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KEYWORD ABSTRACT

Digital Industry 4.0 is reshaping the way all the economic sectors are working. The
Innovation complete adoption and understanding by the companies, large or small, of
Hub; Innovation  the digital transformation opportunities and benefits, requires the existence
Management; of effective instruments. Digital Innovation Hubs (DIHs) are an important
Quality instrument, strongly promoted by the European Commission, to help companies
Innovation; to take advantage of digital opportunities. Aiming to boost and create synergies
Digital between several DIHs and research centers located in the northern region
Technologies of Portugal and Spain, and considering the disruptive ICT technologies, the

establishment of an inter-regional DIH that results from the cooperation
between these entities assumes a crucial importance to transform this region
into an innovative pole of reference. This paper aims to describe the strategy
for the management and improvement of the quality of the innovation being
developed by this inter-regional DIH under the scope of the DISRUPTIVE
project. Besides considering the individual strategies of the associated
members, it includes cooperative aspects, regarding the sharing of knowledge,
technology, and skills, aiming to improve the quality of innovation, as well as
the adoption of digitization by the companies in this region.
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1. Introduction

In the context of the 4th industrial revolution, we are noticing the digital transformation of all eco-
nomic sectors, allowing to increase productivity and competitiveness. This digital revolution introduc-
es opportunities for large and small companies, but many of them still have a long way to implement
the digital transformation, also having difficulties in understanding the true dimension of this transfor-
mation and which technologies will bring benefits to their business processes.

A recent survey focusing on companies from various industrial production sectors predicts an in-
crease in the level of digitization and networking in industries by 2020 from 33% to 72% (Geissbauer et
al., 2016), while other reports, e.g., (Blanchet and Rinn, 2016), point out an adoption rate of around
50% of the Industry 4.0 concepts, principles and technologies by 2035 for Western European coun-
tries. According to European Commission reports related to the “Shaping Europe’s digital future” pro-
gram (European Commision, 2020), only 20% of European companies are highly digitized, with 60%
of large industries and over 90% of SMEs (Small and Medium Enterprises) being late in the adoption
of the digital innovation.

In this context, Digital Innovation Hubs (DIHs) are an instrument that can help all companies,
small or large, high-tech or not, to take advantage of digital opportunities. A DIH can be defined as a
support service for companies to become more competitive in the context of digital transformation,
allowing them to improve their production processes, through the automation or incorporation of dis-
ruptive and digital technologies. DIHs serve companies, taking into account their regional proximity,
allowing the easier access to the latest knowledge, experience, technology, and innovation, as well as
providing commercial and financial support to implement innovation in terms of business, production
process, product or service, within the scope of digital transformation. Also, according to the “Shaping
Europe’s digital future” program, a DIH has 4 main functions: promote an innovation and networking
ecosystem, provide skills and training, provide environments for prototyping and testing, and provide
support to find investments (European Commision, 2020).

DIHs play an important role at the national and European level, being one of the main priorities of
the “Digitising European Industry” initiative, adopted in April 2016, and will also have a central role
in the “Digital Europe Programme”, in the new EU financing cycle.

In this context, and considering the cross-border space between Portugal and Spain, it is possible to
find several technological DIHs, namely, the DIH in the Internet of Things (IoT) located in Salamanca
and focusing on IoT technologies, the DIH in Security located in Le6n and focusing on the cyber-se-
curity topics, the DIH in Smart Cities located in Valladolid and addressing the smart and green cities
topics, and the Hub4AGRI located in Portugal and focusing on the topic of digitization of agriculture.

Aiming to boost and create synergies between the various DIHs and research centers within the
northern region of Portugal and Castilla y Leén (CyL-PN), and particularly in the DISRUPTIVE con-
sortium, and considering the impulse of disruptive ICT (Information and Communication Technol-
ogies), the objective is to establish an inter-regional DIH that results from the cooperation between
these entities in the cross-border region. Thus, the established inter-regional DIH will contribute to
transform this region into an innovative pole of reference and strategic importance for the EU and with
the potential to be internationally competitive.

