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Abstract: Public policies have encouraged the proliferation of technology platforms that support
the transition towards sustainable agriculture and the development of innovations in the food
system. Provided the difficulty associated with assessing the outputs and outcomes of technology
platforms, this work proposes a practical assessment method based on the retrieval and analysis of
online documents related to the technology platforms. Concretely, the method consists of applying
web scraping techniques to retrieve documents related to a technology platform from the Internet
and then applying web data-mining techniques to automatically classify these documents into the
functions that the platform should fulfill, which are described from the viewpoint of co-evolution
of innovation. Data are automatically processed to obtain a variety of metrics, which are applied
to measure the impact of European Technology Platforms (ETPs) on promoting an organic food
paradigm. This method provides time-series data that helps to follow the evolution of the different
functions of the platform and to describe its lifecycle. It has been applied to one platform taken as
a case study, TP Organics, which represents a key platform for stakeholders that promote organic
farming and agroecology as core components of an ambitious program for sustainable agriculture.
The obtained online-based measures have been proven to assess the global evolution of the platform,
its dissemination through the European Union (EU) Member States, and the evolution of the different
functions expected to be fulfilled by it regarding the diffusion and promotion of innovations in
organic agriculture.
Keywords: technology platforms; sustainable agri-food systems; innovation in sustainable
agriculture; online data; data mining; TP organics

