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ABSTRACT

This study systematically explores, analyses, reports on and synthesises research on the topic of sectoral innovation
systems related to agriculture and agri-food in OECD countries. It is based on systematic mapping of the literature
(academic papers published in scientific journals) in the period 1997-2017. The aim is to show the state of current
knowledge on sectoral innovation systems in agri-food, in order to identify knowledge gaps and future areas for
research and provide methodological and theoretical perspectives. Abstracts for a total of 320 papers were
analysed, using a qualitative approach. Key elements of agricultural innovation systems identified were organised
into 8 main themes/topics: agents, basic technologies, knowledge and learning processes, mechanisms of
interaction, institutions, end-users, system transition and contextual variables. Areas identified as requiring
research included making the sector more consumer- and market-oriented, increasing interactions outside
conventional system boundaries, including the consumer perspective and societal changes, and determining the
role of gender in innovation in agri-food systems.

Keywords: Agri-Food; Agriculture; Innovation systems; Agricultural knowledge and innovation system (AKIS);
Systematic mapping
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1 Introduction

The agricultural knowledge and innovation system (AKIS) currently manages knowledge dissemination
from universities and research institutions in a linear fashion, through different forms of advisory services
for end-users in agriculture and agri-food (e.g. farmers or the food industry). Innovation and innovation
management are widely studied topics, but few such studies have specifically targeted the case of
agriculture and agri-food (Baregheh et al., 2012; Caiazza, 2015). In addition, there are challenges in
transferring results from research into practice and in channelling practitioner demand for knowledge into
research and advisory agendas (Dockeés et al., 2011; EU SCAR, 2012). The existing knowledge and
innovation system in the food sector is now changing and is also under pressure from critical food system
challenges such as issues of food security, climate change, biodiversity losses and a need for increased
circularity (see e.g. Garnett, 2011; Ingram, 2011; Sabaté et al., 2015; Vittersg and Tangeland, 2015;
Jurgilevich et al., 2016; Govindan, 2018; Willett et al., 2019). This stresses the importance of innovation to
meet future challenges and of developing ways to facilitate innovation and strengthen knowledge
processes in the agri-food system.

The AKIS consists of the many actors involved in the agri-food system. Using the AKIS as a contextual
frame, it is possible to describe the roles of these actors and how change and transformation of the
system may occur. Dockes et al. (2011) identify the main categories of actors within AKIS as: 1)
information and knowledge system actors (including research institutions, advisors, schools, farmers’
unions), 2) socio-economic system actors (farmers, food processors, networks), 3) public decision-making
system actors (authorities at regional and local level), and 4) end-user actors (consumers, NGOs). Some
other actors may also operate between research and practice dealing with innovation, acting as
innovation brokers (Batterink et al., 2010) or change agents (Rogers, 2003). However, the AKIS is not an
isolated entity and, like most systems, interacts with the external environment, see e.g. Ison (2010) on
systems practice and Ingram (2011) on the special case of food systems. Tentatively, external effects may
derive from the ecological (e.g. biological and geological effects, climate change), social (e.g. societal
changes, culture) or economic (e.g. financial markets, demand, policy, market structure) environments.

In agricultural productivity research, the AKIS has difficulties in transferring appropriate new knowledge
to the agricultural sector. Problems include actors in the research environment influencing research and
development issues in a way that does not reflect farmers’ innovation needs or address users’ needs
(Klerkx and Leeuwis, 2008; Martin et al., 2011), gaps and knowledge differences between researchers and
practitioners (McCown, 2001; Thompson and Reeve, 2011) and sub-optimal institutional and policy
arrangements (Hunt et al., 2014; Ciliberti et al., 2015; Klerkx et al., 2017). Agricultural research thus
appears to target the wrong research issues and there is a low degree of innovation and low
competitiveness in the agricultural sector (Dockeés et al., 2011; European Commission, 2016a). There are
also long lags from research to economic impact (see e.g. Renborg, 2010; Sun et al., 2016). This implies
that conventional knowledge chains may be ineffective and that other forms of dynamic knowledge
transition and translation are needed to enhance the rate and speed of innovations within the agri-food
sector.

The Organisation for Economic Co-operation and Development (OECD) conducts national reviews on AKIS
in OECD countries and uses the results as a basis for policy recommendations. For example, it has
reported on innovation, agricultural productivity and sustainability in the Netherlands (OECD, 2015a),
Australia (OECD, 2015b), United States (OECD, 2016) and Sweden (OECD, 2018). While the OECD evaluates
national systems and makes policy recommendations, national governments decide upon and implement
policies. In a European perspective, the European Union (EU) has worked on AKIS through the Standing
Committee on Agricultural Research (SCAR-AKIS), which concluded that the old linear model of technology
transfer from scientists to users should be replaced by a more interactive model of systems integrating
knowledge production, adaptation, advice and education (European Commission, 2016b). The agricultural
innovation partnership programme (European Commission, 2012) is a response to this. The “EU
Framework Programme for Research and Innovation Horizon 2020, research agenda for agriculture” seeks
to encourage cooperation across basic and applied research disciplines, researchers, practitioners,
businesses and other stakeholders, to overcome the long time lag from research to practice (European
Commission, 2014). The framework “FOOD 2030: Research & Innovation for Tomorrow's Nutrition & Food
System” also recognises the lack of a food system approach in food and nutritional security research and
lack of innovation policy coherence and coordination (European Commission, 2016a).

With the OECD, EU and national bodies proposing and implementing policies affecting AKIS, research on
the prerequisites for establishing a successful and effective system is needed. This calls for knowledge on
how the sectoral innovation system can be better integrated and how its constituent elements can best

403



Sara Spendrup and Fredrik Fernqvist / Int. J. Food System Dynamics 10 (5), 2019, 402-427

facilitate knowledge exchange, transfer and translation within the agri-food sector in order to meet
present and future challenges. The gaps in the current AKIS can be tentatively attributed to lack of
knowledge within firms on how to implement innovation processes, how new information can be
communicated and translated from research to practice, and how responsibilities and risk taking are
distributed within the system. This raises questions about the roles other intermediaries and actors
should take and, not least, about the future structure of the AKIS.

The aim of this study was to systematically explore, analyse, report on and synthesise research on the
topic of sectoral innovation systems related to agriculture and agri-food. Specific objectives were to
determine variables important for supporting innovation in the sector and thus increasing its
competitiveness; to identify knowledge gaps in research; and to assess the implications for research policy
and practice and suggest areas for development and improvement. Relevant literature was identified
through systematic mapping in combination with exploratory analysis.

