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Abstract

Modern technology and innovation research needs to analyse and collect
users’ requirements from the outset of the project’s design, according to
the Responsible Research and Innovation (RRI) approach. Bringing in new
services without involving end-users in the whole research process does
not make for optimal results in terms of scientific, technological and
economic impact. This commentary reports on research experience of
stakeholder involvement and co-production in Italy, implemented in Earth
Observation downstream services at regional level. It reports the
participative approach and method adopted and the impacts and benefits
derived.
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Although activities such as dissemination and exploitation of results are a
fundamental task in every research project, they are not always enough to enhance
the outcomes and impacts required from modern research. A systematic
stakeholders’ involvement plan is needed, because it will provide linking
mechanisms that increase the potential usefulness of research findings. From a
traditional dissemination model, in which end-users play a passive role, we need to
move to a more interactive approach, in which stakeholders are active players and
the knowledge is co-developed by users and researchers, set in context,
problem-focused and demand-driven [European Commission, 2013].
For these reasons, in funded national and international research programmes,
scientists are strongly recommended to consider the needs and expectations of
stakeholders and potential users and to involve them as research co-actors from the
first steps of the project design. This orientation is part of the Responsible Research
and Innovation (RRI) approach, a key concept in Horizon 2020 [Hernández and
Pintó, 2013], the EU’s Framework Programme for Research and Innovation
2014–2020, which brings together different aspects of the relationship between
science and innovation and society, including ethics, gender equality, open access,
public engagement, and science education. Doing science and innovation “with
society and for society” as RRI requires, implies a very ‘upstream’ involvement of the
public in the process of research [Owen, Macnaghten and Stilgoe, 2012]. Social and
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economic skills are essential to support scientific research, to adapt products to
actual markets and better involve end-users throughout the whole research process.
However such a socio-economic approach is rarely present in a science and
technology research team. This kind of multidisciplinary support should be stable,
continuous and efficient, reflecting the different research purposes. In this context,
researchers need to include in their activities targeted initiatives for stakeholder
engagement analysis of end-user requirements, promoting as much as possible the
use of participative methodologies of public involvement.
Moving to the European Space Research sector, space-based services can contribute
to the wellbeing of European citizens and support public policies; the main
challenge to be faced in the development of these services is the transition from
demonstrated applications to real operational systems [Mathieu, 2009], which
means offering real services to real users. Society plays, in fact, a key role in the
development of sustainable and operational space services and end-users need to
be engaged from the early stages of research and development activities.
In this commentary we specifically refer to Earth Observation (EO) downstream
services, such those supported by the Copernicus [Copernicus] programme, the
European initiative for earth monitoring, formerly known as Global Monitoring of
Environment and Security (GMES). This system collects data from multiple
sources: earth observation satellites and in situ sensors such as ground stations,
air-borne and sea-borne sensors. The data collected are processed and provided to
several end-users through a set of services related to environmental and security
issues. Some services are already operational, such as land monitoring and
emergency management, while others are in a pre-operational mode (atmosphere
monitoring and marine monitoring) or in development (climate change monitoring
and services for security applications). The end-users of Copernicus’s services are
mainly policy-makers and public authorities, but also include business enterprises
and research centres. Some of the challenges that this specific sector faces
nowadays are the lack of co-ordination at European level [Gil et al., 2014] and the
over-selling of EO product technologies, linked with the weakness of the interface
between the space and user communities and insufficient integration of satellite
services within the user community.
Furthermore, suboptimal outcomes from introducing a space innovation can be
produced through adopting a top-down, rather than bottom-up, design
method[Long, Blok and Coninx, 2015]. To ensure appropriate use of technologies,
the concept of ‘user-centred innovation’ is fundamental and can increase the
positive impact of these technological and innovative services [Eurisy, 2010].