1. Introduction
The agricultural research agenda has been subject to major changes in recent years, resulting in
a diverse range of innovations. The present stream not only promotes innovations to obtain more
food and agricultural raw materials, but also to alleviate rural poverty, improve diets and health,
and allow a transition towards sustainable systems. Such a move also includes sustainable agriculture,
which involves the adoption of practices that enhance the environmental quality and the natural base
of agriculture. Progress towards a sustainable paradigm requires new ways of organizing research,
new ways of establishing priorities and flexible ways of evaluating results and impacts [1].
Research policies, their priorities, and implementation have been developed for supporting
innovation in the agricultural systems through technological platforms (TPs), which facilitate
industry-based partnerships and networking. Specifically, in 2004, the European Commission invited
the industry to establish European Technology Platforms (ETPs), especially to define research agendas
that would attract private investment. The ETP became an industry-led stakeholder fora to develop
research and innovation agendas and roadmaps for action at the EU and national levels [2,3].
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The ETPs came to the agri-food sector to involve all relevant stakeholders in the development of
common visions that could meet the needs and benefits of society. For the agro-food-forestry-biotechnology
sectors, the ETPs were initiated mainly by industrial organizations led by multinational companies, with the
support and proposals of scientific organizations. The concept quickly extended from capital-intensive
industries to ecological and social sustainability [4,5]. The technology platforms continue to be a tool within
European policies and long-term strategies to promote innovation, extended to social and environmental
benefits related to public concerns. The ETP concept has developed in sectoral forms, represented by
platforms such as EATIP (European Aquaculture Technology and Innovation Platform) in the aquaculture
sector or TP Organics in the agroecological sector; in horizontal forms such as the ETP Nanofutures,
a multi-sectorial cross-ETP devoted to connect ETPs that require nanotechnologies in their industrial
sectors; and has also been accompanied by other initiatives such as the ERANETs and the European
Innovation Partnership for agricultural productivity and sustainability (EIP-Agri), which are instruments
of the European Commission designed to support public-public and private-public partnerships in their
preparation, coordination, and funding [6].
Previous ETP assessments have proven the success of ETPs in developing joint visions,
setting strategic research agendas and contributing to the definition of the research priorities [7].
However, the evaluation exercises frequently result in costly efforts given the lack of indicators
available to monitor the impact of ETPs, in particular in emerging areas, such as the innovation
for sustainable systems. Since most ETPs have been set up recently, it is difficult to assess, in a
quantified way, their results and impacts, which are typically revealed after a certain period of time.
We acknowledge that evaluation is a comprehensive exercise that attempts to answer questions
which depend on the policy objectives of the platform and that are normally supported by surveys
and interviews.
Meanwhile, the transformation and digitization of society have resulted in the emergence of
social and economic behavior on the internet as a digital footprint. Certainly, this includes the activity
of the ETPs and the actors involved in them. The digital activity of individuals and companies is
closely related to their underlying behavior, as previous research showed [8–10]. For this reason, it is
currently being studied by researchers and official institutions as a source of information to monitor
and understand the underlying socio-economic behavior. See, for instance, the efforts by the European
statistical system with the ESSnet Big Data project [11] or the academic literature reviewed by Blazquez
and Domenech [12].
The high availability of online data, together with the advances in Big Data research allows us
to envision novel monitoring and assessment methods with lower operational costs as they are not
based on surveys and interviews. Current Big Data technology enables us to design assessments
systems that include the automatic retrieval of content generated by some economic agents and
then apply document analysis and text mining to classify the documents and generate activity
indicators. Some examples include evaluating the export orientation of companies [10], the diffusion
of technology [13], or job skills demand in the labor market [14].
The objective of this paper is to measure the activity and impact of an ETP using the information
publicly available about the platform on the Internet as the main source. With a view to the transition
of food systems, we depart from a conceptual framework about the functions an ETP needs to meet
and propose a method to retrieve the documents relevant to the ETP and classify them according to
the main function they are related to. This would allow us to provide insights on how the activity of