2 Theoretical background

The AKIS is a sectoral system of innovation, which is defined by Malerba (2002:250-251) as “a set of new
and established products for specific uses and the set agents carrying out market and non-market
interactions for the creation, production and sale of those products. A sectoral system has a knowledge
base, technologies, inputs and an existing, emergent and potential demand”. The basic elements of a
sectoral system in Malerba’s conceptualisation are products, agents, knowledge and learning processes,
basic technologies (inputs, demand and related links and complementarities), mechanisms of interactions
(both within firms and outside firms), processes of competition and selection, and institutions. Within the
related analytical and methodological discussion, Carlsson et al. (2002) review various concepts of
innovation systems, e.g. national innovation systems (NIS), regional innovation systems (RIS) and sectoral
or technological innovation systems, and define a system as consisting of: 1) components (i.e. operating
parts such as actors, organisations, artefacts and institutions), and 2) relationships (links between the
components). Carlsson et al. (2002:235) argue that the function of an innovation system is “to generate,
diffuse and utilize technology”, with the implication that “the main features of the system are the
capabilities (together representing economic competence) of the actors to generate, diffuse and utilize
technologies (physical artefacts as well as technical know-how) that have economic value”.

According to Geels (2004), the systems of innovation (sectoral system) approach has a strong focus on
development of knowledge, but pays less attention to diffusion and use of technology, impacts and
societal transformations. Geels (2004) discusses the dynamics of socio-technical systems as sectoral
systems of innovation in transition and co-evolution of technology and society. He concludes that the
approaches adopted by Carlsson et al. (2002) and Malerba (2002) share an emphasis on interlinkages
between elements, with innovation as a co-evolutionary process, and states that the user environment
(i.e. the demand side) should be included in the definition of innovation system. Geels (2004) also points
out that the linkages between basic elements suggested by Malerba (2002) need to be better understood,
that institutions need to be considered more thoroughly and that issues of system change need to be
addressed.

In the dynamic framework of Geels (2004), economic activities and processes are interrelated with
transforming sociological structures, where attention in long-term analysis should be paid to social
learning and institutional change. Carlsson et al. (2002) suggest that the dynamic properties of the system
(robustness, flexibility, ability to generate change and respond to changes in the environment) are among
its most important attributes. Geels (2004) claims that a systems of innovation approach need to explicitly
incorporate the user side in the analysis, widening the unit of analysis from sectoral systems of innovation
(focused on the production side) to socio-technical systems, including co-evolution of technology and
society and emphasis on the role of institutions. Geels (2004) proposes three interrelated analytical
dimensions: 1) Socio-technical systems; 2) rules and institutions that guide actors’ perceptions and
activities; and 3) human actors, organisations and social groups (end-users). In a later contribution in the
context of sustainable production and consumption research, Geels et al. (2015) propose a new re-
configurational position focusing on transitions in socio-technical systems towards new systems. It follows
that system analysis has to consider the constant transition and evolution of a system, and that there may
be different future development directions or trajectories of the system.
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3 Analytical framework

The analytical framework used in the present study for mapping the literature was based on components
derived from the theoretical frameworks of Carlsson et al. (2002), Malerba (2002), Geels (2004) and Geels
et al. (2015). These yielded seven of the main elements included in the framework (Table 1): 1) Agents in
the system (firms and non-firm organisations) (Malerba, 2002; Carlsson et al., 2002); 2) basic
technologies, input, demands (for knowledge) and related complementarities (Malerba, 2002); 3)
knowledge and learning processes (Malerba, 2002; Carlsson, 2002) and diffusion of knowledge and
technology (Carlsson, 2002; Geels, 2004); 4) mechanisms of interaction (Malerba, 2002; Carlsson, 2002);
5) institutions (Malerba, 2002; Geels, 2004); 6) end-users (consumers and related groups) (Carlsson et al.,
2002; Geels, 2004); and 7) system transition and innovation trajectories (Geels, 2015). The framework
also included 8) contextual variables, to cover interactions with society and external influences (Ison,
2010; Ingram, 2011). In addition; 9) other system typologies; and 10) other elements, were added.

As the systematic mapping was limited to the agriculture, food and agri-food sector, the basic element of
“products” in sectoral systems of innovation according to Malerba (2002) comprised products from the
whole food value chain from primary production at farm level to processing, distribution and marketing of
food. This ‘products’ variable was used as one of the inclusion criteria in systematic mapping (see Material
and Methods section). The “basic technologies” element in Malerba (2002) was not mapped, as these
technologies can be considered an integral part of the agri-food system and were outside the scope of the
study.

Table 1.
Analytical framework used in mapping the literature, showing the 10 basic elements/themes used for categorisation.
(AKIS = agricultural knowledge and innovation system, RIS = regional innovation system)

Basic element/theme used for Note
categorisation

1) Agents (firms, non-firms,
individuals, universities)

The agents were actors in the AKIS. Types of actors were mapped, as were their
roles, characteristics and behaviours.

2) Basic technologies, inputs, demand The point of departure was that the AKIS covers certain technologies and inputs

(for knowledge), and related links
and complementarities

3) Knowledge and learning
processes, diffusion and use of
knowledge and technology

4) Mechanisms of interaction

5) Institutions

6) End-users
(consumers and related groups)

7) System transition and
innovation trajectories

8) Contextual variables

9) System typology/studied system
10) Other

and that users in the AKIS have a demand for knowledge and technologies. Basic
technologies (and products) were not mapped here.

This category includes factors affecting knowledge building and elements of
capabilities (selective/strategic capability, organisational/ coordination ability,
functional ability and learning/adaptive ability) and processes of knowledge and
technology diffusion in the AKIS.

The focus in mapping was not primarily the mechanisms of interaction within
firms, but the interactions between firms and other actors in the system, and
interactions between actors in the system that do not necessarily include a
producing firm. Networks, governance of networks and processes of co-innovation
were included.

Institutions include standards, regulations, labour markets etc., and conventions,
norms and culture. The role and effects of policies and (governmental) agencies
were also included.

End-users comprise both demand and interactions with customers and consumers,
but market conditions (as a contextual variable) were also included.

This category includes transition at different system levels or contexts (e.g. food
system transition, societal transition, sustainability transition), co-evolution,
regime changes, niche development, trajectories or path dependency.

The role of different contextual variables (e.g. biology, sustainability, production
system, spatiality).

RIS, cluster, etc.

Aspects not covered by the other categories.
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4 Materials and methods

The primary objective of the analysis was to identify variables on systems level that affect knowledge
building, learning, innovation development or/and improvements in innovation capabilities in the agri-
food sector. The analysis was based on mapping of relevant literature (academic papers in scientific
journals) published in the period 1997-2017. Following systematic mapping, the papers were analysed on
abstract level by extracting the key elements studied. A qualitative approach was used and the 10
different themes/topics in the analytical framework were quantified based on the number of papers in
which they were included.

Systematic mapping, which sets out to describe the state of knowledge on a question or topic, was
performed using an established procedure for systematic reviews (e.g. Higgins and Green, 2011; Shea et
al., 2009). However, the question in a mapping study may be more open and broader than that covered in
a systematic review, and there are fewer limitations on the types of articles that can be included. The
mapping method can be used to obtain evidence on e.g. policy-relevant questions, to fill knowledge gaps
or for knowledge cluster and evidence synthesis. The data are usually catalogued in a database (see e.g.
Haddaway et al., 2016; James et al., 2016). A stage-wise procedure for systematic mapping proposed by
James et al. (2016) was employed in this study (Table 2).