In this context, the DISRUPTIVE consortium’s role is to foster the generation of knowledge and
excellence in research and innovation (R+i) to substantially boost innovation and technology transfer
to improve the competitiveness of local companies. For this purpose, it is important not only to
promote research and technological development activities but also to ensure the quality of production
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and innovation of involved DIHs and research centers. In this sense, in addition to adopting innovation
strategies, this inter-regional DIH should include methodologies and strategies for managing the quali-
ty of innovation that result from the contributions and individual strategies of the associated members,
as illustrated in Figure 1.

Having this in mind, this article describes the methodology and strategy for managing the quality of
innovation in the inter-regional DIH. The rest of the paper is organized as follows. Section 2 overviews
the concept of quality innovation management and the available methodologies to support its imple-
mentation. Section 3 proposes a quality innovation strategy for the inter-regional DIH, considering
the different strategies and perspectives of each associated DIH and research center. Finally, Section 4
rounds up the paper with the conclusions and points out the future work.

DIHs: provides technology Research centers:
transfer activities provides R&D activities
A A
e N e h
USal / BISITE
loT Digital
Innovation Hub UVA / CARTIE
Cybersecurity Inter-
Innovation HUB regional DIH
IPB/ CeDRI
PRODUTECH
Digital Innovation
Hub Platform ISEP / GECAD

Figure 1: Inter-regional DIH as result of the cooperation of several DIHs and research centers.

2. Overview of Quality and Innovation Concepts

Similar to innovation, the concept of quality can be considered dynamic and linked to the human
perception’s complexity, and can be characterised by the evolution of the various quality areas, such as
inspection, statistical quality control, quality assurance, and strategic quality management (Paladini,
2012).

Throughout the history of quality, the concepts evolved from the historical moment and the pre-
dominant vision of each epoch or Era of Quality (Carpinetti, 2016). According to (Garvin, 1992),
similarly to innovation, quality has five main approaches: the transcendent philosophy approach,
the product-based approach, the consumer-based approach, the value-added approach, and the produc-
tion-based approach. According to (Carpinetti, 2016), quality will only play a competitive role if it can
transcend the customer expectations, i.e. using the innovation of services, processes, products to sur-
prise customer expectations (Garvin, 1992). In this sense, the concepts of quality and innovation can
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be considered important factors to promote value creation, customer focus, and return on investment for
the organization, besides being essential to boost the competitiveness of organizations (Garvin, 1992).

2.1. Innovation Concept

Innovation is related to novelties or improvements, whether in products, services, technologies or
processes. Unlike new/creative ideas or invention, innovation involves the successful and practical
realization of something original or more effective than something that already exists, and which has a
significant impact on the market or society (Forbes, 2015; Amabile and Pratt, 2016).

Similar to the concept of quality, there are multiples definitions for innovation, which varies ac-
cording to the type of organization. In the following, two examples are presented:

e “Innovation is the multi-stage process whereby organizations transform ideas into new/im-
proved products, service or processes, in order to advance, compete and differentiate them-
selves successfully in their marketplace.” (Baregheh et al., 2009)

e “An innovation is the implementation of a new or significantly improved product (goods or
service), or process, a new marketing method, or a new organisational method in business
practices, workplace organisation or external relations.” (OECD/Eurostat, 2018)

Beyond the definition, the innovation can be classified by different aspects. For instance, the Or-
ganisation for Economic Co-operation and Development (OECD) Oslo Manual defines four types
of innovations that comprehend the introduction of new or significantly improved Product (goods or
services), Process (production or delivery method), Marketing method (physical design, packaging,
placement, advertisement), and Organizational method (business practices, workplace organization,
relationship management) (OECD/Eurostat, 2018).

Another classification is presented by (Edison et al., 2013), that also divides the innovation in four
types, according to the degree of novelty, impact or disruption regarding the existing solutions, as illus-
trated in Figure 2.