the ETP is being carried out and understand it as part of an ETP lifecycle. Our method also enables a
regional analysis by mapping the activities of an ETP to the European countries.
To provide a method validation, we focused the method implementation on a specific ETP that has
a wide scope as it faces technological, societal, and environmental challenges. We explored TP Organics
as a platform that promotes an ambitious transformation of agricultural systems through organic
farming and agroecology. TP Organics, according to its website (http://tporganics.eu/about-us/.)
aims at strengthening “research & innovation for organics and other agroecological approaches
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that contribute to sustainable food and farming systems”. It is broad in scope as it combines
large companies, small and medium enterprises, researchers, farmers, consumers, and civil society
organizations active in the organic value chain from production, input, and supply to food processing,
marketing, and consumption. TP Organic, as a technological platform, promotes holistic and long-term
agroecological solutions and the “co-creation of knowledge, combining science with the traditional,
practical, and local knowledge of producers”
In summary, taking TP Organics as a pilot case, the main contributions of this paper are:
(i) formulate a framework for ETP monitoring based on the functions that they seek to meet, (ii) devise
a method for online data collection that provides a comprehensive monitoring of the defined functions;
(iii) apply the framework and method to an ETP of a broad scope such as TP Organics; (iv) provide a
first evaluation of the lifecycle of TP Organics and its functions.
The remainder of the paper is structured as follows. Section 2 defines a conceptual framework based
on the functions of innovation intermediaries. Section 3 describes the case study, TP Organics, which is
a functional ETP for developing new concepts and stakeholder networking towards sustainable food
systems. Section 4 proposes a practical methodology for the digital monitoring of TP functions that aims
to monitor the differential performance of innovation functions in TPs from a co-evolutionary perspective
that reflects interactions between societal subsystems [15]. Section 5 describes the results obtained after
applying the proposed methodology to TP Organics. Finally, Section 6 draws some concluding remarks.
2. Analytical Background
We consider TP (or ETP in its EU version) as a specific form of innovation intermediary, which is
a broad concept that can be applied to TP but also to more flexible configurations such as research
and innovation networks. For the transition of food systems, an innovation platform has certain
characteristics: (i) it combines multiple actors; (ii) it performs activities around agricultural innovation
challenges at different levels in agricultural systems (value chain, sector, country, village, etc.).
The TPs can be observed as intermediaries that connect different actors within the innovation
systems in order to encourage co-evolution [16]. Howells [17] defines innovation intermediaries as
“organization[s] or bod[ies] that act as agent[s] or broker[s] in any aspect of the innovation process
between two or more parties”.
TPs and other innovation platforms could be considered single innovation intermediaries that
coordinate the platform, but it may be more realistic to see a TP as a space for several intermediaries
to achieve the connection between stakeholders and thus facilitate the transition of innovation
systems [18–21]. A TP plays a role of an innovation intermediary or of an ecosystem of individuals and
organizations that perform intermediary functions from a bottom-up perspective [22,23]. TPs form a
space of nested systems of intermediaries that fulfill complementary functions that foster co-evolution
in innovation systems [16].
Kivimaa et al. [24] point out the lack of literature on intermediate activities and on the type of
contribution of the different types of intermediaries to better support the acceleration of innovation
processes. TPs could be considered as a type of knowledge-intensive business service (KIBS) in
multilevel contexts [25–28]. Seen as KIBS, TPs provide a space for complex operations in which the
generation and dissemination of knowledge take place through an intense interaction between actors
in which human capital plays a critical role.
Whereas functions of innovation intermediaries could be embedded into a broader perspective of
innovation system functions [29,30], we propose to assess TP functions in a perspective which looks
at the ways that innovation intermediaries may support innovation. Indeed, much of the literature
on innovation intermediaries has focused on their functions, such as the studies of Bessant et al. [31]
and Howells [17] that go beyond the coordination and brokering relations in complex multi-actor
configurations in the innovation systems.
Kilelu et al. [16,20] established a classification of intermediary functions applicable to the
interpretation of innovation platforms. These functions can be adapted to the case of TPs by applying
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some modifications to the definitions proposed in those studies. As a result, these functions are as
described below:

