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ABSTRACT
Purpose: This article describes the development and validation of a
survey designed to measure the vision of European agricultural
advisors towards innovation.
Design/Methodology/Approach: The items of the instrument
were developed based on the conceptual framework provided by
the position paper for the Transformative Innovation Policy
Consortium. The resulting instrument was completed by 656
advisors recruited through the network of the European Horizon
2020 i2connect project. The data was divided into two random
subsets. The structure of the instrument was explored using an
exploratory factor analysis (EFA) using one subset and convergent
validity was tested by applying confirmatory factor analysis (CFA)
to the second subset.
Findings: The EFA resulted in a three-factor solution. In accordance
with the conceptual framework, these factors were labelled (a)
linear innovation, (b) innovation systems and (c) transformative
change. The CFA demonstrated an adequate fit and a satisfactory
level of internal consistency.
Practical implications: The instrument can assist in eliciting
advisors’ views on innovation, which could be used in advisors’
selection and recruitment.
Theoretical implications: Building on a strong conceptual basis, the
paper presents a theoretically robust instrument for assessing advisors’
views on different innovation models. Such assessments could in turn
lead to further expand and elaborate concepts on this aspect.
Originality/Value: The survey is the first instrument to include the
emerging policy paradigm of transformative change and as such
allows measuring the degree to which European advisors are willing
to support transformative innovation policy.
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Introduction

Our global society has been confronted with major social, economic and environmental
challenges, called ‘Grand Challenges’. These issues, such as climate change and sustain-
able and inclusive growth, require urgent attention but they do not occur in isolation;
they are interconnected, complex and systemic (Mazzucato 2017). In the agricultural
sector, for example, food security and climate-smart agriculture influence one another
in a reciprocal fashion. These Grand Challenges have led to the formulation of ambitious
goals, such as the 17 sustainable development goals (SDGs), formulated by the United
Nations General Assembly in 2015 (United Nations Department of Economic and
Social Affairs 2023). Since their initial formulation, the SDGs have been the foundation
for many global policy aims, such as reducing greenhouse gas emissions to near zero by
the end of the century (United Nations Environment Programme 2022). Reaching this
target will inevitably require fundamental changes in our way of life, such as a transform-
ation of our food and financial systems (United Nations Environment Programme 2022).
The implementation of these changes must be guided by well-thought-out innovation
policy (Fagerberg, Laestadius, and Martin 2016; Fagerberg 2018).

It is widely recognised that innovation processes are collective endeavours. These pro-
cesses require all the actors with the potential to influence the direction of innovation to
bring their strategic capacities to the table (Kanger 2020; Mazzucato 2017; Toillier et al.
2022). However, the formation of adequate innovation coalitions is not guaranteed, as
ideological differences have been known to hinder the process (Klerkx, van Mierlo,
and Leeuwis 2012). The alignment of several different views of innovation is paramount
to the process.

Innovation intermediaries can influence transition processes. A growing body of lit-
erature recognises the importance of their work to link actors, activities, skills and
resources (Kivimaa et al. 2019a, 2019b; Knickel et al. 2021; Tisenkopfs et al. 2015;
Vilas-Boas, Klerkx, and Lie 2022; Wieczorek and Hekkert 2012). These intermediaries
are also referred to as innovation brokers, boundary spanners, coalition builders and
the like.

In the agricultural sector, agricultural advisors are increasingly seen as key actors in
agricultural innovation systems (AIS) (Klerkx and Leeuwis 2009; Knierim et al. 2017).
Where, historically, advisors were subject matter experts, they are now taking on more
diverse roles, for example, acting as a sensemaker in the smart farming innovation
system (Eastwood et al. 2019; Fielke, Taylor, and Jakku 2020), facilitating learning
(Labarthe and Laurent. 2013), advisory organisations acting as intermediary to facilitate
coordinated action (Compagnone and Simon 2018), etc. This is also reflected in recent
literature focussing on new competencies for advisors (Lybaert et al. 2022; Seitz et al.
2022) and studies focused on advisors’ understanding of their own role (Turner et al.
2023). Agricultural policy is also keeping up with this trend. For example, in Europe, a
growing number of initiatives, funded under the Horizon 2020 and Horizon Europe fra-
meworks, are being set up with the aim of empowering advisors to act as an innovation
broker by linking research, industry and farmer communities (Smart-AKIS 2022), a
process coined ‘interactive innovation’ (European Commission 2020). However, these
policy instruments typically target what are referred to as ‘impartial advisors’, which
appears to be conflicting with current reality (Fieldsend et al. 2021; Sutherland and
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Labarthe 2022). In recent times, many nations have witnessed a surge in the privatisation
of their agricultural advisory sector. This shift is a consequence of reduced government
involvement and a growing dependence on the private sector to provide advisory services
(Nettle, Crawford, and Brightling 2018). Consequently, a diverse array of advisory service
providers has emerged (Knierim et al. 2017), some of which also offer various commer-
cial services. This diversity raises questions about the impartiality and independence of
the advice they provide. It is worth noting that many farmers maintain trust-based
relationships with these partial advisors, such as input suppliers and retailers. Further-
more, the presence of truly ‘impartial’ advisors who exclusively offer advice is often a
rarity in many contexts (Sutherland and Labarthe 2022). Given the significant role
these advisors play for farmers, we recognised the importance of including them in
this study. This study, therefore, outlines the design and development of an instrument
aimed at assessing the perspectives of agricultural advisors on innovation, irrespective of
the level of independence of the advice providers.

