reliability. The effectiveness and speed of response 
avoids the bias that appears when there is no response within a certain and short period of time. A 
high response rate is obtained (over 96%). Moreover, the use of a methodology widely accepted at 
the European level gives it a strong consistency and facilitates the interpretation of results. 
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In this particular case, the opinion of more than 5000 Spanish MHT companies was collected. 
Said sample—for a confidence level of 95%—offered a margin of error of 3.83% (in the worst case), 
making it feasible to apply the SEM model to a reliable analysis of covariance [85]. 

The aim was to demonstrate, furthermore, the consistency of the dimensions and the proposed 
model over time and in different economic situations. This is why the empirical study covers the year 
2010—the hardest year of Spain’s last economic crisis—and two years of confirmed economic 
stability, 2014 and 2015. 

After reviewing the indicators of the innovation survey, the following indicators of innovation 
targets and the Triple Helix were identified (see Table 2): 

Table 2. Independent variables analysed. 

Innovation Targets 
Less materials per unit produced (E6_H) 

Less energy per unit produced (E6_I) 
Lower labour costs per unit produced (E6_G) 

Increased production or service capacity (E6_F) 
Greater flexibility (E6_E) 

Compliance with environmental, health or safety regulatory requirements (E6_O) 
Improving the health and safety of your employees (E6_N) 

Lower environmental impact (E6_M) 
Increase in specialised employment (E6_K) 

Increase in total employment (E6_J) 
Job retention (E6_L) 

Larger market share (E6_C) 
Penetration of new markets (E6_B) 

Improved quality of goods or services (E6_D) 
Wider range of goods or services (E6) 

Information Extracted from the Triple Helix 
Suppliers of equipment, material, components or software (E4_A) 

Customers (E4_B) 
Competitors or other companies in the same industry (E4_C) 

Consultants, commercial laboratories or private R&D institutes (E4_D) 
Universities or other higher education institutions (E4_E) 

Public research bodies (E4_F) 
Technology centres (E4_G) 

Conferences, trade fairs, exhibitions (E4_H) 
Scientific journals and commercial/technical publications (E4_I) 

Professional and sectoral associations (E4_J) 

In addition to the indicators, the companies that did or did not establish cooperative relations 
for innovation were identified, as well as the economic actors that were most valuable to them when 
it comes to cooperation (see Table 3): 
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Table 3. Level and actors of cooperation. 

  2010 2014 2015 
Do not cooperate 56.95% 57.05% 57.11% 
Cooperate with: 43.05% 42.95% 42.89% 

Other companies in the same group 7.65% 16.73% 14.55% 
Suppliers of equipment, material, components or software 7.83% 9.96% 10.19% 

Clients 13.51% 15.20% 16.71% 
Competitors or other companies in the sector 3.71% 1.75% 1.96% 

Consultants, commercial laboratories, private R&D institutes 3.57% 9.51% 6.57% 
Universities or other higher education institutions 13.55% 4.13% 4.42% 

Public research bodies 5.86% 17.89% 17.51% 
Technology Centres 9.62% 24.89% 25.09% 

The levels of cooperation were quite stable, but not the actors with whom these relationships are 
established: these, as can be seen, diverged significantly depending on the economic situation of the 
year studied. 

All this led to studying both the dimensions in which companies group their innovation targets 
and the impact that the information received from the components of Triple Helix has on them—
components which are none other than the actors with whom they establish or can establish 
cooperative relationships. 

3. Results  

The percentage of companies that established cooperative relations with other economic actors 
for innovation was between 6 and 7 points lower than those that did not; that is to say, they were 
more reluctant to cooperate than to work independently. This difference increased as economic 
stability became more consolidated, in such a way that the more economic stability there was, the 
less cooperative alliances were established. In turn, cooperation partners also varied depending on 
the economic environment. 