•
•

•

•
•
•

Function F1: Demand articulation. It involves activities that identify innovation challenges and
opportunities, such as information gathering, needs assessment, and strategic planning.
Function F2: Institutional support. This function promotes institutional change by facilitating
changes in regulations, working on attitudes and practice, and also linking science, policy,
and practice.
Function F3: Capacity building. It promotes incubating and strengthening organizational forms
and networks. This includes objectives regarding organization development, as well as training
and competence building activities.
Function F4: Network brokering. This involves establishing key relationships among different
actors to form partnerships and promote cooperation.
Function F5: Innovation process management. This function promotes the interaction among different
actors for research and innovation activities by aligning agendas and mediating relationships.
Function F6: Knowledge brokering. It identifies knowledge needs and facilitates knowledge
transfer from different sources by articulating, communicating, and disseminating knowledge
and technology.

These functions are perfectly valid to assess ETPs; although, ETPs were originally designed as an
arena to guide the research and innovation agenda at the EU level, for example, for H2020 projects.
Such functions require monitoring efforts and we intend to provide a tool for this based on online data.
Once indicators for each function are defined, a further step will be to use the measured indicators to
assess the contribution of a TP to the transition of innovation systems. The monitoring of functions can
allow us to determine their relevance in terms of impact but it is not possible to assure that a function
with more events has a higher economic or social impact than a function with a lower number of
events. However, it is possible to build synthetic indicators that will make it possible to explore the
dynamics of functions and check possible patterns of interaction between functions.
Whereas the monitoring of the functions is not precise enough to fully unravel co-evolution
processes as in previous studies (e.g., Kilelu et al. [16]), comprehensive data mining can provide the
basis for monitoring TPs functions. This opens the door to a further understanding of the dynamics
of TPs.
The co-evolutionary nature of innovation covers different dimensions including technological change
but also social and institutional changes [32,33]. A basic operationalization of the co-evolutionary
approach would attach actors’ practices to hardware (technological innovation), software (culture,
thinking, and learning) and orgware (organizations and institutions). In a broad sense, we could attach
functions F1 (“Demand articulation”) and F5 (“Innovation process management”) to hardware, function
F4 (“Network brokering”) and F6 (“Knowledge brokering”) to software, and F2 (“Institutional support”)
and F3 (Capacity building) to orgware. Therefore, we could carry out a first assessment on how the
alignment of functions takes place in a co-evolution process of innovation systems.
3. TP Organics as a Technology Platform
Organic agriculture is characterized by promoting the efficient use of nutrients by keeping its
cycles short and as closed as possible [34,35]. The organic sector has generated a wide range of
innovations and has developed new ideas that have been put into practice in farms and businesses
across the EU and the world [36,37]. Many organic farms and agro-food companies have become
living creative laboratories for smart and green innovations. The organic sector has already generated
a plethora of useful new practices for sustainable agriculture both within and outside the organic
sector, with a promising future [38]. Controversy on the role of organic agriculture to feed the world
continues [39]. However, our intention is to illustrate how online data collection can be used to monitor
TP Organics as an innovation platform.
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Even without the initial recognition of the European Commission, promoters of organic
products sought the support of interested stakeholders, including an international association
(IFOAM), the relevant commercial actors throughout the agri-food value chain, as well as
environmental non-governmental organizations (NGOs). In 2008, they published a Vision for an
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4. Methods
4. Methods
The assessment of the activities and impact of the TP organics platform was conducted by applying
The assessment of the activities and impact of the TP organics platform was conducted by
a combination of web data mining techniques. In particular, a web scraping system was employed to
applying a combination of web data mining techniques. In particular, a web scraping system was
prepare a corpus of TP organics-related documents published online and content mining was applied
employed to prepare a corpus of TP organics-related documents published online and content
to analyze the retrieved texts.
mining was applied to analyze the retrieved texts.
The corpus was created by introducing the term “TP Organics” (and the variant “TPOrganics”)
The corpus was created by introducing the term “TP Organics” (and the variant “TPOrganics”)
in Google and retrieving all documents in the result list. Since our objective is to understand the
in Google and retrieving all documents in the result list. Since our objective is to understand the
evolution of the ETP, only PDF files were kept because the time and date of their creation can be
evolution of the ETP, only PDF files were kept because the time and date of their creation can be
reliably determined, unlike HTML web pages. This way, the web mined content is put in the context
reliably determined, unlike HTML web pages. This way, the web mined content is put in the context
of the date in which it was created. A deduplication process to remove multiple copies of the same
of the date in which it was created. A deduplication process to remove multiple copies of the same
document was also performed to avoid double counting. The web scraping process resulted in the
document was also performed to avoid double counting. The web scraping process resulted in the
retrieval of 197 different documents related to TP Organics.
retrieval of 197 different documents related to TP Organics.
To understand the ETP functions involved in the contents of each document, we compiled a set of
To understand the ETP functions involved in the contents of each document, we compiled a set
keywords describing each of the ETP functions introduced in Section 2. For instance, finding “research
of keywords describing each of the ETP functions introduced in Section 2. For instance, finding
agenda” in a document suggests that it is related to the demand articulation (F1), while “workshop”
“research agenda” in a document suggests that it is related to the demand articulation (F1), while
suggests capacity building (F3). The complete list of the keywords we used to describe each function
“workshop” suggests capacity building (F3). The complete list of the keywords we used to describe
can be found in Appendix A. Similar methods for classifying documents were successfully validated
each function can be found in Appendix A. Similar methods for classifying documents were
in previous works [13,45,46].
successfully validated in previous works [13,45,46].
Once the keywords for each function are defined, content mining techniques were applied to the
documents in the corpus. Particularly, documents were transformed to compute the frequency of the
n-gram terms (i.e., the keywords) describing the ETP functions. Also, in order to allow for
regionalizing the activity of the ETP, the frequency of the co-occurrence of each keyword with each
EU country’s name was also accounted for. To do so, a script that extracts the text from the documents
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are predominant in the documents created in the year 2009. Another function appears as predominant
in 2010, and the same happens in 2011 and 2012. This trend continues and it is only since 2015 that
the six identified functions of the ETP are found to be predominant in the content of the documents