As advisors are expected to be the driving force behind innovation processes, we feel it
is important to discern their actual views on this matter. This need is also demonstrated
by the results of the European funded LIAISON project, which state the term ‘interactive
innovation’, a central concept in many European policy instruments, is not well under-
stood by key actors in the agricultural knowledge and innovation system (AKIS) (Field-
send et al. 2021). Furthermore, the topic of transformation is receiving increased
attention in academic literature and the use of this instrument could contribute to the
discourse on how advisory services can support the transformation of our agri-food
system and define the role of individual advisors (Klerkx 2020).

Thus, the purpose of this paper is to create and validate a tool for gauging the agree-
ment of agricultural advisors with the three most prevailing innovation models. With
the aim of reaching a large population, an appropriate quantitative instrument (a
survey) was developed. Agricultural innovation policy is often established at a broad
scale (e.g. European or even global level), covering diverse cultural and linguistic con-
texts. Therefore the instrument needs to be applicable to these diverse contexts. We
begin this article with background information on how views towards innovation
have changed over the past century (Section 1). Section 2 introduces the conceptual
basis for the design of the instrument, that is, the position paper for the Transformative
Innovation Policy Consortium1 (Schot and Steinmueller 2018). Our instrument was
built on the three prevailing innovation policy paradigms and their underlying inno-
vation models, mentioned in that paper. In Section 3 we present the methodology
used to design and validate the structure and items of the instrument. The results
are then presented (Section 4), and we conclude with a discussion of the results and
perspectives for future research (section 5).

Changing views on innovation policy

Over the last century, innovation policy scholars have changed their discourse from a
focus on innovation for growth to a systems perspective on innovation and finally to
the current focus on the paradigm of transformative change (Boon, Edler, and Robinson
2022; Borrás and Edler 2020; Diercks, Larsen, and Steward 2019; Köhler et al. 2019; Kuhl-
mann and Rip 2018; Schot and Steinmueller 2018; Steward 2012).
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After the Second World War, the innovation for growth policy paradigm became
dominant, especially in the United States and in Europe. Within this view of innovation,
science and technology are valued for their potential to increase wealth by steering the
economy towards mass production and consumption (Arrow 1962; Nelson 1959). In
the 1980s, this linear view of innovation was criticised as being too simplistic, giving
rise to a more systemic and holistic view on innovation, often called ‘systems thinking’
(Fagerberg, Mowery, and Nelson 2006; Jarrett 1985; Nelson 1993). Whereas the first
paradigm emphasised knowledge development, the systems perspective on innovation
strives to create an environment that stimulates innovation (Diercks, Larsen, and
Steward 2019). Within the last decade, scholars have questioned whether this innovation
systems policy paradigm can cope with current societal challenges. In response, scholars
have put forward the paradigm of transformative change (Borrás and Edler 2020; Boon,
Edler, and Robinson 2022; Diercks, Larsen, and Steward 2019; Köhler et al. 2019; Kuhl-
mann and Rip 2018; Schot and Steinmueller 2018; Steward 2012). Transformative inno-
vation policy prioritises social and environmental objectives over competitiveness and
economic growth and is inclusive and experimental by nature (Diercks, Larsen, and
Steward 2019).

Currently, the paradigms of innovation for growth and innovation systems are already
established in contemporary innovation policy discussions (Diercks, Larsen, and Steward
2019; Schot and Steinmueller 2018).

The literature on agricultural innovation shows a similar evolution in perspective
(Klerkx, van Mierlo, and Leeuwis 2012) as the linear ‘transfer of technology’ paradigm
has given way to a systems perspective on innovation (Knickel et al. 2009). For
example, the transfer of technology model is characterised by ‘one-way’ knowledge
flows but those have since been deemed inappropriate. In response to these criticisms,
the AKIS concept was created. It describes knowledge exchange in a certain region
and maps the actors and services that support such an exchange (Knierim et al. 2015;
Rivera et al. 2006). However, it has recently faced criticism due to its predominantly
national-level focus and its detachment from academic perspectives on innovation pro-
cesses (Sutherland et al. 2023). Another significant example is the AIS concept, which
sees innovation processes as multidimensional and complex interactions of new and
interdependent practices implemented by a variety of actors (Hall et al. 2006; Toillier
et al. 2022). Both the AKIS and the AIS concepts emerged in parallel, rather than building
on each other; as the AKIS concept emerged from an advisory perspective, while the AIS
concept was developed from a research perspective (Klerkx, van Mierlo, and Leeuwis
2012; Rivera et al. 2006). More recently, the importance of a mission-oriented view on
AIS has becoming apparent in agricultural literature (Klerkx and Begemann 2020).
Mission-oriented innovation policies respond to the Grand Challenges and thus coincide
with transformative innovation policy (Mazzucato 2017).