Technological: 5 Radical: or disruptive.
diftorenttechnologies, @ | [Techmological | Radical |  Basedonnew loholonies
but offering simﬁ]ar , g breakthrough innovation ansoFI)Jﬁc\;:ﬂ:ircfigtzsag ’?/hgtew
benefits compared to < brings significative benefits
existing solutions o that can transform or create
(_S” new markets.
Incremem_.‘atl_: based E Incremental Market R
on existing S . . dlds
technology. wth small 2 innovation | [RIESRITEEEE Sl G teexciggr?éogy,
changes or new 3
features that brings 5 solutions, but providing
some benefits Low High significative benefits

Impact in existing solutions

Figure 2: Types of innovation regarding technology changes and impact in existing solutions.
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2.2. The Innovation Process

Although innovations can be classified as mentioned above, it is noticeable that regardless of their
classification, they all follow a process for innovation. The generation of new ideas is the basis for
innovation, but if they are not realized (developed and implemented) they are just ideas. Usually, this
process comprises several stages, which must support transforming a potential idea into a successful
innovation (i.e., something that adds value for individuals, society or organisation). In general, it can be
summarised in 3 main phases, as shown in Figure 3.

Generating
ldeas

Figure 3: The 3 essential stages of an innovation process.

* Generating Ideas (Ideation) — represents an essential stage which, in addition to creativity, may
require various skills and knowledge. In general, innovative ideas arise to meet existing prob-
lems or needs, which requires not only general but also technical knowledge to understand what
exists (problems, demands, trends, structural/cultural evolution) and propose solutions (new or
improved) in order to create and choose ideas with the potential to be realised and to succeed.
There are several tools to support the generation and choice of ideas, which can be part of a
framework to manage innovation.

* R&D — represents the engineering process to turn an idea into something usable (and adding
value), be it a product, service, or process. While in the first phase, there is an interaction with
end users to understand the demands and possibilities of adopting the new approaches, in this
phase, the interaction is focused on the refinement of the solution to meet better and conse-
quently achieve greater adoption and impact. At the end of this phase, an invention is obtained,
which is only considered as innovation when it has an effect on organisations, the market, or
society.

*  Deployment & Dissemination — requires a business model, as well as communication strategy
to address end users with the need to realize the value in novelties to adopt them. As in the pre-
vious phase, the implementation can also generate feedback for the previous phases, which can
lead to improvements and new forms of solutions (i.e., an incremental innovation process of the
solution).

2.3. Techniques for Idea Generation

The idea generation is a process that companies typically use to generate innovative ideas for
new products or generate solutions to difficult problems. This process is characterised by the exchange
of ideas between a group of people, where the best idea will be selected, an implementation plan is
created, and finally, its implementation is performed (Forbes, 2015). In this sense, there are many
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methodologies and techniques for generating ideas, and one of the most widely used methodology for
structuring new ideas is the Design Thinking (Cankurtaran and Beverland, 2020).

According to (Cankurtaran and Beverland, 2020), Design Thinking is a systemic and anthropocen-
tric oriented methodology aimed at generating innovation, first used in 1969 by Herbert Simon and later
formalized by Simon Brown in 2008. Its essence is to obtain innovation focusing on the client’s needs
rather than the problem and may vary in the number of steps to consolidate the approach. In general, it
comprises five stages: Create empathy to understand the client, Define, Idealise, Prototype, and Test.

Specifically, in the idea generation sessions during the Design Thinking process, specific tech-
niques are applied to foster the creative process of creating innovative ideas, namely:

a) Brainwriting: in this technique, each participant anonymously, writes their ideas on cards.
These will be shared between the participants, and every participant can add new points to the
original idea or argue critically (Amabile and Pratt, 2016).

b) Mindmapping: it is a graphical technique that allows to imagine links between various pieces
of information or ideas. To do this, the various ideas that emerge are written and then linked
through lines, creating a web of relationships between the ideas (Baregheh et al., 2009).