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Second, this pattern can be seen as a reflection of the ETP lifecycle. During the first few years
from its conception, the platform is commencing its activity and trying to acquire members and
resources, so it is located at the first part of the learning curve. Therefore, it is focused only on few
functions, especially on those that are more related to determining and settling the strategic
perspectives of the platform, i.e., “demand articulation” and “capacity building”. The first is focused
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Second, this pattern can be seen as a reflection of the ETP lifecycle. During the first few years from
its conception, the platform is commencing its activity and trying to acquire members and resources,
so it is located at the first part of the learning curve. Therefore, it is focused only on few functions,
especially on those that are more related to determining and settling the strategic perspectives of the
platform, i.e., “demand articulation” and “capacity building”. The first is focused on articulating a
research and innovation strategy involving the different actors of the system by means of developing a
Strategic Research Agenda, which is a main objective of ETPs, while the second is focused on detecting
knowledge and technology needs and promoting learning among its members and related community
on organic food and sustainable agri-food systems.
After the initial stage, the scope of the ETP increases together with its knowledge and resources.
Thus, the number of functions it can fulfill or support intensively is larger. In this regard, the platform
incorporates a third function (“institutional support”) in its second year. This would indicate that
the ETP was consolidated as a political tool. The third year incorporates the function “innovation
process management”, which consists in coordinating the interaction among different actors of the
system regarding research and innovation activities, particularly the proposal of projects under the
topic of organic food and sustainable agri-food systems under schemes of European funding (FP7,
H2020, and FP9). It is reasonable that this function appears in this moment, as it is not possible to
identify the key research and development challenges and coordinate different actors to work towards
them at least until a Strategic Research Agenda is settled (“demand articulation”), the most important
knowledge and technology needs are detected (“capacity building”) and the political influence/role
of the platform is developed (“institutional support”). However, “network brokering,” which is the
next function to appear, comes unexpectedly late despite being one of the basic activities for which
European Technology Platforms were established [47].
It is reasonable that the “knowledge brokering” function is the last one to appear, as it is only
possible to spread results of the ETP or inform about the organization and participation in relevant
activities after some years of work. However, we should point out that the frequency of documents in
which this function is predominant is not as important as expected. The reasons behind this should be
explored in future works. Despite this, the way in which the different functions appeared over time is
generally consistent with what was expected.
Finally, the order in which the different functions appear over time reflect that, regarding
the co-evolutionary approach to innovation, the hardware (technological innovation) and orgware
(organizations and institutions) dimensions are represented since the establishment of the platform,
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5.3. Geographical Penetration of the ETP
Figure 7 includes two heat maps that represent the frequency of documents mentioning each
country in the European Union. The heat map on the left represents the frequency of documents from
the years 2009 to 2013; while on the right, the period considered was from the years 2014 to 2017. The
values are standardized to a scale of 0 to 1, where 0 represents no documents available and 1
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5.3. Geographical Penetration of the ETP
Figure 7 includes two heat maps that represent the frequency of documents mentioning each
country in the European Union. The heat map on the left represents the frequency of documents from
the years 2009 to 2013; while on the right, the period considered was from the years 2014 to 2017.
The values are standardized to a scale of 0 to 1, where 0 represents no documents available and 1
represents the highest frequency in the sample.
As can be seen, the activity of TP Organics has generally increased in the second time period with
respect to the first in all countries. This is consistent with the previous results and in line with the ETP
lifecycle: in the initial years, the platform has to grow, acquire members and position itself in the sector,
so that its impact grows over time and is expected to be higher, as it is, once it has been working some
years. It can also be seen that the leading countries, in which the presence of TP Organics is higher,
are France and Germany, followed by Belgium and Italy. In the rest of the countries, the impact is lower.
This is in line with the origin of the main members of the platform, whose headquarters are established
in those countries (for instance, IFOAM and Act Alliance EU are located in Belgium, while Naturland
10, x FOR PEER
e.V.Sustainability
is located2018,
in Germany
andREVIEW
FiBL has some offices in France, Belgium, and Germany). 11 of 16
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Three areas of research will continue the present effort. The first area is the use of online data
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data processing not only for monitoring but also for forecasting. This direction can facilitate policy
analysis of the present trends and can help to foresee future directions of innovation activities and
policy-making, whether applied to one technology platform or to a group of them.
A second direction is the use of the proposed monitoring technique to compare the evolution
of different TP that could enrich the scope of innovation policies applied to sustainability.
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We acknowledge the scaling up effort that will imply the definition of a standardized and common
methodology to describe functions for various TP. If there are several technological solutions to
the problems of sustainability in the agri-food system, we would like to assess the comparative
performance of the related TPs.
A third direction is the reformulation of TP functions, not according to those adapted to innovation
intermediaries (as was the approach followed in the present study) but to specific topics related to
the main subject matter of the selected TP. Thus, it is ensured that TP Organics and other platforms
for sustainability fulfill sets of functions related to climate adaptation and mitigation, resilience,
vulnerability of agricultural systems, and other functions that will require a definition in terms of
keywords and indicators to further evaluate TP performance.
Our work is not without limitations. On the one hand, our analysis only focused on PDF
documents, thus leaving a high quantity of information out of reach of the contributed method just
because it was published in other formats. On the other hand, the results are subject to certain English
bias, as the list of keywords is mainly composed of terms in this language.
Although the results presented here are encouraging, there is still room for improvement.
There are alternative ways to solve the problem of documents involving several ETP functions that
could be explored in the future. This could be addressed by employing more advanced techniques,
such as fuzzy clustering or with a term frequency–inverse document frequency (tf-idf) scheme.
A more precise document classification would allow for a deeper understanding of the evolution of
the platform.
In summary, this article has introduced a new tool for TP assessment with a wide range of possible
applications for policy monitoring and evaluation.
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Appendix A
Table A1. Keywords selected to represent each TP function.
TP Function