An examination of recent agricultural policy strategies, such as the European Green
Deal and the resulting Farm to Fork strategy, clearly reveals a transformative view on
innovation. This emerging paradigm does not replace the established paradigms of inno-
vation for growth and innovation systems, as paradigm shifts can be seen as evolutionary
processes. New paradigms exist as a layer over and alongside established ones (Diercks,
Larsen, and Steward 2019), as ideational paradigms never disappear completely (Skog-
stad 2011). This is reflected in concepts such as interactive innovation and its practical
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translation, the ‘multi-actor approach’ (i.e. the collaboration of farmers, farm advisors,
scientists and other stakeholders to develop innovative solutions to practical problems
European Commission 2020 [ .]). These concepts are currently being applied in many
initiatives under the Horizon Europe programme. For example, in the Horizon
Europe Working programme 2023–2024 for Cluster 6 ‘Food, Bioeconomy, Natural
Resources, Agriculture and Environment’, 83 of the 176 topics require a multi-actor
approach to be eligible for funding (European Commission 2022). It thus seems that
the expectations set for agricultural advisors by the European Commission (i.e. to take
up a facilitating role in multi-actor innovation projects) are rooted in innovation
systems thinking. However, since the evolution in perspective is a continuous process
and since the main policy strategies already reflect a transformative view on innovation,
we assume that expectations towards advisors will also shift towards this vision of trans-
formative change. This shift towards transformative innovation is also not merely a Euro-
pean phenomenon. The Transformative Innovation Policy Consortium is a global
consortium of i.a. innovation policymakers and researchers, promoting transformative
innovation to address the societal and environmental challenges on which the SDGs
are founded, with consortium members in Columbia, South Africa, China, Panama,
etc. (Transformative Innovation Policy Consortium 2023). Furthermore, the Global
Forum on Agricultural Research and Innovation is advocating for transformative
change in the global agrifood research and innovation system (Global Forum on Agricul-
tural Research and Innovation 2023).

Conceptual background

The conceptual background for our instrument is the position paper for the Transforma-
tive Innovation Policy Consortium, ‘Three Frames of Innovation Policy’ by Schot and
Steinmueller (2018). This article outlines the history and theory behind the three prevail-
ing policy paradigms, set out in section 2 (innovation for growth, innovation systems and
transformative change) and describes their respective underlying innovation models.

It is important to differentiate between the theory and practice of innovation policy
(Fagerberg 2018). In Section 2, the three prevailing innovation paradigms are explained,
but as advisors operate in a practical context, our instrument was built on the practical
models of innovation and knowledge exchange that underlie these theoretical policy
paradigms. The following paragraphs describe these innovation models according to
the position paper of Schot and Steinmueller (2018) and a subsequent summary report
(Schot et al. 2018).

Linear innovation model

According to Schot and Steinmueller (2018) and Schot et al. (2018), the innovation
model underlying the innovation for growth paradigm has a linear view of innovation.
Scientific discovery leads to innovation (i.e. the commercialisation of invention) which
in turn leads to diffusion and adoption. The linear innovation model emphasises high-
level technology and the creation of radical novelty. Its main strategy is to focus on
knowledge creation by providing support for basic and applied science. The role of
the private sector is to translate scientific discoveries into innovation, which are in
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turn expected to support economic growth. This linear model attaches great value to
STEM (science, technology, engineering and mathematics) subjects. When applying
this model to the context of agricultural advisors, their role can be described as trans-
ferring technological discoveries from a research context to the practical context of the
farmer.

Innovation systems model

Schot and Steinmueller (2018) and Schot et al. (2018) state that the innovation model
at the foundation of the innovation systems paradigm has moved away from a linear
view of innovation towards an interactive and system-bound perspective (as exem-
plified by a chain-link model). Instead of seeing knowledge as flowing in a straight
line from science to applied R&D to commercialisation, knowledge is created
through interaction among diverse actors in national, sectoral, and regional infor-
mation systems. These interactions require a process of interactive learning and the
building of capabilities for the uptake and adaptation of knowledge, which is often
influenced by physical and cognitive proximity. Therefore, it is necessary to align
the actors, objectives, and capacities for interaction, in order to maximise the effective-
ness of these processes. In the innovation systems model, knowledge is being increas-
ingly produced in an application context, with an increasing diversity of actors being
involved in knowledge production. This model identifies the users as possible sources
of innovation. The strategy focusses less on funding of pre-competitive R&D and more
on learning between the actors in the system, for example, by stimulating learning-by-
doing or by constructing links between actors. The innovation systems model values
both radical and incremental product and process innovations. As mentioned above
the AIS and AKIS concepts can be considered as examples of innovation systems
thinking (Klerkx, van Mierlo, and Leeuwis 2012; Rivera et al. 2006). The concept of
interactive innovation and its practical translation, the ‘multi-actor approach’ also fit
within the innovation systems perspective.

Transformative change model

According to Schot and Steinmueller (2018) and Schot et al. (2018), the innovation
model underlying the transformative innovation paradigm considers an innovation
process to be an exploratory process guided by social and environmental objectives.
The paradigm of transformative innovation therefore assumes that there is no
single best pathway to sustainability, equality or other socially desirable goals and
thus considers innovation processes to be experimental in nature. Innovation
involves multiple actors that all anticipate and negotiate alternative pathways with a
potential for system change. Innovation should come with a willingness to revisit
existing structures and arrangements to address societal challenges. An acceptable
pathway for change will result from the accumulation of experience of a diverse set
of actors with different motivations and priorities. Knowledge should thus be co-pro-
duced through dialogue in this collective search process. Innovation processes are
likely to be effective in achieving their societal goals if they are inclusive, experimental,
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and aimed at changing the direction of socio-technical systems in all of
their dimensions. In this view, innovation is considered primarily as a means to
address social and environmental challenges, with economic growth seen as a
bonus. The transformative vision on innovation is still in its infancy.
One major issue highlighted in the literature is the lack of clarity about how exper-
imentation can lead to transformative change (Kivimaa et al. 2017; Schot and
Steinmueller 2018).

Methods

Development of the instrument

As mentioned above, the current study used the position paper ‘Three frames for inno-
vation policy’ by Schot and Steinmueller (2018) as a conceptual basis (section 3) together
with their respective innovation models, (a) linear innovation model, (b) innovation
systems model and (c) transformative change model (Schot and Steinmueller 2018;
Schot et al. 2018).