Table 2.
Stages in the mapping process following James et al. (2016) and measures taken

Stage Measure taken

1. Establishing the review team and Two researchers were involved in the mapping, working in parallel, while a third

engaging stakeholders team member was responsible for establishing a reference group from industry
and stakeholders. A team at the university library was involved in developing a
search strategy.

2. Setting the scope and question The scope and questions were set based on the background provided in the
introduction. The scope was broadly a combination of agriculture/agri-food and

innovation, in a time period of 20 years (1997-2017).
3. Setting inclusion criteria for studies A set of inclusion criteria was established (see Table 3).

Different sets of search variables and databases were tested. The first 200 items in
this stage were checked, based on title and abstract, by two researchers working
independently and then ‘calibrated’. The search variables were adjusted to avoid
excluding items relevant to the question.

4. Scoping stage

5. Protocol development and
publication

The list of inclusion criteria was extended and, concurrently, exclusion criteria
were set. A protocol was developed after the first screening processes. The
protocol has not been published, but follows the final database in Supplementary
Material.

6. Searching for evidence Using three databases (Web of Science, Scopus, CABI), initial items were collected

(n=41,551).

The collected items were screened step-wise: 1) Duplicates and incomplete
references were removed, 2) non-relevant items based on title were excluded, as
were studies from non-OECD countries, 3) records were excluded based on
abstract and 4) further scrutiny of abstracts in the analysis phase revealed that
some other papers were outside the scope.

7. Screening evidence

8. Coding Abstracts were read through in detail after the third screening step. Following the
protocol (an Excel sheet that constitutes the final database), key elements of
studies were recorded, along with a list of pre-set variables (country of study,
method, type of data, product, theory, number and size of firms studied) if

applicable and mentioned in the abstract.

9. Production of a systematic map
database

10. Critical appraisal (optional)

11. Describing and visualising the
findings

12. Reporting production and
supporting information

The results from the coding phase were recorded in the Excel sheet constituting
the final database.

Dubious studies and incomplete abstracts were removed in the screening phases,
and other items were removed if deemed to meet any of the exclusion criteria.

The data entered in the Excel sheet were analysed and, if possible, quantified.
Using qualitative methodology, themes were categorised.

This paper reports the findings from the study. Open Supplementary Material in
form of the Excel data sheet and a ‘meta-table’ with all key-words categorised and
unique identification numbers for each item (reference) is provided.
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Procedure used for search, screening and selection

Two researchers worked in parallel on the mapping and received support from library staff at the Swedish
University of Agricultural Sciences in selecting the search strategy and procedure. One team member
coordinated a reference group representing industry, authorities and stakeholders in the AKIS. This
reference group provided input on current issues in innovation in the industry and discussed and
commented on the preliminary results in a workshop, as a way to broaden the conclusions and the
impacts for policy.

Pre-testing of search strings led to a decision to apply a broad approach in the initial search, to reduce the
risk of excluding relevant papers. Non-relevant papers were then removed later in the screening process,
based on titles and abstracts.

The final search was made on August 1, 2018. The search strings used for each database (Web of Science
Core Collection, Scopus, CABI) are shown in Appendix 1. The search period (second half of 2018) was
selected to allow database indexing, which may lag behind the previous publication year. The initial
number of papers yielded by the database searches amounted to 41,551 ( Figure 1).

During the screening steps (Table 2), a set of inclusion and exclusion criteria was applied (Table 3).
Besides limiting the mapping to a 20-year period (1997-2017), it was decided to limit the final mapping to
studies in OECD countries, where economic conditions are more similar. As the study was funded by the
Swedish government to provide data support for national research agenda and policy development and as
the OECD conducted an evaluation of the Swedish AKIS during the same period (OECD, 2018), the latter
criterion (no. 12 in Table 3) was deemed appropriate.

Table 3.
Inclusion and exclusion criteria used in screening. AKIS = agricultural knowledge and innovation system

Inclusion criteria

1. The paper concerns aspects of sectoral innovation systems in agriculture and agri-food.

2. The paper concerns knowledge transfer to agricultural firms, knowledge exchange and learning.

3. The paper concerns external functions supporting innovation processes in agri-food firms.

4. The paper concerns the functions of organisations and governance of/within the AKIS.

5. The paper concerns interactions between firms, actors in the sector, society and technology in the domain of innovation.
6. The paper concerns interactions with external environmental factors (e.g. market, policy, biological effects) on the
sectoral system.

7. The paper concerns knowledge building, and learning in agri-food or transfer of knowledge.

8. The paper concerns successful or failed cases of innovation and the reasons behind the outcomes in the context of the
role of AKIS.

9. The paper concerns policies facilitating and promoting innovation in agri-food and its effects on the sectoral system.

10. The paper describes competition and innovation on sectoral level.

11. The paper identifies a need for help from the AKIS to promote knowledge building and innovation in agri-food, based on
firms’ expressed needs.

12. The country in which the study was performed is an OECD member.

13. The paper is published in a scientific journal.

14. The paper is based on empirical data (primary or secondary).

15. The paper was published between 1997 and 2017.

Exclusion criteria

1. The language is not English.

2. The paper presents chemical, technical or biological details, not on firm or system level.

3. The paper describes development of innovative/novel products/processes/methods not tested in firms, not based on
original empirical material.

4, The paper provides a description of novel probiotics/health products/technological solutions/inventions.

5. The paper concerns food sufficiency.

6. The paper describes farming practices.

7. The paper concerns wastewater/energy.

8. The paper presents historical descriptions with unclear supporting data.

9. The paper presents descriptions (cases) of “successful” research projects that do not provide original data.

10. The paper presents descriptions (cases) of “successful” regions/networks/policies/measures, without providing data.
11. The country in which the study was performed is not an OECD country.

12. The paper is a discussion or conceptual paper.

13. The paper is not published in a scientific journal (e.g. it is a book chapter, report, grey literature).

14. The paper is a review paper.

15. The paper focuses only on internal processes in the firm (innovation management) and not the AKIS.

16. The paper is a duplicate, has a missing/unclear/defective abstract, or describes a dubious study.
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The items retrieved from the databases were screened stepwise by two researchers in parallel, who
initially calibrated to each other by separately assessing the first 200 items. Papers for which the
interpretations by the two researchers differed were thoroughly discussed and the inclusion and exclusion
criteria were adjusted and refined to delimit uncertainties. Unclear cases were discussed by the
researchers during the process, if necessary. The step of validating rigor and relevance of the selected
papers (step 10 in Table 2) (Shea, et al., 2009; Ivarsson and Gorschek, 2011) was not performed in the
initial mapping, as it was not possible to evaluate quality in depth on the basis of the abstracts.

A flow diagram showing the process of selection and funnelling toward the final items used in the
mapping (n=320) is presented in Figure 1. All the items included were given a unique identification
number, as shown in the open supplementary material (Swedish National Data Service, Dataset SND 1116-
001, see further information in Appendix 2). The excel data file shows the list of items and items removed
in the latest stage of the screening process, together with a note on the reason for exclusion. Items only
pertaining to innovation at firm level, without special attention to sectoral systems or AKIS, were
excluded from the mapping in the screening process and not given an identification number.