User’
involvement in
Earth
Observation
research

We report here an Italian experiment in stakeholder engagement, conducted in the
field of Earth Observation and led by CNR-IREA, the National Research Council
Institute for Remote Sensing of the Environment. The Institute takes part in several
Copernicus research projects; the one that we will use as illustration is Space4Agri
(S4A), “Innovative Methodologies for Earth Observation supporting the
Agricultural sector in Lombardy”.
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In 2004, CNR-IREA set up a skilled multidisciplinary team in charge of managing
the processes of stakeholder involvement and user requirements analysis; the
group has adopted a social sciences approach for better understanding the
relationship between science and society and has experienced new methods both of
public communication and public involvement. This team has managed the
collection of Space4Agri users’ needs and requirements from the very beginning of
the research life cycle.
The project, which runs from 2013 to 2015, aims to support the agricultural
management of Lombardy and provide new technological and business
opportunities both at regional and local level. Lombardy is in the northern part of
Italy; its plain, the Po Valley, constitutes 7.7% of the area under agriculture in Italy.
In this important district there are more than 50,000 small and medium-sized farms,
growing mainly maize, rice, barley and wheat. A sub-set of these farms is part of
Space4Agri study: their cultivation is monitored by CNR-IREA researchers for
scientific purposes and specific field measurements regularly take place in the area.
S4A aims to find solutions to some specific needs: i) the need to develop a
framework of common knowledge to support the agro-food sector of Lombardy
and its sustainable management; ii) the need for consistent and updated
information from the Lombardy agricultural sector, which has had to deal with
unexpected critical situations that caused a decrease in maize production in 2012
(down 20% with respect to 2011) with sensitive impacts on the entire agro-livestock
system of the Po Valley; iii) the need to integrate field data and remote observations
to provide value added information on a regional scale; and iv) meeting the
challenge of Aerospace Earth Observation (EO) for the development of
downstream services in order to bring added economic value to business and
benefits for local authorities, farmers and citizens. These groups represent the main
end-users involved in the project.
As well as recent developments in aerospace technologies for Earth Observation
(EO), that make available a large amount of satellite data with different spatial and
temporal resolutions, Space4Agri innovatively takes advantage of advances in two
more sectors: (i) leading-edge aeronautic technologies, such as Unmanned
Airmobile Vehicles (UAV) and (ii) smart app/Web 2.0 technologies and
methodologies for acquiring information directly from sensors (i.e.
agro-meteorological stations) and in situ observations made by sector specialists
(e.g. farmers, associations, consortia) to return information/value-added services
to regional decision-makers and agro-business operators. The use of such
technologies is guided by the awareness of the heritage of widespread local
knowledge in the agricultural sector of Lombardy.
The CNR-IREA team conducted a first consultation on Space4Agri users’ needs and
requirements during the earliest stage of the project (2013), to better design and
identify the possible final products and outcomes. Requirements and demand
analysis are fundamental if the service developed by researchers is expected to be
commercialised and brought to market. The requirements analysis suggested many
interactions with external beneficiaries and the feedback received ensured that the
project’s objectives and expected results were aligned with end-users’ needs.
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The data collection approach and the methodology adopted were qualitative: a
restricted sample of representative S4A stakeholders was selected for interview and
their contributions were analysed. The researchers identified the main public and
private S4A target groups belonging to the agro-food supply chain (farmers,
agro-food entrepreneurs, agronomists, consultants and technicians and local
authorities) as potential user of EO technologies-based services (see Figure 1). The
Lombardy regional government partially financed the research project; consultation
with some of its members was essential to better understand regional agricultural
governance and make predictions based on its future rural development plan.
Ten representatives of stakeholders were interviewed; their needs were
investigated through in-depth interviews supported by semi-structured and
open-ended questions. IREA researchers belonging to the interdisciplinary team
led each interview collectively. The stakeholders were individually interviewed by
the group: this procedure avoided external influences, interference by other users
and created a friendly discussion atmosphere. All interviews were individually
recorded, transcribed and then processed through interpretative grids on which the
information collected was entered and, later, analysed and compared. The grids
followed the interview structure, which consisted of three lists of questions:
explorative, on requirements and on scenarios.
The first part of the interview focused on general information regarding the
stakeholders/users and their attitude towards EO technologies: the questions
inquired into the social and professional role of the respondent, the position held,
their personal level of knowledge and/or professional adoption of EO technologies.
The second set of questions addressed the users’ general requirements concerning
any EO downstream service. The last part of the interview was dedicated to the
envisioning of possible future EO services scenarios and on the identification of the
impacts derived from the potential Space4Agri services. This step was the most
interactive and open to future hypothesis generation. It gave the researchers
considerable feedback on which kind of scenarios (still focusing on Earth
Observation services) were most appreciated and desired by users in terms of
professional and personal preferences and what were the most expected impacts
derived from the project outcomes. This experimental part of the interview
represented a sort of anticipated analysis of future research developments.
The information provided by the interviews at the early stage of the project’s life
was fundamental to better designing later research steps.