A survey was designed to gauge the view of EU agricultural advisors on each policy
paradigm. Likert scale items were developed to measure the advisors’ degree of agree-
ment with the three innovation models mentioned above.

First, elements characterising the innovation models were inventoried and tabulated.
Next, the elements were translated into statements (items) relating to these models. Inspi-
ration for the formulation of the items was found in the validated instrument created by
Landini and Beramendi (2019). Their instrument was designed to assess the beliefs of
extension agents in Argentina regarding extension services and innovation. Statements
from Landini and Beramendi (2019) were reformulated to be consistent with the charac-
teristics described in the article by Schot and Steinmueller (2018) and supplemented with
items gauging the paradigm of transformative change. For each of the innovation models,
seven items were formulated and discussed thoroughly with all co-authors and other
experts in the field to assure that all seven items clearly and accurately characterised the
model in question. The first version of this instrument thus comprised 21 items divided
across three scalesmeasuring the level of agreement with the linear innovation, innovation
systems and transformative changemodels. All items (seeAnnex 1)were rated on a 7-point
Likert scale ranging from 1 for ‘strongly disagree’ to 7 for ‘strongly agree’.

The resulting instrument was translated from English to Croatian, Dutch, French,
German, Greek, Hungarian, Italian, Polish, Slovenian and Spanish. The initial translation
was made by the research team with help from machine translation programmes DeepL
and Google Translate. The machine-generated translations were then checked, adjusted,
and corrected where needed by native speakers of the aforementioned languages.

Data collection

A variety of participants were reached by disseminating the survey through the network
of advisors of the EU-funded Horizon 2020 i2connect project.2 The i2connect consor-
tium is composed of 42 organisations from 21 European countries, which allowed us
to obtain responses from respondents working in 24 different countries. An invitation
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e-mail was drafted and translated into the above languages using the same approach. The
survey was disseminated using a snowball sampling approach, where i2connect consor-
tium members were asked to forward the email to their local network of advisors. The
survey was administered between February 2022 and April 2022 using the online Lime-
survey platform. Participation in the survey was voluntary and included an informed
consent outlining the purpose of the study and confidentiality of individual responses.
The participants had a choice of 11 languages (see above) in which they could complete
the survey. In addition to the newly developed instrument, we also collected information
on the background characteristics of the participants (i.e. age, gender, location, education
level, agricultural background, work experience as an advisor, organisation for which
they work, role in the organisation and job description).

The study was approved by the Ethics Commission of the Flanders Research Institute
for Agriculture, Fisheries and Food (ILVO).

Data cleaning

The snowball sampling approach to survey dissemination made it impossible to know
exactly how many advisors received the email, thus the response rate cannot be calcu-
lated. After closing the survey, the data (N = 2672) was exported to a csv file format
and imported into R (version 2022.02.2). The data was restructured to comply with
the tidy data format, using the Tidyverse package (Wickham and Grolemund 2017;
Wickham et al. 2019). Next, the data were cleaned from unreliable observations such
as incomplete responses, doubles, respondents that were not agricultural advisors, spee-
ders (i.e. respondents who completed the survey in less than 2% of the average response
time) and flatliners (i.e. respondents who selected the same answer to every multiple-
choice question). Respondents from outside the EU were also excluded as they were
not part of our target population.

Sample

After data cleaning, the sample consisted of 656 responses. Respondents were predo-
minantly male (61.43% male, 37.65% female, 0.91% declined to answer). Among the
respondents, the vast majority (97.14%) had completed higher education (Bachelor,
Master, PhD). Only a small number of participants reported another degree as the
highest educational degree (secondary school = 0.61%, technical school and/or
apprenticeship = 1.98%). The age of participants ranged from 19 to 65+, with an
average of 47 (SD = 12). The distribution according to the country of residence was
skewed. Some countries, such as Belgium, Hungary, and Ireland, were overrepre-
sented. The type of organisation the respondents worked for was also relatively
diverse, 43.60% were active in the public sector (public advisory service and
chamber of agriculture), 39.79% were active in the private sector (bank, legal
counsel, accountancy firm, farmers’ union, local farmers group, private sector advisory
service, self-employed advisors). A minority of respondents (6.71%) were working for
agri-input suppliers and agri-tech providers. Detailed characteristics of the sample are
presented in Table 1.
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Table 1. Sample characteristics.
Total First half sample Second half sample