Database search

WoS Core Collection (n=9,106)
Scopus (n=11,943)
CABI (n=20,502)

Retrieved items (n=41,551)

Incomplete references
(n=331)

v

Duplicates removed
(n=12,242)

v

\ 4

Preliminary screening by title
(n=28,996)

Non-relevant
records exluded
(n=23,047)*

A\ 4

Records excluded*
Non OECD-countries
v (n=3,525)

A 4

Evaluation on title and
abstract (first categorisation)
(n=2,424 )

Records excluded (n=1,560) **

Not in rangefirrelevant n=(725)
Discussion/conceptual papers, n=(476)
Book chapters and papers without
abstracts (n=120)

Non OECD-countries (n=198)

Reviews (n=56)

A 4

v

Second evaluation
of abstracts (n=864)

Records excluded, n=544

Not in rangef/irrelevant, inadequate
j————— | abstract or duplicates (n=138)
Papers only pertaining firm level and
not AKIS (n=406)

A 4

Papers included in
mapping (final coding)
Sectoral level (AKIS)
(n=320)

*See exclusion criteria.

** A few papers have been
categorised in more than one
exclusion category

Figure 1. Flow diagram of screening and selection of final items in the mapping.
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Coding/analysis

In the final step, the items selected for the mapping were entered into an Excel sheet that constituted the
final database and analysed following a protocol. Based on availability of information in the abstracts, the
following characteristics were noted: Period of study; country or countries of study; data type (qualitative,
guantitative, mixed); data source (qualitative or quantitative); firm size; number of firms in the study;
food product/category (e.g. agriculture, organic food, vegetables, wheat, dairy; food industry); research
method (e.g. case study, econometric, survey); key elements and outcomes studied; theory/framework
applied; and additional notes (not always applied). Papers meeting any of the exclusion criteria at this
stage were removed and denoted “records excluded”, as shown in the flow diagram (Figure 1). These
items are still present in the database (Supplemental material), but separated from the other items, with
a note on the reason for exclusion. It is worth reiterating that the selection was based on analysis of
abstracts, and not full papers.

In the final stage, key elements in the items included were recorded, based on the abstracts. The key
elements, subject or main findings were then summarised in a qualitative interpretation based on the
abstracts.

The key elements were thematised and categorised following the thematic analysis method (Boyatzis,
1998; Knight et al., 2007), using the steps described by Seidel and Kelle (1995). These included noting
relevant features, collecting examples of these and analysing them, in order to find commonalities,
differences, patterns and structures. This process was performed manually, using an ordinary word
processor and the recorded key elements from the Excel sheet. The elements were sorted following the
theoretical framing (Table 1), and by adding sub-headings for more specific key elements.

The final synthesis in the mapping procedure included a variety of studies (qualitative/quantitative and
based on different methodologies, theoretical approaches), but treated based on the key elements
studied, and not on the way in which these were studied. The categorisation of key words/main elements,
together with the unique identification number (provided in the open supplementary material, Swedish
National Data Service, Dataset SND 1116-002, see further information in Appendix 2), made it possible to
find the corresponding reference in the Excel data sheet.

5 Results

Following the systematic process of searching, scanning and finally deciding upon the studies to be
included in the mapping following the inclusion criteria, 320 items were deemed eligible for inclusion.

5.1 Descriptive data of the studies

The number of published studies on the topic showed a gradual yearly increase, from a few papers per
year in the beginning of 2000 to over 40 per year in the last years of the study period (Figure 2). This
follows a similar increase in academic publication in general (Bornmann and Mutz, 2015).

Publications per year

50
45
40
35
30
25
20
15
10

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Figure 2. Change in the number of published papers on the agricultural knowledge and innovation system (AKIS) and
sectoral systems related to innovation in agriculture.
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The mapped studies were published in 165 different outlets, with an average of 1.9 studies per journal.
The top journals for publication, representing one-third of the mapped studies on the topic, were: Journal
of Agricultural Education and Extension (23), Journal on Chain and Network Science (13), International
Journal on Food System Dynamics (11), Agricultural Systems (9), British Food Journal (8), Food Policy (8),
Studies in Agricultural Economics (8), Journal of Rural Studies (7), Outlook on Agriculture (7), Land Use
Policy (6) and Research Policy (6).

Based on the abstracts, 212 of the studies used primary data, 24 used secondary data and five used mixed
data, while the character of the data in the remaining studies could not be determined. Among those
specifying methodology, case study methodology was the most commonly used method (n=58), followed
by interviews (n=51), surveys (n=39), econometric or sociometric analyses (n=37), participatory
approaches and action research (n=16), workshops (n=8), observations (n=7) and focus groups (n=7).
Some studies used mixed methods (n=27). The case studies included most probably used several different
types of data. It is worth mentioning that, based on abstracts, it was not always possible to determine
whether surveys were of a quantitative or qualitative character, or the data material on which “case
studies” were built. Similarly, survey studies may include econometric or sociometric analyses. The
majority of studies were performed for a single country, with the Netherlands, Italy, Mexico, USA and UK
being most frequently represented (Table 4). Fifty of the studies covered multiple countries, mostly two
or three countries.

Table 4.

Countries of studies*
Country
The Netherlands (25) (+9) Belgium (6) (+4)
Italy (22) (+9) Canada (5) (+2)
Mexico (20) Greece (3) (+3)
USA (17) (+1) Switzerland (0) (+6)
UK (14) (+8) Norway (2) (+3)
Australia (13) (+2) Chile (3) (+1)
France (12) (+7) Poland (-) (+4)
Spain (12) (+2) Japan (3) (-)
Germany (11) (+5) Finland (3) (-)
Sweden (10) (+4) Other studies with multiple countries
New Zealand (8) (+2) (not specified) (50)
Denmark (7) (+2) n/a (67) (+8)

*The figure in the first set of brackets is the number of studies in which the country in question was the only country
studied. The figure in the second set of brackets is the number of studies in which the country in question was studied as
one of several countries. For example, there were 25 studies on the Netherlands alone, and an additional 9 studies on the
Netherlands together with one or more countries (total n=34).

5.2 Content analysis/categorisation of key elements based on abstracts

The theoretical framing was adhered to when categorising the studies based on their abstracts. Table 5
provides an overview of the 320 mapped studies following the original components with added
subcategories identified throughout the process. The category ‘Other’ (n=7) was added to include key
words not covered by the other nine categories in the analytical framework. Each category is presented
and discussed below and some examples are given of mapped items included in the category. Detailed
results are not presented, as this was a mapping exercise and not a review.