¢) Brainstorming: is an idea generation technique commonly used to pool resources for new ideas,
and is widely used in group situations and on a trial suspension basis (Crossan and Apaydin,
2010). Usually, it starts by exposing a problem to get ideas for its resolution. Most brainstorm-
ing sessions make use of post-its that allow participants to have more visibility on ideas and
speed up the process, making it more appealing (Edison et al., 2013).

d) Reverse Brainstorming: Unlike the previous one, it is a technique that asks participants to think
of various ways to cause a problem. In the end, there will be a list of how to create problems,
and the next step will be to think of ways to solve them (Amabile and Pratt, 2016).

2.4. Process for Measuring the Quality of Innovation

Measuring and monitoring the quality of innovation during the innovation process is essential to
ensure the success of innovation and identify what can be improved/adapted in the innovation process.
Innovation can be measured through the collection of quantitative and qualitative data generated during
the innovation process. The Oslo Manual (OECD/Eurostat, 2018) presents a guideline with recommen-
dations to measure some aspects of the innovation process. Examples of quantitative indicators include
the total investment in innovation, the market share, the revenues obtained from selling the innovation
(product or service), the labour use (human resources), the material consumption, the energy con-
sumption, the time needed to reach a marketable solution, and the payback period. On the other
hand, qualitative data include: benefits of innovation, sources of information and ideas for innovation,
and diffusion or scope of innovation. According to (OECD, 2010) there are five key actions for a mea-
surement agenda for innovation:

i. Improve the quality of measurement of wider innovations and their relationship with macroeco-
nomic performance.

ii. Invest in a comprehensive and high quality data architecture to measure the impacts of innova-
tion.

iii. Recognise the role of innovation in the public sector and promote its measurement.
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iv. Promote the design of new statistical methods and interdisciplinary approaches to data collec-
tion.

v. Promote the measurement of innovation for social objectives and the social impacts of innova-
tion.

Concerning the metrics for innovation, the Portuguese National Innovation Agency (Agencia Na-
cional de Inovacdo, 2020) proposes 44 indicators to measure the innovation of projects from the fol-
lowing areas: Human Resources, Excellence and Attractiveness of the R&D System, Financing R&D
and Innovation, Intellectual Property, Innovative Companies, Economic Impacts, Balance of Payments
Technology (BPT) and Information Society. This proposal aims to develop actions aimed at supporting
technological and business innovation in Portugal, contributing to the consolidation of the National
Innovation System (NIS) and strengthening the competitiveness of the national economy in global
markets.

In addition, according to (Kristiansen and Ritala, 2018) there are some common metrics used for
innovation projects: Net Present Value, Return on Investment, Percentage of profits from products
less than one year old, Total patents filed/pending/expected, Time-to-market and Project Success or
Failure. But these authors propose new specific indicators for projects concerning radical innovation,
which are focused on market orientation, learning, and future opportunities, as well as resource ded-
ication. Examples of indicators pointed out in this study are Potential of Market, Existing links to
markets, Finding new market needs, Deliverance of real benefits to the customer, Learning per dollar
spent, Potential for growth in existing business segments Termination report quality, Ability to use and
grow core competencies, Active projects supported; Intangible resources, and Tangible resources and
External resources.

In this sense, the importance of measuring the quality of innovation is perceived, either through
common indicators present in the literature or through the proposition of indicators, according to the
strategy or type of innovation proposed for a project, product, or service. Only by measuring inno-
vation using indicators will be possible to build up the history of the innovation and then monitor its
quality.

3. A Strategy for Managing the Quality of Innovation in the Inter-
regional DIH

An innovation management strategy aims to create the circumstances and the necessary appa-
ratus to foster innovation, also offering the appropriate tools to make the most of the opportunities
for improvement. Innovation, in turn, is derived from the needs that arise in the process of society’s
evolution, and is essential to increase the probability of success, competitiveness, prosperity and even
the survival of many organizations.

The inter-regional DIH to be created will comprise the ICT research centers and DIHs from the
DISRUPTIVE consortium. Based on their individual strategies, the pillars of a methodology for
managing the quality of innovation within the inter-regional DIH are the following:

i. Definition of an Innovation Strategy;
ii. Definition and implementation of an Innovation Management Process;

iii. Monitoring and evaluation of the guality of innovation.
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In the definition of them, an important aspect that should be considered is the mechanisms to enable
and take advantage of the cooperation among the associated research centers or DIHs. For instance, the
innovation strategy can consider the use of open innovation approaches, while the innovation manage-
ment process should consider knowledge sharing and technology transfer.