N Percentage N Percentage N Percentage

Total 656 100 328 100 328 100
Age
19–25 16 2.44 10 3.05 6 1.83
26–30 63 9.60 40 12.20 23 7.01
31–35 43 6.55 18 5.49 25 7.62
36–40 85 12.96 38 11.59 47 14.33
41–45 83 12.65 44 13.41 39 11.89
46–50 109 16.62 55 16.77 54 16.46
51–55 90 13.72 46 14.02 44 13.41
56–60 73 11.13 32 9.76 41 12.50
61–65 57 8.69 29 8.84 28 8.54
65+ 37 5.64 16 4.88 21 6.40
Location
Austria 22 3.35 13 3.96 9 2.74
Belgium 184 28.05 88 26.83 96 29.27
Bulgaria 2 0.30 1 0.30 1 0.30
Croatia 3 0.46 2 0.61 1 0.30
Cyprus 7 1.07 2 0.61 5 1.52
Finland 1 0.15 0 0.00 1 0.30
France 32 4.88 21 6.40 11 3.35
Germany 28 4.27 11 3.35 17 5.18
Greece 18 2.74 8 2.44 10 3.05
Hungary 96 14.63 46 14.02 50 15.24
Ireland 87 13.26 46 14.02 41 12.50
Italy 17 2.59 8 2.44 9 2.74
Latvia 1 0.15 1 0.30 0 0.00
Luxembourg 2 0.30 0 0.00 2 0.61
Netherlands 3 0.46 2 0.61 1 0.30
Poland 32 4.88 16 4.88 16 4.88
Portugal 4 0.61 3 0.91 1 0.30
Romania 1 0.15 1 0.30 0.00
Serbia 2 0.30 1 0.30 1 0.30
Slovakia 1 0.15 0 0.00 1 0.30
Slovenia 35 5.34 21 6.40 14 4.27
Spain 73 11.13 35 10.67 38 11.59
Switzerland 4 0.61 2 0.61 2 0.61
Other EU 1 0.15 0 0.00 1 0.30
Work experience as an advisor in years
<2 47 7.16 25 7.62 22 6.71
2–5 120 18.29 69 21.04 51 15.55
6–10 97 14.79 49 14.94 48 14.63
11–15 70 10.67 32 9.76 38 11.59
16–20 91 13.87 47 14.33 44 13.41
21–25 68 10.37 34 10.37 34 10.37
26–30 77 11.74 34 10.37 43 13.11
31–35 38 5.79 18 5.49 20 6.10
36–40 30 4.57 12 3.66 18 5.49
40+ 18 2.74 8 2.44 10 3.05
Language
nl 126 19.21 55 16.77 71 21.65
fr 71 10.82 41 12.50 30 9.15
en 176 26.83 94 28.66 82 25.00
el 11 1.68 3 0.91 8 2.44
pl 31 4.73 16 4.88 15 4.57
de 53 8.08 25 7.62 28 8.54
hr 3 0.46 1 0.30 2 0.61
sl 34 5.18 21 6.40 13 3.96
it 11 1.68 6 1.83 5 1.52
hu 95 14.48 46 14.02 49 14.94

(Continued )
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Analysis

To establish the structure of the instrument, the sample (N = 656) was split into two
random equally sized subsets, one for the exploratory and one for the confirmatory
factor analysis. The structure of the instrument was examined using exploratory factor
analysis (EFA) performed on the first random subset (n = 328), using a Maximum Like-
lihood extraction method with oblique rotation. The EFA was used to check whether a set
of latent structures underlying the 21 items could be identified that corresponded to the
conceptual basis of Schot and Steinmueller (2018), Fabrigar et al. (1999) and Goretzko
et al. (2021). The sample size was sufficiently high, as a minimum of 300 subjects is
deemed acceptable for EFA (Rouquette and Falissard 2011).

The second random subset (n = 328) was used to perform a Confirmatory Factor
Analysis (CFA) to validate the structure of the instrument derived from the EFA. The
CFA was also conducted using the Maximum Likelihood method and was performed
in R (version 2022.02.2), using the Lavaan package (Rosseel 2012). Model fit was
improved by adding covariances between items within factors if modification indices
were 10 or higher (Byrne 2016). To determine the adequacy of the model fit several fit
indices were analysed, that is, Normed Chi-Square Index (x2/df), Comparative Fit
Index (CFI), Tucker Lewis Index (TLI), Standardized Root Mean Square Residual
(SRMR), Root Mean Square Error of Approximation (RMSEA) (Kyndt and Onghena
2014). Model fit is considered adequate when (x2/df) < 3, CFI > 0.90, TLI > 0.90,
SRMS < 0.08 and RMSEA < 0.08 (Kyndt and Onghena 2014).

Subsequently, the reliability of each scale was assessed by computing Cronbach’s alpha
coefficients, which measure the internal consistency of the items within each scale (Song
et al. 2015).

Finally, the measurement invariance across groups was assessed, as the instrument was
developed for widespread use across Europe. To compare the view on innovation across
groups (e.g. advisors from different nationalities) it is important to determine whether
the instrument measures the same structures across these groups. Because the number
of responses in the different languages was highly variable (Table 1), and most groups
were too small, invariance was tested for the two groups with the highest number of
responses (i.e. Dutch and English) to give an initial indication of potential problems
regarding interpretation of the items across different language groups.

Table 1. Continued.
Total First half sample Second half sample

N Percentage N Percentage N Percentage

es 45 6.86 20 6.10 25 7.62
Organisation type
Agri-input supplier 29 4.42 11 3.35 18 5.49
Agri-tech provider 15 2.29 10 3.05 5 1.52
Bank, legal counsel, accountancy firm, etc. 9 1.37 3 0.91 6 1.83
Chamber of agriculture 63 9.60 38 11.59 25 7.62
Farmers’ association/ Farmers’ union 67 10.21 38 11.59 29 8.84
Local farmers’ group 17 2.59 7 2.13 10 3.05
Private sector advisory services 86 13.11 41 12.50 45 13.72
Public sector advisory services 223 33.99 108 32.93 115 35.06
Self-employed farm advisor 82 12.50 40 12.20 42 12.80
Other 65 9.91 32 9.76 33 10.06
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Results

Exploratory factor analysis

First the appropriateness for factor analysis of the first subset was evaluated using the
Kaiser–Meyer–Olkin test for sampling adequacy and the Bartlett’s Test of Sphericity.
The results of the KMO and Bartlett’s test of sphericity were adequate (0.909) and signifi-
cant (x2 = 3029.35, df = 210, p < .001), respectively, meaning that the data were deemed
appropriate for factor analysis. Next, the number of factors was determined. Theoretical
considerations indicated a three-factor solution. This was confirmed by the scree
plot (Figure 1), as it contained three factors before the first point of inflexion, and the
Hull method, as the higher boundary of the convex hull of the plotted data indicated
three factors to retain (Goretzko, Pham, and Bühner 2021).