Keywords

Demand articulation

agenda, research agenda, innovation agenda, strategic agenda,
strategic research agenda, sra

Institutional support

regulation/s, regulated, recommendation/s, policy maker/s,
policy making, legislation, legislative, council,
european commission

Capacity building

workshop/s, conference/s, forum, congress, organic
innovation days symposium, science day, training

Network brokering

eatip, eposs, etpgah, eurobotics, fabre tp, fabre, food for life,
manufuture, wsstp, cooperation
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Table A1. Cont.
TP Function

Keywords

Innovation process management

work programme, h2020, horizon 2020, deliverable, fp7, fp 7,
seventh framework programme, societal challenge 2 project,
funds, funded, funding, era net, cofund, multi actor project,
budget, eip agri, eip, jpi, face, facce jpi, era net core, organic
core, core organic I, core organic II, core organic plus, cost
action, research action/s, research project/s, operational group,
focus group, university, universities, business, businesses,
enterprise/s, company, companies, firm/s, umbrella
organization/s, SME/s, federation/s, association/s,
research institute/s, research group/s, research center/s,
research centre/s, ngo/s, non-governmental organization/s,
farmer/s, farm/s

Knowledge brokering

newsletter/s, article/s, research paper/s, report/s, book/s,
paper/s, leaflet/s, brochure/s, dossier/s, publication/s,
portfolio/s, journal/s, transfer, transfers, transferred, press,
newspaper/s, magazine/s, ok net arable, patent/s, patented,
pct, wipo, epo

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.

Sayer, J.; Cassman, K.G. Agricultural innovation to protect the environment. Proc. Natl. Acad. Sci. USA 2013,
110, 8345–8348. [CrossRef] [PubMed]
European Commission. Technology Platforms: From Definition to Implementation of a Common Research Agenda;
Office for Official Publications of the European Communities: Luxembourg, 2008; ISBN 92-894-8191-9.
Könnölä, T.; Salo, A.; Brummer, V. Foresight for European coordination: Developing national priorities for
the forest-based sector technology platform. Int. J. Technol. Manag. 2011, 54, 438–459. [CrossRef]
Levidow, L.; Birch, K.; Papaioannou, T. EU agri-innovation policy: Two contending visions of the
bio-economy. Crit. Policy Stud. 2012, 6, 40–65. [CrossRef]
Levidow, L.; Birch, K.; Papaioannou, T. Divergent paradigms of european agro-food innovation. Sci. Technol.
Hum. Values 2013, 38, 94–125. [CrossRef]
ERA-NET in Horizon 2020. Available online: http://ec.europa.eu/research/era/era-net-in-horizon-2020_
en.html (accessed on 22 September 2018).
European Commission. Strategy for European Technology Platforms: ETP 2020; Commission Staff Working
Document, SWD(2013) 272 Final; European Commission: Brussels, Belgium, 2013.
Choi, H.; Varian, H. Predicting the Present with Google Trends. Econ. Rec. 2012, 88, 2–9. [CrossRef]
Vicente, M.R.; López-Menéndez, A.J.; Pérez, R. Forecasting unemployment with internet search data: Does it
help to improve predictions when job destruction is skyrocketing? Technol. Forecast. Soc. Chang. 2015, 92,
132–139. [CrossRef]
Blazquez, D.; Domenech, J. Web data mining for monitoring business export orientation. Technol. Econ.
Dev. Econ. 2018, 24, 406–428. [CrossRef]
ESSNET Big Data. Available online: https://webgate.ec.europa.eu/fpfis/mwikis/essnetbigdata/index.
php/ESSnet_Big_Data (accessed on 8 November 2018).
Blazquez, D.; Domenech, J. Big Data sources and methods for social and economic analyses. Technol. Forecast.
Soc. Chang. 2018, 130, 99–113. [CrossRef]
Arora, S.K.; Youtie, J.; Shapira, P.; Gao, L.; Ma, T. Entry strategies in an emerging technology: A pilot
web-based study of graphene firms. Scientometrics 2013, 95, 1189–1207. [CrossRef]
De Mauro, A.; Greco, M.; Grimaldi, M.; Ritala, P. Human resources for Big Data professions: A systematic
classification of job roles and required skill sets. Inf. Process. Manag. 2018, 54, 807–817. [CrossRef]
Darnhofer, I. Socio-technical transitions in farming: Key concepts. In Transition Pathways towards Sustainability
in Agriculture: Case Studies from Europe; Sutherland, L.-A., Darnhofer, I., Wilson, G., Zagata, L., Eds.; CABI:
Oxfordshire, UK, 2015; pp. 17–31.