Thus, with the exception of suppliers and customers, who maintained a more or less constant 
upward trend over time, the rest varied significantly. While in years of economic recession 
cooperation with group companies was among the least relevant, it more than doubled its importance 
in stable environments. The opposite happened with competitors, with whom survival alliances were 
established in years of crisis, to then be cut to half and become practically irrelevant when the 
economic situation improved. The same is true of universities, which went from taking 13.55% of 
cooperation agreements in 2010 to just over 4% in 2014 and 2015. 

Finally, three actors whose behaviour was similar to that of the group companies, although with 
very different variations, were the consultancies, the public research bodies and the technology 
centres, whose cooperation levels were very low during the economic crisis of 2010. However, they 
increased markedly (in some cases tripled) in stable and recovered economic environments. Those 
who benefited most were the technology centres, followed by public research organisations and 
ending with consultants. 

3.1. Exploratory Factorial Analysis of the Innovation Targets 

First, the Kaiser–Mayer–Olkin (KMO) test was carried out to measure sampling adequacy. It 
indicates that the variables measure common factors when it reaches values greater than 0.55. Our 
results show a KMO greater than 0.85 in all cases, and the Bartlett sphericity test shows a significance 
level of less than 0.05, making the EFA feasible. 

The normal distribution and size of the sample recommend a maximum likelihood EFA with 
Varimax rotation and Kaiser normalisation [87], in order to know the structure of the latent variables 
that reveal the connection between the independent variables studied. In this case, it was a matter of 
determining the dimensions of the innovation targets, establishing their level of coincidence with the 
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dimensions of sustainable development, knowing their degree of importance in each year and group 
of companies and thus extracting the constructs for the subsequent Confirmatory Factor Analysis. 

The analysis offered common results in all the years and groups of companies (cooperate and 
do not cooperate), in terms of the dimensions that were extracted (see Table 4) and that represented, 
in all cases, around 74% of the explained variance: 

Table 4. Dimensions of the innovation targets. 

Economic Sustainability Objectives 
Fewer materials per unit produced (E6_H) 

Less energy per unit produced (E6_I) 
Lower labour costs per unit produced (E6_G) 
Greater production or service capacity (E6_F) 

Greater flexibility (E6_E) 
Environmental Sustainability Objectives 

Compliance with environmental, health or safety regulatory requirements (E6_O) 
Improving the health and safety of your employees (E6_N) 

Lower environmental impact (E6_M) 
Social Sustainability Objectives 

Increase in specialised employment (E6_K) 
Increase in total employment (E6_J) 

Job retention (E6_L) 
Greater market share (E6_C) 

Production Objectives 
Penetration of new markets (E6_B) 

Improved quality of goods or services (E6_D) 
Wider range of goods or services (E6) 

In turn, the percentage of explained variance for each factor was also similar in all cases: between 
42 and 45% for the first factor; between 11 and 13% for the second factor; about 10% for the third 
factor; and about 8% for the fourth factor. However, the importance that each factor has for the 
company, differed both according to whether the company cooperates or not and according to the 
year studied. 

3.1.1. Cooperating Companies 

In 2010—when the economic crisis hit the hardest—the priority factors were those that refer to 
the dimensions of sustainable development. The most important factor was the one that includes 
environmental sustainability objectives; the second factor or dimension referred to the objectives of 
economic sustainability; the third was that of social sustainability; and the fourth and last was the 
one that refers to production objectives. 

In the years 2014 and 2015—of economic stability—these companies also prioritised the 
dimensions of sustainable development, although the order varied: first factor: economic objectives; 
second: environmental objectives; third: social objectives; and the fourth continued to be the factor 
that refers to production objectives. 

3.1.2. Non-Cooperating Companies 

In 2010, the first factor corresponded to the economic dimension; the second factor referred to 
the environmental dimension; the third factor comprised the production objectives; and the last factor 
referred to the social dimension. 

In the years 2014 and 2015, the distribution was similar, differing only in that the second factor 
comprised the production targets and the third the environmental dimension. 
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Therefore, it can be seen that the companies grouped the innovation targets in four different 
dimensions, which were composed of the same variables. These correspond to the three dimensions 
of sustainable development; the fourth group variables of innovation targets focused on the product. 
Although the order varies, in all cases of cooperating companies the priority objectives were those of 
sustainable development and the last was the product-focused factor. However, non-cooperating 
companies gave more importance to the production targets. 