The meta-table on key elements categorised (Swedish National Data Service, Dataset SND 1116-002, see
Appendix 2) shows the specific coding for each item grouped into categories and subcategories, together
with a unique identification number for each item. In the Excel file (Swedish National Data Service,
Dataset SND 1116-001, see Appendix 2), each item is presented with the identification number, followed
by full reference data, abstract, coding and eventual notes.
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Table 5.
Categorisation of the mapped literature (n=320) based on the 10 main elements of innovation systems.
(AKIS = agricultural knowledge and innovation system)

Key element/category Number of
studies
1. Agents
Agri-food firms 101
Extension and advisory services 42
Universities and research institutes 17
Farmers’ organisations 9
Educational organisations (other than university) 7
Innovation brokers and change agents 6
Market-related actors 1
Other stakeholders and intermediaries 19
2. Basic technologies, inputs, demands (for knowledge) and related links and
complementarities
Needs/demands (for knowledge and innovation support) 16

3. Knowledge and learning processes, diffusion and use of knowledge and
technology

Methods for knowledge transfer, education and training 49
Adoption (diffusion) of innovations 45
Learning 20
The role of the AKIS (generally for knowledge, learning and innovation processes) 20
Extension processes 17
Knowledge sources 10
Knowledge sharing and exchange 9

4. Mechanisms of interaction
Networks 98
Specified networks/aim of network 9
Regional and local networks 8
Innovation networks 3
3
2

Social networks
LINSA (Learning and Innovation Networks for Sustainable Agriculture)

Governance of innovation and knowledge systems/networks 44
Governance and implementation 31
Governance of networks etc. 9
Organisation of innovation and knowledge systems 9
Strategies and visions 6
Risk management 2

Co-innovation and cooperation for innovation 31

Social aspects of AKIS/sector/network (social capital, trust, other) 19

Relationships 17

Value chain/supply chain relations 16

Interactions/cooperation between actors in AKIS/sector/network 15

System/network capabilities and capacity 15

Communication 8

Engagement 6

5. Institutions

Policy (and public financing of AKIS) 32

Norms, conventions and culture 13

The role of institutions 7

6. End-users (consumers and related groups)

Market conditions 6
7. System transition and innovation trajectories

Transition and innovation/development trajectories 19
Socio-technical regimes/systems 18
Socio-technical niches 7
Path dependency 3
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Table 5 (continued).
Categorisation of the mapped literature (n=320) based on the 10 main elements of innovation systems.
(AKIS = agricultural knowledge and innovation system

Key element/category Number of
studies

8. Contextual variables

Sustainability in agri-food and agricultural production systems 47
Regional characteristics/regional context 11
Production system (agricultural production) and natural resources context 10
Spatiality, proximity 3
Sectoral context 2

9. Other system typologies used

Innovation system 23
Socio-technical system 18
RIS (Regional Innovation System) 11
Cluster 8
Agricultural/food system 9
10. Other

Performance of research/impact of research 7

521 Agents

Based on the abstracts, specified agents at the innovation system level were identified. It should be noted
that far from all studies specified “agent/s” in the abstract. The most common agents were found to be
agri-food firms (firms related to agri-food or agriculture) (n=101), followed by extension and advisory
services (n=42), universities and research institutes (n=17), and other stakeholders and intermediaries
(n=19). The firm category was identified as the studies included therein primarily pertained to innovation
at firm level and the relations between firms and the surrounding sectoral system. Given that the scope of
the studies included in the mapping was related to innovation systems at sectoral level, it is most
probable that if the full text were scrutinised, it would provide a more nuanced picture of agents in the
systems. However, the numbers presented give an indication of what can be expected from the literature.
The results indicate that the role of extension and advisory services and that of universities and research
institutes in the AKIS is rather well studied, whereas the role of market-related actors is not (although
there are some studies on the theme of supply or value chain relations within the category ‘Mechanisms
of interaction’ (category 4).

5.2.2  Basic technologies, inputs, demands (for knowledge) and related links and complementarities

It was assumed that the sector has a technology and knowledge base. The mapping was not aimed at
screening the literature on what basic technologies agriculture and agri-food encompasses. Inputs of new
technologies and knowledge are covered in other categories in the mapping, particularly category 3
(‘Knowledge and learning processes, diffusion and use of knowledge and technology’), which also includes
different sources of knowledge. Only studies that pertained to needs and demands (for knowledge and
innovation support) were included (n=16). This category covers many different aspects, such as general
innovation demand (Cannarella and Piccioni, 2003), future skills and training needs (Jack et al., 2014;
Sandrini et al., 2014) and demand for scientific and technical knowledge among firms in the sector (Pol
and Visscher, 2010; Tveden-Nyborg et al., 2012; Gallego-Bono and Chaves-Avila, 2015).

5.2.3  Knowledge and learning processes, diffusion and use of knowledge and technology

This category regards the multi-faceted aspects of knowledge and learning processes and knowledge and
technology diffusion. A large number of studies examined methods for knowledge transfer, education and
training (n=49). These studies focus on different actors in the AKIS and the transfer of knowledge and
technology, often through extension and advisory services, but also through education and other actors
involved in supporting firms in agri-food with knowledge. The different methods studied include teaching,
e.g. in vocational schools, colleges and universities (Reichardt and Jurgens, 2009) or ‘farm schools’
(Orozco Cirilo et al., 2008), participatory activities by different stakeholders (Gonzalez-Ramirez et al.,
2005; Le Bellec et al., 2012), farm demonstrations and champion farmers (Risgaard et al., 2007;
Takoutsing et al., 2014), good practice models (Morgan et al., 2003) and communities of practice and
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exchange of experience (Hinton, 2003; Risgaard et al., 2007). There are also more diffuse descriptions in
the abstracts, such as ““transmission of new ideas” (Oumarou et al., 2015) and “distribution of research,
education and advisory services” (Lapple et al., 2016).

The second largest subcategory covers studies that in particular use the theory of adoption and diffusion
of innovations (n=45), following the outline of Rogers (2003). A characteristic of many of these studies is
that they concern adoption of novel production systems, for example organic farming (Parra-Lopez et al.,
2007; Risgaard et al., 2007), novel production technologies (Hoes et al., 2012; Prager and Creaney, 2017)
or precision farming (Reichardt and Jurgens, 2009; Reichardt et al., 2009). It should be mentioned that
there is a relationship between knowledge and learning processes and diffusion and use of knowledge and
technology, which makes it difficult to separate them into different categories. However, it appears that
the issue of diffusion and adoption of new technology is well studied.

Closely related to methods of knowledge transfer was the subcategory ‘The role of the AKIS in knowledge
transfer’ (n=20). This includes other forms of innovation systems, such as national or regional innovation
systems, but with more focus on the issues of developing knowledge (Tisenkopfs et al., 2015; Geerling -Eiff
et al., 2017) and innovation support (Morriss et al., 2006; Klerkx and Nettle, 2013). In contrast, the
subcategory ‘Extension processes’ (n=17) contains studies on extension and advisory service processes in
transferring knowledge, for example through “the education of extension” (Strong and lrani, 2011),
different functions of extension (Monsalvo Zamora et al., 2017) and extension models and processes
(Sewell et al., 2017).

The subcategory ‘Knowledge sources’ (n=10) contains studies from the agri-food firms’ perspective on
where they source information and knowledge (Batterink et al., 2006; Parra-Lopez et al., 2007; Gailhard
and Bavorova, 2014). The subcategory ‘Knowledge sharing and exchange’ (n=9) includes studies on how
knowledge in particular is shared and exchanged (Van Baalen et al., 2005; Wood et al., 2014).