Sustainability 2018, 10, 4497

16.

17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

14 of 15

Kilelu, C.W.; Klerkx, L.; Leeuwis, C. Unravelling the role of innovation platforms in supporting co-evolution
of innovation: Contributions and tensions in a smallholder dairy development programme. Agric. Syst.
2013, 118, 65–77. [CrossRef]
Howells, J. Intermediation and the role of intermediaries in innovation. Res. Policy 2006, 35, 715–728.
[CrossRef]
Klerkx, L.; Leeuwis, C. Establishment and embedding of innovation brokers at different innovation system
levels: Insights from the Dutch agricultural sector. Technol. Forecast. Soc. Chang. 2009, 76, 849–860. [CrossRef]
Klerkx, L.; Aarts, N.; Leeuwis, C. Adaptive management in agricultural innovation systems: The interactions
between innovation networks and their environment. Agric. Syst. 2010, 103, 390–400. [CrossRef]
Kilelu, C.W.; Klerkx, L.; Leeuwis, C.; Hall, A. Beyond knowledge brokering: An exploratory study on
innovation intermediaries in an evolving smallholder agricultural system in Kenya. Knowl. Manag. Dev. J.
2011, 7, 84–108. [CrossRef]
Eastwood, C.R.; Chapman, D.F.; Paine, M.S. Networks of practice for co-construction of agricultural decision
support systems: Case studies of precision dairy farms in Australia. Agric. Syst. 2012, 108, 10–18. [CrossRef]
Boon, W.P.; Moors, E.H.; Kuhlmann, S.; Smits, R.E. Demand articulation in emerging technologies:
Intermediary user organisations as co-producers? Res. Policy 2011, 40, 242–252. [CrossRef]
Hakkarainen, L.; Hyysalo, S. The evolution of intermediary activities: Broadening the concept of facilitation
in living labs. Technol. Innov. Manag. Rev. 2016, 6, 45–58. [CrossRef]
Kivimaa, P.; Boon, W.; Hyysalo, S.; Klerkx, L. Towards a Typology of Intermediaries in Transitions: A Systematic
Review; Ciarli, T., Rotolo, D., Eds.; SPRU Working Paper Series; Science Policy Research Unit: Brighton, UK, 2017.
Alvesson, M. Management of Knowledge-Intensive Companies; Walter de Gruyter: Berlin, Germany; New York,
NY, USA, 1995; ISBN 978-3-11-090056-9.
Miles, I. Knowledge intensive business services: Prospects and policies. Foresight 2005, 7, 39–63. [CrossRef]
Strambach, S. Knowledge-Intensive Business Services (KIBS) as drivers of multilevel knowledge dynamics.
Int. J. Serv. Technol. Manag. 2008, 10, 152–174. [CrossRef]
Mas-Verdú, F.; Wensley, A.; Alba, M.; Álvarez-Coque, J.M.G. How much does KIBS contribute to the
generation and diffusion of innovation? Serv. Bus. 2011, 5, 195. [CrossRef]
Hekkert, M.P.; Suurs, R.A.; Negro, S.O.; Kuhlmann, S.; Smits, R.E. Functions of innovation systems: A new
approach for analysing technological change. Technol. Forecast. Soc. Chang. 2007, 74, 413–432. [CrossRef]
Hekkert, M.P.; Negro, S.O. Functions of innovation systems as a framework to understand sustainable
technological change: Empirical evidence for earlier claims. Technol. Forecast. Soc. Chang. 2008, 76, 584–594.
[CrossRef]
Bessant, J.; Rush, H. Building bridges for innovation: The role of consultants in technology transfer. Res. Policy
1995, 24, 97–114. [CrossRef]
Biggs, S.D. A multiple source of innovation model of agricultural research and technology promotion.
World Dev. 1990, 18, 1481–1499. [CrossRef]
Smits, R.E.; Kuhlmann, S.; Shapira, P. The Theory and Practice of Innovation Policy; Edward Elgar Publishing:
Cheltenham, UK, 2010; ISBN 9781845428488.
Padel, S.; Röcklinsberg, H.; Schmid, O. The implementation of organic principles and values in the European
Regulation for organic food. Food Policy 2009, 34, 245–251. [CrossRef]
Robertson, G.P.; Gross, K.L.; Hamilton, S.K.; Landis, D.A.; Schmidt, T.M.; Snapp, S.S.; Swinton, S.M.
Farming for ecosystem services: An ecological approach to production agriculture. BioScience 2014, 64,
404–415. [CrossRef] [PubMed]
Willer, H.; Lernoud, J. The World of Organic Agriculture. Statistics and Emerging Trends 2016; Research Institute
of Organic Agriculture FiBL/IFOAM Organics International/Medienhaus Plump: Bonn, Germany, 2016;
ISBN 978-3-03736-307-2.
Reganold, J.P.; Wachter, J.M. Organic agriculture in the twenty-first century. Nat. Plants 2016, 2, 15221.
[CrossRef] [PubMed]
Rahmann, G.; Ardakani, M.R.; Bàrberi, P.; Boehm, H.; Canali, S.; Chander, M.; David, W.; Dengel, L.;
Erisman, J.W.; Galvis-Martinez, A.C.; et al. Organic Agriculture 3.0 is innovation with research. Org. Agric.
2017, 7, 169–197. [CrossRef]