Following this analysis, the internal consistency and reliability of the independent variables 
were verified using Cronbach's Alpha [88], with a result that ranged between 0.85 and 0.93 for all the 
variables, in all the cases studied. The analysis of the discrimination capacity of the variables—by 
means of the calculation of the homogeneity index—was in all cases lower than 0.2 [89]. This indicates 
that the results of the EFA are valid. However, this reliability analysis is not definitive; it must be 
verified by Confirmatory Factor Analysis (CFA) in order to ratify the dimensions obtained [85] and 
confirm or refute the hypotheses raised. 

3.2. Triple Helix and the CFA Sustainability Innovation Targets 

The confirmatory factor analysis that is proposed, by year and type of company (cooperative or 
non-cooperative), seeks to know both the weight that each axis of the Triple Helix has on Spanish 
technology and the impact that this model has on innovation targets for sustainable development. 

The SEM methodology of covariance analysis has been chosen because all constructs are 
reflective, and it analyses the causal relationships between variables [90]. As a consequence, this 
analysis is also called confirmatory [91]. The objective is to empirically explain the significant causal 
relationship of interdependence between constructs, to estimate structural parameters and to provide 
complete information about their validity, in order to represent the causal effect of the theoretical 
relationship [92]. For this, it is necessary that the independent variables (indicators) that form each 
construct are significantly correlated, a fact that occurs both in the innovation targets—product of the 
EFA — and in those that define the components of the Triple Helix. According to Bizquerra [93], the 
advantage of the model is to convert theoretical knowledge into empirical evidence. 

To develop and validate the measurement and structural models, the following steps were taken 
[85,86]: 1. model specification; 2. its identification; 3. parameter estimation; and 4. evaluation and 
adjustment. Regarding the estimation of parameters, since the sample follows a normal distribution, 
the maximum likelihood method has been applied, which is the one that offers more accurate results 
in this type of samples. 

3.3. Measurement Model 

Regarding the identification and specification of the model, it is overidentified and recursive, so 
it is possible to continue with the revision of its standardised factor loadings for the measurement 
model and, if it is valid, for the structural model. 

The evaluation of the parameters of the measurement model—or the weight of the independent 
variables in the latent variable or construct that they form—resulted in loadings significantly higher 
than 0.5 and critical values (CV) greater than 1.96, greatly exceeding the recommended minimum 
values. Consequently, we could continue with the analysis of the structural model. 

The fact that the correlation between the constructs of the Triple Helix components was greater 
than 0.3 and less than 0.8 indicated that it was pertinent to propose a second degree construct (Triple 
Helix - THX); it was defined by the three latent variables mentioned, in order to subsequently 
establish the causal relationship between this construct and the constructs that include the innovation 
targets for sustainable development. However, the correlations between the constructs of innovation 
targets for sustainability did not reach the required minimum of 0.3 to propose a second-order 
construct that includes them and explains these objectives globally (see Figure 2). 

The analysis of the structural model reinforced the results of the weights and critical coefficients 
of the independent variables. In turn, the critical weights and coefficients of the endogenous latent 
variables were significantly higher than 0.5 and 1.96, respectively (see Table 5). 
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Figure 2. Measurement and Structural Model. 

Table 5. Validity and reliability of the independent and dependent explanatory variables. 

     Establish Cooperative Relationships Do NOT Establish Cooperative Relationships 

     Standardised 
Factor Loadings 

Critical Values 
(CV) 

Standardised Factor 
Loadings Critical Values (CV) 