The total variance explained by the model was 45.74% (Factor 1: 19.90%, Factor 2:
11.85%, Factor 3: 14.00%).

Consequently, a three-factor EFA was conducted using a Maximum Likelihood
extraction method with oblique rotation (Promax). The Promax rotation was chosen
because it allows factors to be correlated. This makes sense from a theoretical point of
view, as each factor should refer to a type of innovation model. Another reason for choos-
ing the Promax rotation is its suitability for large data sets due to its fast processing time
(Field 2017). The EFA was performed in R (version 2022.02.2), using the psych package
(Revelle 2016). Based on the rotated factor matrix, six of 21 items were excluded due to
factor loadings less than 0.40 or between factor cross-loadings smaller than 0.2. The
factor loadings can be found in Table 2 and the list of items is provided in Annex 1.3

Factor interpretation

A content analysis revealed that the remaining items were structured in line with the con-
ceptual framework of Schot and Steinmueller (2018).

Factor 1 (items I1, I8, I9, I13) is composed of items belonging to the linear innovation
model and is labelled as such. This factor accounted for 11.85% of the variance. The items
refer to the two main characteristics of the linear innovation model. The first is a focus on
scientific and technological knowledge production. The second is a linear, top-down

Table 2. Results of the exploratory factor analysis.
Item code Factor 1 Factor 2 Factor 3

I1 0.57 0.17 −0.07
I8 0.51 0.15 0.03
I9 0.69 −0.07 0.04
I13 0.87 0.29 −0.31
I7 0.12 0.64 0.04
I11 0.14 0.55 0.05
I15 0.14 0.55 0.04
I14 0.17 0.72 −0.12
I5 −0.06 0.81 0.09
I12 0.08 0.65 0.11
I4 −0.11 0.14 0.71
I10 0.01 −0.07 0.60
I6 0.08 0.08 0.54
I2 −0.10 0.16 0.41
I3 −0.25 0.27 0.64
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system of knowledge creation and transfer, where research institutions are responsible
for knowledge creation and the advisor then transfers that knowledge.

Factor 2 (items I5, I7, I11, I12, I14, I15)was labelled ‘innovation systems’ as it comprised
six items that were all based on the innovation systems model as described by Schot and
Steinmueller (2018). This explained 19.90% of the variance. Overall, the factor focusses
on interactive innovation as defined by the European Commission, as the items all refer
to situations in which multiple stakeholders collaborate to produce knowledge (European
Commission 2020). Three items focus on the interaction between different types of actors
in the context of knowledge creation as well as knowledge transfer. Two items focus on
communication and interaction in learning processes. One item stresses the importance
of creating knowledge in the context of application.

Factor 3 (items I2, I3, I4, I6, I10) was labelled ‘transformative change’ because it is com-
posed of items that refer to the innovation model underlying the transformative inno-
vation policy paradigm (Schot et al. 2018; Schot and Steinmueller 2018). Two items
prioritise social and environmental objectives over economic growth. Two items empha-
sise the need for a fundamental transformation of existing structures and systems. One
item stresses the need for innovation processes to be inclusive and experimental.

Confirmatory factor analysis

A CFA was carried out on the second subsample (n = 328) to confirm the structure ident-
ified with the EFA. The result of the three-factor model demonstrated adequate fit on
standard indices: (x2/df) = 1.90, CFI = 0.951, TLI = 0.936, SRMR = 0.045, and RMSEA
0.052 CI 90%, [0.040, 0.065]. Figure 2 presents the resulting model.

Figure 1. Scree plot.
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Internal consistency

To assess the internal consistency of the scale, Crohnbach’s alphas were calculated using
the entire sample (N = 656). The results were satisfactory for all three factors. Crohn-
bach’s alpha equalled 0.74 for the factor ‘linear innovation’, 0.85 for the factor ‘inno-
vation systems’ and 0.73 for the factor ‘transformative change’ .

Measurement invariance

Different levels of measurement invariance can be taken into account: (a) configural
invariance indicates whether the basic model structure is invariant across the groups,
(b) metric invariance refers to the fact that different groups interpret the items in a
similar way, (c) scalar invariance indicates whether differences in means of the observed
items are a consequence of the differences in means of the latent constructs (Kyndt and
Onghena 2014). To test for metric invariance, the configural model can be compared to a
model in which the factor loadings are constrained. Metric invariance is achieved when
constraining the factor loadings does not result in a significantly worse fit of the model
(i.e. when the difference between the CFIs of both models is smaller than 0.01) (Kyndt
and Onghena 2014).

The results as shown in Table 3 indicate that configural, metric and scalar invariance
were achieved, meaning that the instrument is invariant across participants who com-
pleted the survey in either Dutch or English.

Figure 2. Diagram of CFA with standardised factor loadings.