Besides these pillars, the methodology also considers two main actors: the Innovation Manager and
the Project Leader, who play important roles to assure the success and quality of an innovation project.

Figure 4 provides an overview of the proposed methodology, where the inter-regional DIH is
formed by the cooperation between several research centers and DIHs that work together to promote
the digital transformation in the regional companies (Rissola and Sorvik, 2018). Additionally, the in-
novation strategy of each member of the inter-regional DIH should consider the cooperation aspects.
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& Qua\rly Management innovation results B e e
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7 Research ﬁesearch 82, '
’/ @emer Center var
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Deployment &
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Figure 4: Methodology for quality management of innovation in the inter-regional DIH.

3.1. Definition of an Innovation Strategy

The challenge today is to create organized and systematic processes in organizations to ensure
that they continuously produce innovative and successful results for their customers and that they lead
to the creation of a culture of innovation. The generation, selection, and implementation of ideas is the
backbone of this process, accompanied by other components of equal importance.

The first is the definition of a future state of innovation that supports the organization’s growth am-
bitions, understanding leadership aspects, reasons for seeking innovation, and also the scope and type
of organizational changes needed. Another aspect is related to design this innovation system for when
a capacity is created, be something that lasts and supports the organization’s growth ambitions. And
finally, it is to create and execute a phased plan, first assuming the critical barriers and then planning
the implementation of this innovation system. Also, one should not overlook a fundamental element in
innovation, which is the search for opportunities, offering solutions to the unsatisfied needs of end-us-
ers, and, above all, those that end users are not able to express themselves.

It is worth clarifying that innovation is not R&D. The process of R&D (Research - applied, and
Development - experimental) can result in products that do not reach the market or in processes that are
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not appreciated by the market. If this is the case, there is no innovation. This illustrates the importance
of the adoption of quality management strategies along all the innovation process, not only to mitigate
issues that can lead to outcomes that are not appreciated and effectively adopted but also to assure the
wide adoption and value generated.

Considering that both, DIHs and research centers, focus on the development and application of dis-
ruptive and advanced ICT to support and promote the digital transformation in industries, it is expected
that innovation will focus on an incremental and disruptive model at the product and/or process level
(according to the definitions in (OECD/Eurostat, 2018)). Therefore, the innovation strategy of each
member of the inter-regional DIH, besides cover their internal goals, should also consider the coop-
eration aspects expected in the inter-regional DIH. For instance, it should be aligned with knowledge
sharing and technology transfer models, open innovation approaches, and multi-disciplinary innova-
tion projects partnership (see Figure 4).

The promotion of a culture of innovation is important for the growth and survival of any compa-
ny, given that without innovation they can fail to evolve and follow the market trends, becoming less
competitive and consequently being overtaken by the competition. In the case of research centers and
DIHs, the innovation culture should have even more attention given that these kinds of organizations
represent state-of-the-art technology advancements. In this case, the innovation culture must be allied
to the innovation strategy, where the Innovation Manager together with the Project Leaders play an
important role to assure its effectiveness, i.e., that it continues to promote the seek and development of
innovative ideas by the organization employees.

The promotion of a culture of innovation can be achieved through various techniques that mainly
consider organizational and social aspects, regarding special activities and events that stimulate the
communication and interaction between multidisciplinary people in order to generate new ideas and
projects. Additionally, it is combined with the promotion of incentives and rewards on the realization
of successful innovative ideas and projects, that should be carefully managed in order to prevent com-
petitiveness from interfering with cooperation. Regarding the cooperation between multiple organiza-
tions, as in the inter-regional DIH, the culture of innovation should include techniques, for instance,
to encourage open innovation when internal capabilities are exceeded, the sharing of knowledge and
skills or use investigative inquiry techniques.