     2010 2014 2015 2010 2014 2015 2010 2014 2015 2010 2014 2015 
IND <- TRHX 0.71 0.60 0.71     0.72 0.82 0.81     

UNIV <- TRHX 0.95 0.82 0.85 18.28 12.81 16.64 0.94 0.82 0.83 31.91 22.07 16.64 
GOBR <- TRHX 0.89 0.74 0.70 20.18 14.55 17.85 0.90 0.67 0.67 35.69 22.57 17.85 
E4_J <- IND 0.60 0.63 0.67     0.64 0.65 0.64     
E4_I <- IND 0.60 0.55 0.56 27.45 31.30 28.92 0.56 0.59 0.55 46.99 32.68 31.56 
E4_H <- IND 0.57 0.51 0.55 28.24 33.06 30.63 0.51 0.52 0.50 48.71 31.26 33.31 
E4_C <- IND 0.68 0.70 0.69 20.24 23.47 23.92 0.71 0.72 0.74 34.39 28.75 30.33 
E4_B <- IND 0.72 0.74 0.73 16.28 19.91 19.31 0.75 0.74 0.73 29.68 29.91 26.55 
E4_A <- IND 0.75 0.80 0.80 15.36 30.75 28.70 0.79 0.77 0.79 26.68 32.17 33.03 
E4_D <- UNIV 0.55 0.58 0.59     0.60 0.71 0.70     
E4_E <- UNIV 0.60 0.74 0.59 20.41 17.88 17.33 0.71 0.67 0.67 38.72 31.81 26.36 
E4_F <- GOBR 0.76 0.75 0.77     0.83 0.84 0.84     
E4_G <- GOBR 0.71 0.77 0.74 26.60 18.43 22.95 0.79 0.86 0.88 53.91 38.28 38.54 
E6_E <- ECON 0.60 0.67 0.68     0.62 0.70 0.71     
E6_F <- ECON 0.62 0.68 0.70 23.34 29.68 30.27 0.64 0.73 0.74 38.50 85.06 38.55 
E6_G <- ECON 0.76 0.80 0.80 26.79 32.69 32.18 0.79 0.84 0.84 44.68 38.36 41.54 
E6_H <- ECON 0.83 0.83 0.83 28.33 28.11 29.23 0.86 0.86 0.83 47.21 41.77 36.31 
E6_I <- ECON 0.82 0.81 0.81 28.12 27.63 28.64 0.85 0.84 0.83 46.90 42.45 36.08 
E6_J <- SOCI 0.88 0.89 0.89     0.89 0.93 0.92     
E6_K <- SOCI 0.91 0.93 0.92 45.68 56.79 54.38 0.94 0.94 0.96 81.97 53.02 85.92 
E6_L <- SOCI 0.64 0.69 0.69 32.76 37.74 37.26 0.68 0.75 0.75 55.77 38.39 52.69 
E6_M <- MEDB 0.79 0.81 0.82     0.82 0.86 0.84     
E6_N <- MEDB 0.88 0.89 0.89 44.98 48.25 48.65 0.89 0.91 0.91 75.89 66.90 61.76 
E6_O <- MEDB 0.90 0.91 0.91 45.70 50.07 49.90 0.91 0.92 0.90 76.96 68.19 61.57 
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The reliability of the indicators and constructs has been evaluated using the composite reliability 
coefficient [94], since it does not depend on the number of attributes associated with each concept. Its 
value exceeded 0.70 (recommended minimum) in all cases. Finally, as far as the structural model is 
concerned, the consistency of constructs has been examined through the average variance extracted 
(AVE), with results above 0.50 for all of them [95,96]. These results indicate that the CFA is valid and 
the adjustment of the structural model can be used (see Table 6). 