The subcategory ‘Learning’ (n=20) refers to deeper studies into processes of learning, with the
involvement of actors in the AKIS. Special cases cover e.g. reflexive approaches in learning (Alroe et al.,
2017), lifelong learning approaches (Munchhausen and Haring, 2012) and co-learning (Quiedeville et al.,
2017).

524 Mechanisms of interaction

In the category ‘Mechanisms of interaction’, networks as platforms for interaction are most widely
studied. Almost one-third (n=98) of the mapped studies cover the role of networks in innovation or
knowledge diffusion of any kind. Research almost unanimously indicates that networks facilitate
innovation and innovation opportunities among their members (Colurcio et al., 2012; Shiri et al., 2015),
through knowledge sharing and exchange (Klerkx and Proctor, 2013; Wood et al., 2014; Specht et al.,
2016). Research also indicates that networks can raise members’ innovation competence (Gellynck, et al.,
2006) and innovation capacity (Kuhne et al., 2011; Kiihne et al., 2015).

Some network research also focuses on network governance or management (n=44) (Munchhausen and
Haring, 2012; Nettle et al., 2013; Brink, 2016; Pancino et al., 2016). However, this includes the governance
of other more formal or informal network-like structures, for example co-operatives (Lins and Pires,
2011), university-industry relationships (Malik et al., 2011), clusters (Burress et al., 2008; Garbade et al.,
2012) and the governance and organisation of regional and national innovation systems and the case of
the AKIS (Sandall et al., 2011; Materia, 2012; Espejel-Garcia et al., 2016; Maietta et al., 2017). Some
special types of network relations are also covered, e.g. supply or value chain networks and the
governance of these relations (Gellynck and Kiihne, 2008; Pol and Visscher, 2010; Vazquez-Casielles et al.,
2013). It is worth highlighting two subcategories, in the governance of innovation and knowledge systems
and networks, namely ‘Strategies and visions’ (n=6) and ‘Risk management’ (n=2), for which very few
items were found.

Another form of interaction concerns the more concrete forms of ‘Co-innovation and cooperation for
innovation’, often between fewer actors (or even in dyadic relationships) in the system. This subcategory
(n=31) contains studies on processes of co-innovation and collaboration (Park et al., 2015; Cock et al.,
2016; Vereijssen et al., 2017). The special case of co-innovation and collaboration with consumers is very
sparsely described, although Kuhne and Gellynck (2010) point out the relevance of collaboration for
innovation in the supply chain and Beckeman et al. (2013) show that very few firms in the food industry
have such forms of collaboration.

From these broader categories, other subcategories regarding mechanisms of interaction were found to
address e.g. ‘Social aspects of AKIS, sector and networks’ (n=19), including aspects of social capital
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(livonen et al., 2011; Hunecke et al., 2017) and trust (Beckeman et al., 2013; Ruitenburg et al., 2014). The
subcategory ‘Relationships’ (n=17) includes the role of relationships between actors in general
(Chiffoleau, 2009; Lambrecht et al., 2015), and more specific areas such as relationship quality (Frykfors
and Jonsson, 2010), power dependency (Elg and Johansson, 1997) and friendship ties (Gailhard and
Bavorova, 2014; Enriquez-Sanchez et al., 2017).

The subcategory ‘Interactions/cooperation between actors in AKIS/sector/network’ (n=15) covers more
general forms of interactions and cooperation within the system and some special cases of interaction
between e.g. industry, universities and research institutes (Larsson et al., 2009; Henwood et al., 2017).
The particular forms of ‘value chain and supply chain relations’ (n=16) have also been studied. This
subcategory contains various aspects such as power relationships in the chain (Hoskins, 1998; Pol and
Visscher, 2010), alternative and short supply chains (Chiffoleau, 2009; Chiffoleau and Prevost, 2012), new
forms of collaboration (Matthyssens et al., 2008) and forms of governance structures (Wiersinga et al.,
2012; Vazquez-Casielles et al., 2013).

The subcategory ‘System and network capabilities and capacity’ (n=15) includes aspects covering
capabilities of the actors to generate, diffuse and utilise technologies, as described by Carlsson et al.
(2002), as well as the capacity to innovate. Several studies focus on the role of networks and collaboration
as a way to improve capabilities and competences (Zanquetto Filho et al., 2003; Vagnoni et al., 2016). The
findings indicate that collaboration enhances innovation capacity among network members (Lambrecht et
al., 2014; Kihne et al., 2015).

‘Communication’ (n=8) refers to more general communication between different actors (Morriss et al.,
2006; Rossi et al., 2014), as clearly expressed in the abstracts. Many of the identified papers within
category 4, ‘Mechanisms of interaction’, most likely also include communication, which may imply that
the subcategory ‘Communication’ does not provide a full picture on this variable. Finally, the subcategory
‘Engagement’ (n=6) includes e.g. engagement between the education sector and industry (Jack et al.,
2014), engagement among stakeholders (Blok et al.,, 2015) and engagement by firms in research
(Morrissey and Almonacid, 2005).

525 Institutions

The main category ‘Institutions’ contains three subcategories. ‘Policy and public financing of AKIS’ is the
largest (n=32), including studies covering a wide range of different policy instruments like the role of
subsidies and support for innovation (Batterink et al., 2006; Taplin, 2012) and innovation networks
(Hermans et al., 2016), regulatory context (Curry et al., 2012; Avolio et al., 2014) and support for
research, education and extension (financing of AKIS) (Tokgoz, 2006; Coca et al., 2017; Midmore, 2017).
The subcategory ‘Norms, conventions and culture’ contains 13 studies on the role of these types of
institutions on innovation, e.g. the influence of values (Frykfors and Jonsson, 2010), norms (Hunecke et
al., 2017), social barriers (Rodriguez et al., 2009) and culture (Henwood et al., 2017). Finally, papers in the
subcategory ‘The role of institutions’ (n=7) do not always specify in the abstracts the type of institution
studied.

5.2.6 End-users (consumers and related groups)

In the category ‘End users, consumers and related groups’ (n=6), the single subcategory ‘Market
conditions’ includes aspects such as consumer demands (Wikstrom et al., 2016), food demand (Elg, 2008),
market dynamism (Rodrigo-Alarcon et al., 2017) and market requirements (Ambrosius et al., 2015). It is
worth noting the small number of studies considering the demand side and inclusion of consumers in the
process of innovation at system level. However, these aspects may be covered in other mapped items
(e.g. those related to the distribution or supply chain or to co-innovation or cooperation for innovation)
that do not clearly describe the end-users in the abstract.
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5.2.7  System transition and innovation trajectories

This category includes studies on socio-technical systems, system transition and innovation trajectories.
The largest subcategory includes studies on ‘Transition and innovation and development trajectories’
(n=19). The items are rather diverse and may pertain to system transition (Yakovleva and Flynn, 2009;
Elzen et al., 2011), often specifically focusing on sustainability transition (Roep et al., 2003; Alroe et al.,
2017). A group of studies also focus on innovation trajectories (Allaire and Wolf, 2004; Klerkx et al., 2010),
innovation journeys (Lambrecht et al., 2014) and processes of social transformation (Ely and Marin, 2016).
The subcategory ‘Socio-technical regimes’ (n=18) follows a similar pattern, although the items more
clearly express that the studies adhere to the theoretical framing of “socio-technical system” as described
by Geels (2004). Some of the items are coded as describing industry, technology or sectoral regimes
(Vanloqueren and Baret, 2009; Audet et al., 2017) and the relationships and interactions between regimes
and niches (Ingram, 2015; Paschen et al., 2017). The subcategory ‘Socio-technical niches’ contains items
specifically focusing on niche development, and is also included in the previous category. The final
subcategory contains three items using the vocabulary of ‘Path dependency’.