And finally, the monitoring of the quality of innovation should also be considered in the definition
of the innovation strategy. It plays an important role, not only to assure the successful development
and deployment of innovation projects, but also that the innovation strategy is effective. In this sense,
the results of the process of innovation quality evaluation should be used to continuously improve and
adapt the aspects of the innovation strategy that shown to be not effective, thus also supporting the
market dynamics that are constantly evolving and requiring new approaches and technologies. In this
context, the monitoring of the quality of innovation should be carried out by means of indicators that
reflect:

e The lessons learned in the process of innovation (both successes and failures).
e The knowledge management for the dissemination of the results of the innovation process.

* The encouragement of the coexistence of structures oriented to flexibility and creativity simul-
taneously to the existing (traditional) management structure, based on hierarchy, specialization,
compliance with established standards or focused on control and efficiency, etc..

e The product or process improvement (either incremental or disruptive).
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3.2. Definition and Implementation of the Innovation Management Process

The innovation management process is a cyclical and continuous process that starts from the iden-
tification of opportunities, where a well-constructed strategic plan that can be supported by different
frameworks and tools, guides the work to the areas of interest, according to the defined strategy.

A careful observation of the environment makes possible the identification of dogmas and beliefs (or-
thodoxies) in the organization that can be identified - following the steps indicated in (Skarzynski and
Gibson, 2008) - and confronted, as well as, discontinuities and trends that offer new opportunities and
the unmet needs of end users and, above all, those where end users are not able to express themselves.

The innovation management process includes 3 main stages (Ideation, R&D, Deployment & Dif-
fusion), as illustrated in Figure 4 (left) and previously discussed in Section 2.2.

The Ideation stage encompasses the idea generation and validation process. In this stage the use of
frameworks and tools are essential to assure the quality of the ideas produced, and consequently the
rate of success of the innovation to be produced. Additionally, the participation of multiple partners
with different skills from the inter-regional DIH in the related activities can further support and vali-
date the outputs of this process. In this context, this stage covers the following aspects:

e Use of methodologies to generate ideas, for example, Brainstorming (simpler) or Design Think-
ing (more advanced), and use of co-creation with multidisciplinary teams (e.g., researchers,
students, entrepreneurs and business associations).

e  Promotion of out-of-the-box thinking and adoption of knowledge cross-fertilization techniques
(i.e. the application of established technologies/techniques in a different field of application).

e Performing SWOT analyses (Strengths, Weaknesses, Opportunities, and Threats), both for the
problem and for the solution.

e Use the SMART (Specific, Measurable, Achievable, Relevant, and Time-Bound) criteria to re-
fine and evaluate the ideas and project goals.

e Carrying out a technical feasibility analysis of the ideas, by a board of experts.

e Realization of market feasibility analysis and evaluation of the acceptance of ideas, by a mixed
board (composed by entrepreneurs, clients, commercial/industrial associations and consultants
of the geographic region covered by DIH).

e Prior assessment of technological maturity (e.g., through the Technology Readiness Level) pri-
or to employment in the organization.

The R&D stage encompasses the implementation of the ideas towards the development of the
prototypes and the whole innovation solution. In this stage, it is important to continuously monitor the
development of the activities in order to assure the quality and success of the solution. A special atten-
tion should be taken when the project involves the collaboration of multiple partners, as in the case of
the inter-regional DIH. In this context, this stage covers the following aspects:

e Definition of an activity plan, containing the delineation of tasks, their starting and ending
dates, the scheduling of periodic follow-up meetings and the definition of milestones (for ex-
ample, using a Gantt diagram).

» Using project management techniques, e.g., the critical path methodology, the cause and effect
diagram, the project model canvas and the agile project management framework Scrum.
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e Rapid prototyping and constant iteration with the user of the product or technology under de-
velopment.

e Integration between DIH and research centers, fostering R&D activities and the transfer of
knowledge, technology and innovation. This can be achieved by the realization of periodic
project meetings to monitor the progress of the project, regarding the tasks of each partner and
the organization of periodic solution integration meetings to integrate and test the components
developed by different parts, to mitigate compatibility and interoperability problems in the final
solution.