Once the reliability of indicators and constructs and the consistency of the model had been 
tested, the use of the explanatory variables of each construct resulted in the Industry Component of 
the Triple Helix: in all cases, the variables with the greatest weight—therefore those that best 
represented the construct—were suppliers, customers and competitors, with very similar values 
between them and always between almost 0.70 and 0.80. In the case of the University Component of 
the Triple Helix, the variable that best reflected this component was the University, with values 
between 0.60 and just over 0.70. It was stronger among companies that do not cooperate. In relation 
to the Government Component of the Triple Helix, the weight of the variables in the construct was 
very similar, in all cases. The weight of the indicators became more evident among the companies 
that do not cooperate. For the next variable, the economic objective of sustainable development, three 
variables with the same trend and very similar loadings could be seen, with a homogeneous trend 
over time and taking slightly higher values among those companies who do not cooperate, although 
in all cases they obtained values higher than 0.8. These objectives were, per unit produced: using 
fewer materials; consuming less energy and lowering labour costs. The increase in specialised 
employment was the prevailing indicator, with values greater than 0.9, in all cases, for the social 
objective of sustainable development. The increase in total employment followed closely behind, with 
values between 0.89 and just over 0.9. The variable maintenance of employment had much less 
weight; however, if we disregard it, the fit of the model worsens. Finally, the environmental objective 
of sustainable development: the variable that explained, almost by itself, this construct was the 
compliance with regulatory requirements, with values greater than 0.9 in all cases. The variables, 
improvement of the health and safety of people and reduction of the environmental impact followed 
closely behind, with values higher than 0.8 and sometimes 0.9. 

In summary, all the proposed constructs are composed of variables with important standardised 
loadings, which points to the robustness and validity of the measurement model. 

Regarding the second-order construct, the results showed important factor loads of the latent 
variables that compose it. 

The most important and explanatory variable was the University, which lost weight in years of 
economic stability and approached unity in years of crisis environments; the second most important 
variable was the Government component, with a behaviour similar to that of the University, with 
values ranging from around 0.9 in 2010 to 0.70 in 2014 and 2015. Less important was the Industry 
component, with values between 0.6 and 0.8, which were stable among the companies that 
cooperated and improved significantly once the crisis was overcome, in the case of companies that 
did not cooperate. 

3.4. Structural Model 

This model is made up of 21 indicators and 7 latent variables (Figure 2). Of the latter, those that 
form the first-order constructs referring to the Triple Helix are the explanatory variables of the 
second-order construct. To analyse the model's goodness of fit, the Chi-square test was used (χ2), but 
since this index is very sensitive to the size of the sample, other absolute indexes such as the RMR 
and the RMSEA were analysed. Likewise, the relative index CFI was used, which takes into account 
the size of the sample [97].  
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Table 6. Structural model adjustments. 

Statistical Test 
Establish Cooperative 

Relationships 
Do NOT Establish Cooperative 

Relationships 
2010 2014 2015 2010 2014 2015 

χ2 158 155 194 157 178 174 
df 22 21 17 52 27 25 

RMR 0.018 0.014 0.013 0.015 0.014 0.014 
RMSEA 0.038 0.034 0.035 0.033 0.034 0.033 

CFI 0.820 0.830 0.830 0.840 0.850 0.850 

The model adjustments indicate a more than acceptable goodness of fit, because, although the 
CFI coefficient did not reach the ideal value, it was very close to it in all cases (see Table 6). 

To confirm the hypotheses raised (Table 7), the impact of the Triple Helix on the innovation 
targets for sustainability was analysed—taking into account that the sample size gives greater 
significance to the relationships established—through the standardised factor loadings of the 
constructs of innovation targets for sustainability in the Triple Helix construct. The analysis showed 
a significant and positive impact, since the impact of the Triple Helix on the environmental 
sustainability objectives of cooperating companies increased significantly (45% in 2010, 72% in 2014 
and 65% in 2015), a trend that was maintained in companies that did not cooperate (46% in 2010, 68% 
in 2014 and 71% in 2015). The same is true of the impact of the Triple Helix on social sustainability 
objectives (43% in 2010, 62% in 2014 and 64% in 2015 for cooperating companies and 49% in 2010, 
72% in 2014 and 71% in 2015 for non-cooperating companies) and on economic sustainability 
objectives (37%, 69% and 61%, respectively, for cooperating companies and 39%, 71% and 64% for 
non-cooperating companies). On the other hand, using second-order models allowed us to specify 
the structure of the regressions between the constructs using the coefficient of determination (R 
squared or R2) that indicates how much of its variance is explained by the model. In this case, the 
percentages ranged between 40% and 50%—significant values, since to be considered significant it is 
enough that they exceed 30% [86]. This leads us to confirm the hypotheses raised about the Triple 
Helix having a positive and significant impact on the innovation targets in the three dimensions, 
namely economic, social and environmental (H1, H2 and H3). 