Figure 1. Interaction and consultation between Space4Agri research staff and Lombardy
farmers or agro-consultants (2013).
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The expected project results most frequently listed during the interviews by
farmers and technicians were detailed and well defined. In particular they
concerned the development of methodologies for the creation of maps at the
beginning of the cropping season through integration of optical radar satellite data,
the production of indicators for crop status on a regional scale through the analysis
of satellite data time series, and the evaluation of indicators of crop water stress.
Decision-makers were interested both in such technical results and in the
development of smart technologies for the acquisition of and feedback on in-field
agricultural observations that could be very useful for regional management and
governance.
A second round of interviews and consultations was conducted during the second
half of the project’s life (2014) to give feedback to the end-users regarding the first
round of interviews, the requirements that emerged and also on the main research
advances and the first products developed. The methodology implemented was
thus recursive. Some scenarios that emerged during the first round of interviews
were underestimated and others were fully confirmed.
Throughout the whole research cycle, a second set of ‘internal’ needs and
observations was collected; Space4Agri researchers, experts in remote sensing,
image processing and geospatial infrastructures, were interviewed as active
stakeholders. The internal observations derived from the interactions between the
different project’s scientific domains and revealed interesting issues concerning the
obstacles that each group of researchers had to cope with when they belong to
different disciplinary fields; their diverse languages, the lack of communication
within the scientific community and the way in which scientists interacted with the
general public [L’Astorina et al., 2013].

Observations
and impacts

The project’s overall approach combined external (stakeholders/users) and internal
(researchers) needs, highlighting critical issues and operational difficulties but also
providing interesting ideas for possible applications, impacts and future research
developments.
For example, a series of interesting barriers emerged from the interviews conducted
with both public and private S4A stakeholders. These barriers mainly referred to
the adoption of environmental/agricultural technological innovations such as the
Earth Observation downstream services. The barriers that the respondents more
frequently named can be divided into three main categories: economic, institutional
and behavioural. Among the economic, we registered the problem of the
prohibitive costs of many technological innovations and the temporal asymmetry
between costs and benefits. The institutional/management barriers included low
levels of institutional support and a lack of regulatory frameworks related to
innovation and technology services. Finally, behavioural obstacles include the
weakness of management support in technology and innovation services, the
conflict with traditional agricultural methods and the complexity involved in
adopting certain technologies.
This significant collection of information gave S4A researchers the opportunity to
understand how to design the project’s outcomes taking real users’ needs into
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account, to realise what the likely benefits are and what is the level of social and
economic acceptability of such outcomes. The approach also helped to define how
much resources may be concretely invested in the outcomes’ development and
consequently how to adopt the best research and technology solutions. Moreover,
in innovation processes, early stakeholder engagement can make them play the role
of intermediaries or project ambassadors and act as multipliers at a
regional/national level.
Some critical issues spontaneously emerge from this kind of participative approach.
Stakeholders involved from the beginning felt they were part of the research
process, however, the interviews were time- and energy-consuming both for
researchers and end-users, considered across the project’s life. Furthermore, during
the second round of interviews the researchers registered a certain decrease in some
users’ participation, especially the users representing public bodies; this might be
connected with their need to manage professional deadlines. In addition, a small
group of researchers, involved in different S4A work packages on user need
identification perceived the process as too restrictive of researchers’ autonomy; this
led to an internal discussion the extent to which research has to meet external needs
and adapt its methods and times to them.
At the same time, the CNR-IREA team admitted that this experimental approach
gave the researchers the opportunity to have a continuous exchange with
Space4Agri users, including regional decision-makers, and also with the rest of the
research community.
The initiative can be considered a good example of interaction between scientists,
the agro-food sector and policy-makers: innovative S4A services and products,
available at the end of 2015, will result from this collaboration and evaluation
process.
The project will have a significant positive impact in Lombardy, both in terms of
direct employment and in terms of the positive effects expected in the medium and
long term both for public bodies and the private sector. This activity will allow the
development of highly qualified personnel in high-tech sectors such as aerospace
Earth Observation, as well as in information, communication and smart
technologies. The innovation in the exploitation of Earth Observation data and in
the sharing and exchange of information through smart technologies will have a
tangible impact in Lombardy both in support of agricultural policies at the regional
scale and in opening new market opportunities for agro-consulting in support of
agricultural production.

Conclusions

The participative and inclusive approach adopted in the Space4Agri project is
co-production, that is, knowledge being co-developed taking the needs of all actors into
account. From the users’ perspective this is one of the highest levels of engagement
and activism that they can play in a research process, especially one focussed on
innovation and technology issues. The S4A stakeholders involved formed a group
that influenced and addressed the research outcomes: it is this feature that mainly
separates co-creation from pure (innovation) adoption.
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The traditional top-down research model, expert- or technology-driven, with a lack
of active involvement of the target audience has been by-passed by a model in
which knowledge is applied and strongly demand-driven.
This approach, intentionally adopted by the CNR-IREA research team, follows RRI
principles that promote transparent and interactive processes through which
societal actors and innovators become mutually responsive, co-creating a view on
the acceptability, sustainability and societal desirability of the innovation products.
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