The last stage of the Innovation Management Process, comprises the solution Deployment and the
Dissemination of its results. The first, besides to set the solution to work in a production environment,
also includes monitoring and post deployment tasks that are essential to assure the success of the solu-
tion, regarding its acceptance. The output of this process can provide valuable quality measurements
that can be used to improve or redefine the innovation strategy. In this context, it includes the following
specific aspects:

e The correction of unseen problems and implementation of new features, as well as the custom-
ization of the solution according to the needs of the final customer.

*  Monitoring and evaluation of the customer journey from the solution awareness to the usage
experience and satisfaction, e.g., to learn the user preferences to develop improvements, and
also for the generation of ideas for new innovative products.

In this stage, the Dissemination of the solution results is also important to promote its adoption
and obtain the expected value for the organization. However, one of its main goals is to attract new
opportunities and the attention of investors and other stakeholders that can provide funds to further
develop the ideas, as well as new innovation projects. Additionally, it can also support the creation of
new partnerships with other entities that can foster the development of new knowledge and the sharing
of skills. In this context, it includes the following specific aspects:

» Participation in technology, innovation and business fairs.
* Promoting mentoring activities.
» Participation in innovation project calls.

e Participation in workshops, scientific events, training courses and hackathons.

3.3. Monitoring and Evaluation of the Quality of Innovation

A key actor in the definition and implementation of the innovation strategy is the Innovation Man-
ager, who has, among others, important responsibilities, some of which are shown in Figure 5. It is
important to emphasize his critical functions regarding the implementation and management of the orga-
nization’s innovation strategy. In this sense, the Innovation Manager should have multidisciplinary skills
and technology related knowledge.

One of his responsibilities is the management of the innovation culture inside the organization
that requires the continuous monitoring and managing of the innovation activities and personnel to
ensure the constant flow of ideas and realization of projects. He is also responsible to obtain financ-
ing support for the projects, not only in the private sector, e.g., by finding and contacting companies
but also through public funding programs, e.g., related to national and international research project
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+ Actively participate in the generation of innovative ideas
+ Ensure the constant flow of ideas and realization of projects

+ Updated on the skills and techs. of other partners Innovation B + Provide incentives and rewards for innovative ideas

+ Redirect opportunities and stablish cooperative projects Culture + Promote staff technological training and event participation
+ Promote open innovation approaches among partners

+ Share knowledge and technologies

+ Updated on financing programs and project calls
+ Define strategies to attract investments

+ Define metrics to evaluate originality and impact of

innovation developed

+ Continuously monitor the innovation development

+ Mitigate issues and assure wide adoption and value

generation _F Analyse the needs of the regional market and industry

+ Technological research and surveillance
Management

Dissemination
of Results

Figure 5: Innovation Manager responsibilities in the realization of the innovation strategy.

+ Make successful innovation visible
+ Participate in tech. and innovation fairs and workshops
+ Manage intellectual property and patent creation

calls. In the same sense, he should adopt strategies to continuously attract and seek opportunities to
develop innovative solutions. This means he should be updated on the state-of-the-art technological
advancements and market trends. Both investments and new opportunities can be obtained by the prop-
er dissemination of the results of successful projects. In this sense, make the innovation visible is very
important and can be achieved, e.g., by participation in technological and scientific events.

As part of the inter-regional DIH, the innovation manager has special responsibilities, being able to
manage the internal strategies and interests to promote and harmonize the cooperation with the other
partners. This requires an updated knowledge about the skills of the inter-regional DIH members, in
order to establish cooperative projects and strategies to share knowledge and technologies.

An important aspect of an innovative solution is its quality that can be measured by its acceptability
and value generated. In this context, the quality management of the innovative solutions is also a re-
sponsibility of the Innovation Manager that should not only define the quality metrics but also actively
participate in all the stages of the innovation development, continuously monitoring and evaluating the
quality of the innovation. To support these tasks, the innovation manager can use different monitoring
techniques and frameworks, selecting the proper metrics according to the type of innovation being
developed.