Likewise, the model is predictive in all cases, since the Triple Helix explained more than 20% 
(C.R. or R2) of the variance of the innovation targets for sustainability in all cases (see Table 7).  

This explanatory power was higher for non-cooperative companies and in years of economic 
stability (2014 and 2015) [97]. 

Table 7. Impact and % variance of sustainability innovation targets explained. 

Companies that Establish Cooperative Relationships 
Impact of Triple Helix on Sustainability 

Innovation Targets 
% Explained Variance for the 

Triple Helix 
      2010 2014 2015 2010 2014 2015 

MEDB <-- TRHX 0.45 0.72 0.65 0.40 0.42 0.53 
SOCI <-- TRHX 0.43 0.62 0.64 0.38 0.41 0.38 

ECON <-- TRHX 0.37 0.69 0.61 0.34 0.37 0.47 
Companies that do NOT Establish Cooperative Relationships 

Impact of Triple Helix on Sustainability 
Innovation Targets 

% Explained Variance for the 
Triple Helix 

   2010 2014 2015 2010 2014 2015 
MEDB <-- TRHX 0.46 0.68 0.71 0.41 0.50 0.51 
SOCI <-- TRHX 0.49 0.72 0.71 0.44 0.51 0.50 

ECON <-- TRHX 0.39 0.71 0.64 0.36 0.46 0.42 
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With regard to the structural model, which considers the impact the Triple Helix has on the 
prioritisation of innovation targets for sustainability, the results showed a significant and similar 
impact for all companies and for the three dimensions of sustainable development. 

It should be noted that the explanatory capacity increased significantly in the years of economic 
boom and that, although the difference is not very high, it acquired higher values when working with 
the companies that did not cooperate; the same happened with the percentage of variance that the 
Triple Helix explains with regard to each construct of the innovation targets. Again, the proposed 
model was predictive, since in all cases the percentage of variance explained assumed values above 
20%. 

The results are in line with other studies, such as those carried out by Etzkowitz and Zhou [35]; 
Kimatu [98]; Anttonen, Lammi, Mykkänen and Repo [34]; and Compagnucci and Spigarelli [99], 
among others. 

4. Discussion 

The results show that companies take into account information received from the Triple Helix 
in a similar way when setting sustainable innovation targets [31].  

Within each of the dimensions of the objectives for sustainability, the innovation target variables 
with the most explanatory force coincide for all types of companies and economic environments. 
Thus, in terms of economic sustainability objectives, companies prioritise less material, less energy 
and less labour cost per unit produced. All of them refer to an improvement in production processes 
that result in a better use of resources, lower costs [27] and improvement in environmental 
management due to responsible management of resources [55]. 

Regarding social sustainability—measured through the employment objectives of companies—
it is the objectives of increasing specialised employment to innovate and increasing employment in 
general that prevail, and in that order. This shows, on the one hand, the preference of companies for 
hiring people sufficiently qualified to carry out their professional activity in terms of innovation [11] 
and, on the other hand, the commitment of the MHT sectors to social sustainability [42,43], reflected 
in their aim to create jobs even in times of economic recession. It is worth noting the relevance that, 
in all the years and cases, the information obtained from the Triple Helix has in the social dimension 
of sustainability, a fact that validates the role that this model plays as a facilitating agent of economic 
and social development [29,45]. 

For its part, environmental sustainability shows similar values in the factor loadings of the three 
objectives that comprise it. The variable "innovation target", which prevails in all situations, is refers 
to the fulfilment of all regulatory, health or safety requirements. In turn, the objective "least 
environmental impact", although with a high factor loading, is the one with the least explanatory 
force. This fact indicates that although the Spanish MHT companies are aware of the importance of 
innovation for environmental sustainability [61,62], this has not been disseminated through the entire 
organisation nor sufficiently rooted in it: the priority objective is aimed at innovations imposed by 
environmental regulations that must complied with. It is reasonable to think that environmental 
innovation has not yet led to the strategic behaviour that, as explained above, would be desirable 
[69–71]. However, it is in this dimension that the information obtained from the Triple Helix acquires 
most relevance, primarily due to the regulatory role of the government and, more peripherally, to the 
transfer of technological knowledge from higher education institutions. 