5.2.8  Contextual variables

Within the category ‘Contextual variables’, the subcategory ‘Sustainability in agri-food and agricultural
production systems’ (n=47) includes the most items. It covers topics such as sustainable farming practices
(McCown, 2001; Roep et al., 2003; Rodriguez et al., 2009; Ely and Marin, 2016) and new and alternative
production methods such as organic (Parra-Lopez et al., 2007; Quiedeville et al., 2017) and agroecological
production systems (Ryschawy et al.,, 2016; Ortolani et al.,, 2017). ‘Regional characteristics/regional
contexts’ (n=11) is the second largest area, with a focus on regional characteristics (Gellynck et al., 2006;
Gellynck et al., 2007; Fernandez Aldecua and Vaillant, 2010; Avolio et al., 2014) and local conditions
(Chiffoleau and Touzard, 2014). The subcategory ‘Production system (agricultural production) and natural
resource context’ (n=10) includes certain production systems and practices (Vuylsteke and Gijseghem,
2012; Sutherland et al., 2017) and landscape management (Hermans et al., 2016). Finally, two minor
subcategories, ‘Spatiality and proximity’ (n=3) and ‘Sectoral context’ (n=2), were identified.

5.2.9  Other system typologies used

All items in the mapping were identified as dealing with areas related to the AKIS. However, some of the
items use other types of system typologies, which were also mapped here. These are ‘Innovation system’
(n=23), ‘Socio-technical system’ (n=18), ‘Regional innovation systems’ (n=11), ‘Clusters’ (n=8) and
‘Agricultural, or food, system’ (n=9).

5.2.10 Other

The final category includes seven items that mainly study performance (Deiters and Heuss, 2014; Espejel-
Garcia et al., 2016) and the impact of research (Maistry et al., 2017; Midmore, 2017).

6 Discussion and conclusions

Research on sectoral innovation systems related to agriculture and agri-food was systematically explored,
analysed and synthesised into categories. A total of 320 items identified by a process of systematic
mapping were analysed in a qualitative process involving coding key elements in available abstracts.
These elements were synthesised using an analytical framework, rendering a full overview of published
research 1997-2017 and the main topics studied. This enabled identification of variables important in
supporting innovation within the agricultural sectoral innovation system and potential areas for
development and improvement.

The mapping revealed that some areas are rather well studied. Mechanisms of interaction, one of the
main elements in sectoral systems of innovation, appear to be the most widely studied. The literature
clearly shows the important role of networks and interactions for innovation within the agri-food sector,
whereas other elements in the innovation system appear to be less well studied.

Research on innovation in the agri-food system often focuses on the existing boundaries of the system,
i.e. existing agents are related to the conventional structure of the sector that involves “agricultural
extension”, “agricultural research”, “agricultural infrastructure”, “buyers of agricultural produce”, but
does not extend beyond sector boundaries. This is particularly apparent as regards the relation to end-
consumers, where only six studies could be interpreted as considering market demand. The role of
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customers and end-consumers as sources of innovation or as innovation partners was not covered by the
studies identified in this mapping. Considering the proposal by Geels (2004) that the user side should be
explicitly incorporated in the analysis, existing research on innovation in the agri-food system appear to
be lacking. This could imply that the sector needs to be more consumer- and market-oriented in order to
increase innovation and that it would benefit from more interaction outside conventional system
boundaries. It is also possible that competence in this field needs to be strengthened. Research on the
agricultural socio-technical system and system transition could consider the consumer perspective and
societal changes to a greater extent, as our mapping revealed that studies on these are limited.

In the case of the agri-food system, biological aspects and the context of production systems were
covered in the selected literature, but not in the theoretical frameworks used for the analysis (i.e.
Carlsson et al., 2002; Malerba, 2002; Geels, 2004, Geels et al., 2015). This is possibly because these
frameworks are based on other sectors where biological aspects are not influential. For example,
innovation involving biological processes is highly dependent on natural and environmental circumstances
such as soil, water, weather, climate, biotic and abiotic factors influencing plant growth, postharvest
conditions etc.

Another under-researched issue is interactions with other types of industries or generally with actors not
traditionally considered members of the agri-food system. This may inhibit the progress of innovation in
the agri-food sector.

One aspect apparently not considered at all in the mapped literature is the role of gender in innovation in
agri-food systems. Some of the mapped studies consider the influence of norms, conventions, culture and
values, but it is not obvious that the role of gender is considered and how the innovation system behaves
in relation to gender perspectives. These aspects may have been studied in other academic fields, but it is
worth mentioning that in the present mapping, we found no research exploring the gender perspective in
a, tentatively, male-dominated industry. In general, the low number of studies regarding gender, norms,
values, culture and conventions in the sector in relation to innovation in the system indicates a need to
broaden the field of research, in order to gain a better understanding of system functionality and how to
improve the preconditions for successful innovation in the sector.

A number of studies identified in mapping address issues of sustainability, although mainly focusing on
novel production systems such as “organic farming” or “agroecology”. The mapped items mainly focus on
how farmers should change their practices and behaviours, and less on how other actors in the AKIS
should act to support the sustainability transition. This is in line with the traditional linear system, where
the producer is considered the final user of developed knowledge. In this respect, less attention is given
to actors outside the sectoral system (such as consumers, interest groups and other societal actors). The
mapped research on system transition, using the framework of “socio-technical systems”, possibly
considers these aspects. Nevertheless, there are indications that research on innovation in the agri-food
sector could benefit from a more interdisciplinary approach and draw on progress made in other sectors.

Much of the research on knowledge transfer and dissemination assumes a linear model where universities
and research institutes develop knowledge that is transferred by extension and advisory services using a
portfolio of communication tools (e.g. reports, newsletters, teaching, farm schools, trade press, advisory
meetings). A few studies in the mapping used participatory methodological approaches, which include
farmers as “co-researchers” and partners in identifying relevant problems. This is in line with the
ambitions of new research programmes such as Food 2030 (European Commission, 2016a). An issue
arising is whether such research will only benefit those farms or firms that are actively participating in
research projects, or whether methods on disseminating results to ‘passive’ firms will also succeed. A
striking aspect of the traditional linear knowledge transfer model is the gap between research and
practice, which seem to be increasing. Associated problems identified are e.g. that research does not
reflect farmers’ or users’ needs (Klerkx and Leeuwis, 2008; Martin et al., 2011), that there are gaps and
knowledge differences between researchers and practitioners (McCown, 2001; Thompson and Reeve,
2011), that institutional and policy arrangements are not optimal (Hunt et al., 2014; Ciliberti et al., 2015;
Klerkx et al., 2017) and that the institutions shaping organisations have remained static (Espejel-Garcia et
al., 2016). New methods may be needed in the interaction between research and practice (e.g. sometimes
described as participatory approaches in this mapping), but also in identifying and selecting the right
research questions with implications for practice. It is possible that the academic culture and reward
system does not prioritise applied research and collaboration with industry.