However, the execution of these tasks can be supported by some innovation facilitators, who are
employees, coordinated by him, from different departments responsible for promoting innovation in
the different units of the organization. And, as support, there may be committees and innovation teams,
which are the essential linking element to achieve the participation of all levels of the organization in
the innovation process. The essence of its composition is the diversity of its members, in terms of their
characteristics and background, their training, the hierarchy they occupy in the company, their social
status, among others.

The innovation facilitators actively participate in the development of the activities contemplated in
the innovation management process, especially in the ideation and implementation stages. The respon-
sible in charge of this process is the Project Leader, as illustrated in the Figure 4. With a management
position, he has an important role to ensure the successful development of the project, and mainly that
the final solution will achieve the desired quality levels. In this context, the Project Leader should sup-
port the Innovation Manager in the monitoring and measurement of the quality attributes.
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Input Process Result

® Mo =
Investment in innovation (%) j Team participation in the ideas program (%) | [ Amount of new products/services launched 3

Team training in innovation (%) Extension of the idea generation process Customer Satisfaction (%)

Team dedication in innovative projects (%) Average time for evaluation of ideas Market share
Ratio of amount of ideas per employee Idea implementation rate (%) Innovation ROI per idea implemented
Ratio of amount of innovation campaigns per year Time to develop a prototype (month) Failed projects (%)

{ Ratio of amount of clients interviewed per year Average idea's time-to-market Innovation profit share (%)

Figure 6: Examples of indicators per type of metric.

The set of quality metrics should be chosen carefully and according to the guidelines established in
the formulation of the innovation strategy, being fundamental to evaluate the progress of the innovation
process and its results. According to (Guzman et al., 2017), metrics are usually defined in association
with the different phases of an innovation macro-process and can be divided into input metrics, process
metrics, result metrics.

Figure 6 presents some examples of indicators according to the type of metric. The input metrics
can be directly mapped into the general tasks regarding the promotion of the innovation culture togeth-
er with the first stage of the innovation management process, i.e. the ideation. While the process and
result metrics can be associated to the R&D and Deployment & Dissemination stages, respectively.
Alongside the metrics, it is important to define as indicators the objectives to be achieved, e.g., setting
medium-term objectives as X new ideas, and Y innovative projects.

4. Conclusions

Along with the various industrial revolutions, the need for improvements in new products, pro-
cesses, and services led to incremental and radical innovations aiming to maintain the companies’
competitiveness. With the 4th industrial revolution, the need for improvements in the various economic
sectors still requires constant innovation, supported by the principles and technologies associated with
Industry 4.0. In this way, the technological and digital trends affect the profile and needs of consumers
to face the Digital Era and, therefore, of organizations that need to seek ways to create and innovate
their products, processes, and services based on these new needs or even transcend the expectations
of consumers. In this emerging context, DIHs are an instrument that can assist companies, small or
large, high-tech or not, to take advantage of digital opportunities to evolve, innovate, and increase their
competitiveness.

Having this in mind, this paper describes a strategy for managing the quality of innovation in an
inter-regional DIH that has been created as part of the DISRUPTIVE project and integrates several
research centers and DIHs located in the northern region of Portugal and Castilla y Leén (CyL-PN).
This strategy raises and discusses several aspects that concern the cooperation of the associated part-
ners to promote innovation, knowledge creation, and technology transfer to improve and support the
digitization of local companies.

The strategy has been implemented along the last year of the DISRUPTIVE project through the
realization of some activities, including the identification of the needs of the region and the skills of
the research centers and DIHs regarding the disruptive ICT technologies. Additionally, some network-
ing events and workshops were organized to promote cooperation and knowledge sharing among the
members, as well as to show the new technologies being developed to the local companies. Also in
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this context, some ongoing activities include the realization of several training and mobility programs
for researchers, aiming the generation of specialized knowledge to support the technology needs of
the region.

The next steps include the organization of more activities of this kind, also including mentoring
activities given by ICT experts, to identify and attract companies interested in developing joint projects.
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