Sustainability 2018, 10, 4497

39.

40.
41.
42.

43.

44.
45.

46.
47.

15 of 15

Muller, A.; Schader, C.; Scialabba, N.E.H.; Brüggemann, J.; Isensee, A.; Erb, K.H.; Smith, P.; Klocke, P.;
Leiber, F.; Stolze, M.; et al. Strategies for feeding the world more sustainably with organic agriculture.
Nat. Commun. 2017, 8, 1290. [CrossRef] [PubMed]
Seufert, V.; Ramankutty, N.; Foley, J.A. Comparing the yields of organic and conventional agriculture. Nature
2012, 485, 229–235. [CrossRef] [PubMed]
Geels, F. The multi-level perspective on sustainability transitions: Responses to seven criticism. Environ. Innov.
Soc. Transitions 2011, 1, 24–40. [CrossRef]
Elzen, B.; Barbier, M.; Cerf, M.; Grin, J. Stimulating transitions towards sustainable farming systems.
In Farming Systems Research into the 21st Century: The New Dynamic; Darnhofer, I., Gibbon, D., Dedieu, B.,
Eds.; Springer: Dordrecht, The Netherlands, 2012; pp. 431–455. ISBN 9789400745025.
Niggli, U.; Slabe, A.; Schmid, O.; Halberg, N.; Schlüter, M. Vision for an Organic Food and Farming Research
Agenda 2025. Organic Knowledge for the Future; TP Organics: Brussels, Belgium, 2008; Available online:
http://orgprints.org/13439/ (accessed on 18 September 2018).
Niggli, U.; Willer, H.; Baker, B. A Global Vision and Strategy for Organic Farming Research; TP Organics: Brussels,
Belgium, 2016; Available online: http://orgprints.org/31340/ (accessed on 18 September 2018).
Blazquez, D.; Domenech, J.; Gil, J.A.; Pont, A. Business Export Orientation Detection through Web Content
Analysis. In Web Information Systems Engineering—WISE 2014, Proceedings of the 15th International Conference,
Thessaloniki, Greece, 12–14 October 2014, Lecture Notes in Computer Science; Springer: Cham, Switzerland, 2014;
pp. 435–444.
Blazquez, D.; Domenech, J.; Gil, J.A.; Pont, A. Monitoring e-commerce adoption from online data. Knowl. Inf. Syst.
2018, in press. [CrossRef]
ERA LEARN—Other ERA relevant Partnership Initiatives. Available online: https://www.era-learn.eu/p2p-ina-nutshell/type-of-networks/other-era-relevant-partnership-initiatives#ETPs (accessed on 8 November 2018).
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