During the present mapping, a category on performance or impact of research was identified, although
with a limited number of studies (n=7). Very little seems to be known about the effects of research on
performance and innovativeness in the agri-food sector, indicating a need for further study.

416



Sara Spendrup and Fredrik Fernqvist / Int. J. Food System Dynamics 10 (5), 2019, 402-427

The proposed analytical framework (Table 1) functioned well in mapping and analysis, although aspects
such as ‘products’, ‘the firm as an agent’ and ‘basic technologies’ were not covered by the selection
procedure. It is possible to consider these elements as part of the definition of the agri-food system. It
would have been difficult to conduct a broader mapping in this study, owing to the number of items in the
screening process and lack of available resources to analyse the material.

The method employed was based on the principles of systematic mapping, but refined so that abstracts
were analysed in a qualitative way through the theoretical framework and synthesised accordingly. It is
worth stressing that this was a mapping study, and not a review. However, the Supplementary Material
and database could be used for in-depth studies on certain topics. As regards retrieval of data during
searches, the chosen databases (Web of Science, Scopus, CABI) could have the limitation that studies
presented in non-indexed journals are not included. Historical descriptions are also not included. The
screened literature including such aspects did not provide sufficient information in the abstracts. Such
literature may tend to be published in anthologies or books, which were excluded from the screening
process. In addition, although the search words were broadly chosen with the intention to yield a large
body of initial items in the screening process, relevant literature not containing the selected keywords
may have dropped out. A final methodological note should also be made on the quality of abstracts.
During screening, many studies had to be excluded due to incomplete information in the abstracts, which
made it impossible to evaluate the quality of the paper and to draw conclusions on key elements studied.
It is possible that some relevant items were excluded due to these issues. This is a potential area for
improvement in general as regards academic publication.

Given the low profitability in the agri-food sector in many countries, development of the sector for
increased innovativeness and competitiveness could be facilitated through national research agendas on
the topic. The implications for research policy are wide. The research area would benefit from longer
perspectives in research, closer connection to end-users needs and the use of more ‘demanding’ research
approaches such as participatory research and active participation to gain in-depth knowledge on
innovation processes and innovation management in the agri-food system.

To sum up, the agri-food system has specific and unique characteristics and is not always directly
comparable with systems in other industries. Its characteristics include the norms and conventions
present in the system, the special arrangements in the AKIS with a linear knowledge chain consisting of
long-established actors and positions, a strong production focus but perhaps less market orientation. Its
most distinct characteristic is the biological component, where innovation cannot proceed faster than
biological systems allow or natural and environmental boundaries can withstand. In this mapping, we
attempted to determine the state of current knowledge as regards the sectoral system of innovation in
agri-food, AKIS, in order to identify knowledge gaps and future areas for research and provide
methodological and theoretical perspectives.
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Appendix 1
Search strings. Searches in databases were conducted on August 1, 2018.

1. WoS core collection
Language=English
Publication years: 1997-2017
Publication type=Article

#2 196,692 (TS=innovat*) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Article)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC
Timespan=1997-2017

# 4 623,233 (TS=("agri food" OR "agro food" OR "agrifood" OR "agrofood" OR "agri-food" OR "agro-food" OR
"agric*" OR food)) AND LANGUAGE: (English) ANDDOCUMENT TYPES: (Article)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC
Timespan=1997-2017

#59,106 #4 AND #2
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC
Timespan=1997-2017

2. Scopus

Search string:

((TITLE-ABS-KEY ( "agri food" OR agrifood OR agri-food OR "agro food" OR agrofood OR agro-food OR agric* OR
food ) ) AND DOCTYPE ( ar ) AND PUBYEAR > 1996 AND PUBYEAR < 2018 ) AND ( TITLE-ABS-KEY ( innovat* )
AND DOCTYPE ( ar ) AND PUBYEAR > 1996 AND PUBYEAR < 2018 ) AND ( LIMIT-TO ( LANGUAGE, "English "))

11,943 document results on August 1, 2018.

3. CABI

#1 1,422,128 ((TS=("agri food" OR "agro food" OR "agrifood" OR "agrofood" OR "agri-food" OR "agro-food" OR
agric* OR food))) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Journal article)
Indexes=CAB Abstracts Timespan=1997-2017

#2 38,923  (TS=innovat*) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Journal article)
Indexes=CAB Abstracts Timespan=1997-2017

#3 20,502 #2 AND #1
Indexes=CAB Abstracts Timespan=1997-2017

Appendix 2
Supplementary material
Supplementary material is made open accessible through the Swedish National Data Service, a national digital

repository for open research data. The material has received a digital object identifier (DOI) to provide a
persistent link to its location on the Internet.

The dataset consists of two parts, including explanation and instructions:

Dataset SND 1116-001

Innovation at system level in agri-food. Excel sheet mapping and key-words identified in the literature (1997-
2017)

Citation:

Fredrik Fernqvist, Sara Spendrup. Swedish University of Agricultural Sciences, Department of Work Science,
Business Economics and Environmental Psychology (2019). Innovation at system level in agri-food. Excel sheet
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http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=127&SID=C4t3U2CuwHIayHByl7v&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=130&SID=C4t3U2CuwHIayHByl7v&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=131&SID=C4t3U2CuwHIayHByl7v&search_mode=CombineSearches&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=CABI&doc=1&qid=151&SID=C4t3U2CuwHIayHByl7v&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=CABI&doc=1&qid=152&SID=C4t3U2CuwHIayHByl7v&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=CABI&doc=1&qid=153&SID=C4t3U2CuwHIayHByl7v&search_mode=CombineSearches&update_back2search_link_param=yes
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mapping and key-words identified literature (1997-2017). Swedish National Data Service. Version 1.0.
https://doi.org/10.5878/95pp-rx48.

Dataset SND 1116-002
Innovation at system level in agri-food. Meta-table of key elements categorized in mapping study (1997-2017)

Citation:

Fredrik Fernqvist, Sara Spendrup. Swedish University of Agricultural Sciences, Department of Work Science,
Business Economics and Environmental Psychology (2019). Innovation at system level in agri-food. Meta-table
of key elements categorized in mapping study (1997-2017). Swedish National Data Service. Version 1.0.
https://doi.org/10.5878/m9h7-6k80.

The data was uploaded to the Swedish National Data Service August 20", 2019 and published September 2",
2019.

The data is available at the following Internet address:
https://snd.gu.se/en/catalogue/study/snd1116 (Retrieved 3 September, 2019).
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