Table 3. Measurement invariance.
Cfi rmsea Δcfi Δrmsea

fit.configural 0.902 0.078 – –
fit.loadings 0.904 0.074 0.002 0.003
fit.intercepts 0.897 0.074 0.007 0.000
fit.means 0.883 0.078 0.014 0.004
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Discussion and conclusion

Addressing the Grand Challenges will require insights frommany perspectives due to the
complex and interconnected nature of the problems at hand (Mazzucato 2017). A
number of scholars deem the established policy paradigms (innovation for growth and
innovation systems) to be insufficient in light of the Grand Challenges (Schot and Stein-
mueller 2018; Weber and Rohracher 2012). In a global transition process, actors belong-
ing to different languages and cultures will have to cooperate. The success of these
collaborations rests on their ability to find common ground and mutual understanding
(Klerkx, van Mierlo, and Leeuwis 2012). Innovation intermediaries can facilitate such
collaborations by strengthening linkages and enhancing alignment of the multi-actor
network (Klerkx and Leeuwis 2008) through communication, translation and mediation
(Vilas-Boas, Klerkx, and Lie 2022). They are therefore viewed as essential catalysts for
transition policies (Bäumle, Hirschmann, and Feser 2022; Kivimaa et al. 2019a). In the
agricultural sector, advisors are considered good candidates to take up this role. The
crucial nature of that role underscores the importance of understanding how they
view innovation processes .

Before this study, only one instrument (Landini and Beramendi, 2019) was available to
gauge how advisors view innovation. However, this instrument did not assess the inno-
vation model of transformative change (Landini and Beramendi 2019; Landini, Bera-
mendi, and Rojas-Andrade 2021). This rendered it unfit for the European context with
its increasing focus on transformative innovation. In response, an instrument was
designed tomeasure the level of agreement with each of the innovationmodels underlying
the three prevailing innovation policy paradigms (i.e. innovation for growth, innovation
systems and transformative innovation) (see above). The factor ‘linear innovation’
refers to the model underlying the innovation for growth policy paradigm (Schot and
Steinmueller 2018). Within that model, which involves a top-down understanding of
knowledge generation and transfer, new knowledge is created by universities and research
institutes, with a focus on STEM subjects. The role of the advisor is to transfer this knowl-
edge to the practical context of the farmer. This is consistent with the categorisation of
Diercks, Larsen, and Steward (2019), who characterised the innovation for growth
policy paradigm as having a narrow understanding of the innovation process. The
factor ‘innovation systems’ is the model underlying the innovation systems policy para-
digm (Schot and Steinmueller 2018). Within this innovation systems model, knowledge
is co-created and transferred in the context of application by different types of actors.
Communication and interaction in learning processes are considered essential features
of an innovation process. In contrast to the first linear model, this model holds a
broader, more holistic view of the innovation process (Diercks, Larsen, and Steward
2019). Last, the factor ‘transformative change’ represents the model underlying the trans-
formative innovation policy paradigm (Schot and Steinmueller 2018). This model prior-
itises social and environmental objectives over economic growth and requires the
innovation process to be inclusive and experimental. Existing structures and systems
need to be fundamentally transformed to obtain a sustainable future. In contrast to the
first two factors, the transformative change model does not include a clear understanding
of the practicality of the innovation process. Diercks, Larsen, and Steward (2019) revealed
the conceptual diversity present within the transformative innovation paradigm,
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indicating that different understandings of the innovation process are possible within this
view on innovation. Nevertheless, these different articulations of the transformative inno-
vation paradigm all share a common policy agenda (Diercks, Larsen, and Steward 2019).

What follows is a discussion of the main contributions of this study, as well as some
limitations and recommendations for further research. The main contribution of this
article is the development and validation of an instrument to assess the view on inno-
vation of European agricultural advisors. To our knowledge, this instrument is unique;
it can be applied for research as well as for practical purposes.

From a research perspective, the instrument could be used to perform quantitative
comparisons of the view of advisors on innovation throughout different European
regions, countries, or AKIS. The survey has been translated into 11 languages, which
gives it great potential to survey a diverse set of agricultural advisors. Gathering data
from advisors across Europe regarding their view on innovation could help to reveal
where a paradigm shift has not yet occurred, which in turn informs policy choices.
Upon examination of initiatives funded by the Horizon 2020 and Horizon Europe pro-
grammes, it seems the advisor is currently expected to take on a facilitating role in multi-
actor projects. They are expected to connect different actors within the sector and create
an enabling environment in which knowledge can be co-produced. This view of interac-
tive innovation is in accordance with the innovation systems model. The survey could
show to what extent advisors have either embraced this role, prefer a linear form of
knowledge exchange, or see value in both visions on innovation. In addition, the
survey could indicate whether European advisors are likely to embrace the emergent
transformative change innovation model. As a mission-oriented perspective on AIS
gains increasing significance (Klerkx and Begemann 2020), it is crucial to engage all sta-
keholders who can potentially impact the food system transformation (Mazzucato 2017).
Advisors, who often share a trusted relationship with farmers, are in an ideal position to
facilitate the implementation of such transformative innovation policies. Recent research
in Argentina has shed light on advisors’ perspectives on innovation, yielding intriguing
findings that highlight key considerations for effective innovation policy implementation
(Landini 2015; Landini and Beramendi 2019; Landini, Beramendi, and Rojas-Andrade
2021; Turner et al. 2023). For instance, these studies reveal that advisors in the context
of Argentina may endorse multiple, sometimes conflicting, views on innovation, depend-
ing on the specific context they operate (Landini and Beramendi 2019). Furthermore,
researchers have identified two distinct mindsets regarding innovation support,
neither of which aligns perfectly with the goals of the country’s leading extension insti-
tution (Landini 2015). Lastly, it becomes evident that the objectives of advisors or advi-
sory organisations (i.e. the concrete goals they aim to achieve) are often influenced by the
type of funding they receive (Turner et al. 2023).