In this context, companies consider the university component and its variable university as the 
most important when it comes to obtaining information from the Triple Helix, thus validating the 
driving role of academia in this model, especially when it comes to sustainability [26,32,50]. On the 
other hand, they give similar value to the information obtained from the other two components, 
except in a crisis environment (2010), when the government component acquires a relevant weight, 
possibly due to the importance of promotion and development policies for innovation in times of 
recession [18]. 

However, the analysis reveals that cooperation is not forthcoming; it is not a generalised fact 
among the Spanish MHT sector, despite the fact that the present research shows—through the 
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mention of numerous research papers—the advantages of the Triple Helix model of cooperation for 
innovation in general [19–23] and for innovation in environmental sustainability in particular [74–
77]. Moreover, the fact that cooperation is superior in environments of economic recession indicates 
that the motivation is survival. 

Contradictory results also appear, namely among the partners of the industry components in 
times of economic boom. This is the case with competitors with whom there are hardly any 
collaborations, however, the importance they give to the information obtained from competitorshas 
a similar weight to that obtained from suppliers and customers. This fact may originate from the 
technology watch and benchmarking carried out by these companies. 

Equally, within the university component, the university loses ground to technology centres, 
public research organisations and consultancies, although it is considered to be a driving force and 
the most important source of information for innovation. This contradiction may stem from the 
difference in university-company "tempo" perceived by the company. 

5. Conclusions and Future Research 

The results obtained represent a valuable contribution to the existing literature regarding the 
influence of the Triple Helix on sustainable development. As Scalia et al. [28] point out, although 
there is an extensive literature regarding the use of models such as that of the Triple Helix, there are 
still very few contributions with examples and practical applications in the field of sustainability. Our 
work covers part of this gap with a practical application in technology companies. 

Thus, the analysis carried out shows that the information received from the Triple Helix has a 
positive and significant impact on companies when setting their objectives for sustainable innovation, 
in all three dimensions. Furthermore, the proposed model is of a predictive nature and shows a 
homogeneous behaviour regardless of the surrounding economic situation [9] and of whether or not 
the companies cooperate with Triple Helix economic actors. 

Moreover, Spanish MHT companies show a high degree of involvement in sustainable 
development, as shown by the order of importance of the dimensions resulting from the application 
of the FEA, where sustainable development dimensions appear as a priority; this confirms that 
business competitiveness must be compatible with sustainable development [17]. 

The results show a different behaviour from the analyzed groups, identifying a group of 
companies that collaborate in a more stable way, modifying their behaviour in times of crisis 
compared to a time of growth. This suggests, as future lines of research, the analysis of the causes of 
its reluctance to cooperate and of this change in behaviour, whether it is an internal economic issue 
of the company or dependent on government aid to technology centres or other institutions. The 
analysis of incentives for cooperation should be an academic priority to the extent that it helps the 
different actors of the Triple Helix to make decisions for the improvement of sustainable innovation 
rates in a given area. 

We think that the implications for management would include, in addition to those mentioned 
for companies, those of a governmental nature, since the latter allows for better decisions to be taken 
regarding support for the Triple Helix components involved in sustainable innovation.  

Regarding the limitations of this research, the most important is access to the INE data, since 
they are published with a periodicity that does not allow us to work with more current data. Despite 
this limitation, which we are aware of, the data do reflect, as we intended, two different moments 
from the economic point of view, namely crisis and growth. Furthermore, the survey on business 
innovation has as its main objective—as the INE points out—offering direct information on the 
process of innovation in companies, through indicators that reveal its different aspects.  

Another limitation consists in working only with MHT companies, as it does not allow us to 
ascertain whether the results are valid for other types of companies. 

We are considering future lines of research to see if the results can be observed in other types of 
companies and if they can be compared with other countries whose business fabric is similar to 
Spain's. 
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