In the European context, it is already apparent that some central concepts in inno-
vation policy are not universally understood by all stakeholders (Fieldsend et al. 2021).
Therefore, it is reasonable to assume that there is also much to gain from research
that offers insights into advisors’ perspectives on innovation and innovation policy.
For instance, using this instrument could help determine whether the views held by advi-
sors or advisory organisations, who are the intended recipients of specific policy instru-
ments, align with the intended objectives of those instruments.
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From a practical perspective, the instrument could be used by advisory organisations
as a tool in the selection of new advisors. The instrument would allow the organisation to
find employees who share the values and vision of the organisation they would represent.
We want to emphasise that the tool should not be interpreted as a value judgment, as one
view on innovation is not inherently better or worse than another. As such the tool
should not be used in a normative manner, nor should it be used as the only criterion
in the selection of advisors. The instrument also has potential for use in different settings,
such as in other sectors. For this, the items of the instrument will have to be modified,
since they are now formulated from the point of view of an advisor.

This study also has limitations. The distribution of the survey was performed using a
snowball sampling method starting with the i2connect project partners and extended
through their networks. This resulted in responses from 24 nationalities. Although use
of this network might imply bias from people sympathetic to the project and its vision,
we see this as a minor risk, as each partner has its own extensive network and the respon-
dents were not i2connect project partners, meaning that many of them had only limited or
no contact with the project. Moreover, this method of distribution made it impossible to
assess the response rate of the survey. Since participation was voluntary, our responses
might be biased towards people with strong opinions on the topic. However, this should
not affect our results, as this article aims to validate an instrument, which means the
score levels of the participants are not important. What matters is the consistency of
their responses. We conducted a level of measurement invariance analysis to verify if
there is a systematic difference in how people answer, and our results suggest otherwise.
Another weakness is related to the lower number of responses in languages other than
Dutch and English, which meant that measurement invariance could only be determined
for those two language groups. Future studies may establish measurement invariance in
other languages. Depending on the objective of the research, achieving metric or scalar
invariance is a precondition before using the instrument in languages other than
English or Dutch (Kyndt and Onghena 2014). The survey ‘vision of EU advisors
towards innovation’ is now ready for use in the European context (Annex 1), as it was
applied and validated only in Europe. To use the instrument in other continents it
should be translated both technically and culturally using the back-translation method.
Additionally, it should be validated in those continents. For guidance on this process,
the International Test Commission (Hambleton 1994) can provide valuable resources
and support. The survey’s internal consistency is satisfactory, as evidenced by the values
of Crohnbach’s alpha for each factor, particularly when measuring a complex construct
with a limited number of items. It is worth noting that Likert himself acknowledged
that increasing the number of items can improve reliability. Therefore, our initial sugges-
tion to enhance reliability would be to include more items that measure each construct.
However, we should also consider that including more items can lead to survey fatigue,
limiting the usability and uptake of the research in the future. The results of the present
study represent a foundation for further qualitative investigations, to gather additional
information about how European advisors understand innovation processes as well as
their vision of the future. Furthermore, by linking the results of the survey with local
AKIS country reports4, developed in the i2connect project, possible links might be
explored between a certain understanding of the innovation process and local policy or
AKIS characteristics.
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Notes

1. https://www.tipconsortium.net/
2. https://i2connect-h2020.eu/
3. The items without item code are excluded from the instrument due to the results of factor

analysis.
4. https://i2connect-h2020.eu/resources/akis-country-reports/
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Anne 1. Items of the ‘vision of EU advisors towards innovation’ survey.

Item
code

Innovation
model Question

I1 LI To bring about innovation, the fields of science, technology, engineering and math are
essential.

LI It is the role of the private sector to transform scientific discoveries into innovations which
will support sustained long-term economic growth.

I2 TC To address social challenges, existing structures and arrangements need to be changed.
IS Striving for inter-institutional cooperation and coordination is fundamental to advisory

work.
I3 TC To be effective, innovation processes should be inclusive, experimental and aimed at

changing the direction of socio-technical systems in all its dimensions.
TC Innovation processes should be proactive and anticipate alternative futures, associated

with certain technological choices.
I4 TC Solving social and environmental problems should lie at the base of an innovation process.

TC An acceptable pathway for change needs to be discovered and pursued through the
accumulation of experience by a variety of actors with different motivations and
priorities.

LI Innovation involves the commercialisation of scientific discovery.
I5 IS Coordination and communication between different actors form a central component of

an innovation processes.
I6 TC The focus of an innovation process should be to address environmental and social

challenges, which can lead to economic growth as a bonus.
I7 IS User-producer relations are a key source of information in an innovation process.
I8 LI Conveying results stemming from scientific and technological research is the advisor’s

main task.
I9 LI The knowledge provided by universities and research institutes offers the best answers to

the sustainability challenges, which the agricultural sector faces.
LI The purpose of innovation is to create a radical novelty.

I10 TC A sustainable future can be achieved by fundamentally transforming the architecture of
the agricultural system.

I11 IS To reach their objectives, advisors have to work in conjunction with the actors and
institutions situated in their territory.

I12 IS To be effective, innovation processes should focus on learning, interaction and dialogue.
I13 LI Research and scientific advancements are a central component of an innovation process.
I14 IS The most important innovations arise from the joint experience of different actors

(farmers, advisors, researchers, etc.).
I15 IS To be effective, knowledge should be produced in the context of application.

Innovation models: LI (Linear innovation model), IS (Innovation Systems model), TC (transformative Change Model). Items
without item code are excluded from the instrument due to the results of factor analysis.
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