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Executive summary

This graduation master thesis investigated the risk perception of Dutch dairy farmers. In

the current agricultural economics literature, there is a lack of in-depth information about

risk perception. Risk is often examined with simplified quest ionnaires and most of the

time riskis only related to the effect s onincome. In reality, risk has effect on many more

goals than only generating sufficient income. Furthermore, questionnaires are not a n

adequate tool to give a holistic view on risk perception as risk perception is too

complicatedto capture. Ali t erature review showedrisk mMappitthg@do twahni
a promising tool to perform this research. All this resulted in the following main research

guestion :
What role can risk mapping play as a tool to give a holistic view on risk perception and as
a communication tool for comparing specialized versus multi  -functional Dutch dairy
farmers ?
The main research question is decomposed in to four sub -questions:
1. What are the main goals of Dutch dairy farmers?
2. What are the different risks perceived by Dutch dairy farmers and what are the

relationship s between them?
3. What are the differences in risk perception between specialized and

multifunctional Dutch dairy farmers ?
4. What role can risk mapping play to help farmers and researchers communicate
about risk?

The research is conducted on ten multifunctional and ten specialized dairy farmers in the

area Alblasserwaard 1 Vijfherenlanden |, the Netherlands . A literature review an d two test
interviews showed that the risk mapping method Fuzzy Cognitive Mapping (FCM) was the

best suitable method to perform this research. A FCM contains nodes of variables that
can be connected with arrows. These arrows are valued with a mark to show the size and
direction of the effect of one node on another.

Results show that  dairy farmers have  more goals than only  generating sufficient  income.
Also working with cows, be your own boss (freedom) and entrepreneurship are goals of

both multifunctional and specialized dairy farmers. Multifunctional dairy farmers have one
additional goal: contact with people. The risks perceived by farmers in this research do

not differ much from the risks typically cited in literature. However, the results show that
thes e risks are interrelated and also relate to the goals of dairy farmers. The results do
not show large differences between multifunctional and specialized dairy farmers in terms

of risk perception. The results show that FCM helps in the communication betwee n
farmers and researchers . It gives structure in open conversations without the need for a
guestionnaire list. It is furthermore a great way to present the results of an interview . It
helps to present a holistic view on the risk perception of a farmer.

The final concluding answer  to the main research question is as follows:

The results of the research show that the risk mapping method F CM can present a holistic
view on risk perception. The live visualisation on paper of spoken information enables to

keep o n track during conversations about complex networks of information, like the



network of risk perception. The produced maps can present the results of the risk

perception of both individual conversations as well as group conversations. It is possible
to com pare specialized and multifunctional Dutch dairy farmers. Aggregated individual
maps of both groups or so called soci al FCMés, and focus group FCMb6s

We found evidence that FCM has great potential to use in the communication between

dairy far mers and researchers. More in general, we expect that there is great potential to

use FCM as a method to communicate about complex issues. FCM may be a method to

improve the communication between farmers, researchers, stakeholders or mutually.

Future resea rch should focus specifically on this communication aspect and the
advantage of this. This research shows that risk perception is a comp lex matter.
Individual risks  influences and/or are influence d by other risks. Together, these individual
risks form a network of risks that are connected with each other. This research shows
that risks cannot be treated individually. This implies that risk should always be

examined with taking into account the network of surrounding risks.
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1 Introduction
A recent trend in Dutch agriculture is the multifunctional farm , hamely a farm that

produces more than only milk. Multifunctionality is distinct from the concept of
diversification, which entails producing multiple commaodity products within one business

(OECD, 2009 ). Specialized farming can be defined as the opposite: AThe production ¢
one mai n commodi ty product (Hanssbn, 2008p n eMultlh unstionale s s 0
farms differ from specialized farms in many ways. The income from multifunctional farms

is no longer depending only on the fluctuation of one product. In general, many more

social interactions takes place on multifunctional farms. These differenc es make the
comparison between multifunctional farms and specialized dairy farms very interesting

for scientific research. Nevertheless, in many fields it still lacks on scientific research on

this topic. Especially risk and risk perception are underexpose d. In many cases, risk
perception is only related to income, while in reality risk perception is also related to

many other goals of dairy farmers. Communicating with farmers about risk perception in

this context in this is not straightforward, as they do not have a consistent grasp of the

concept (Jurt et al ., 2015). Therefore, other research methods than the traditional used

surveys may be needed to capture the risk perception of dairy farmers.

1.1 The importance of multifunctional versus specialized dai ry farming

The Central Bureau for Statistics in The Netherlands (CBS) calcula ted that in 2013
24,367 (36%) out of the 67,481 farms in The Netherlands gained income from broader

activities such as: sales at home, storage of animals or goods, agro tourism, ¢ are
farming, work for third parties, agricultural nature conservation and energy production.

For 61 per cent of the farms with broadening activities, the revenues from broadening

where less than 10 per cent of the total revenues, yet for 28 per cent this w as between
10 and 50 per cent and for the final 11 per cent this was more than 50 per cent (Statline,

2014). Focussing on the dairy sector 0 which is of high importance for Dutch agriculture

with 8 per cent share of the total agricultural export (LTO Nederl and, 2012) 0 thereis a
clear divide between specialized and multifunctional farms. CBS calculated that in 2013,

29 per cent of the 17,000 dairy farms broadened their activities outside of dairy

production (Statline, 2014). This means that 71 per cent of Du tch dairy farms  are

specialized in only the production of milk and by - products.

Multifunctional dairy farming is booming in the Netherlands and it has received much

public and research attention so far. The turnover increased between 2011 and 2013 with

G414 million to 0491 million. The turnover of care far
20 per cent and the agricultural childcare increased even with 30 per cent in this period

(Wageningen UR, 2015). Research has studied different aspects of multifunctiona




farming. Heringa etal. (2012) shows that the economic impact of multifunctional farming

is limited, but it does generate relatively much employment per additional unit of output.
Seuneke et al. (2013) performed research on what entrepreneurship at multi functional
farms implies. His research shows that it takes long before farmers employ activities

outside agriculture. A complex process asks for personal development. Oostindie (2015)
performed extensive research on multifunctional farming. His research in cludes the
relationship between multifunctional farming and family farming, the drivers for far mer so
to start with multifunctional farming and the prospects of multifunctional farming in the
Netherlands. In general, his results show that family farms are w illing to adapt and
choose for multifunctionality as a strategy to evade marginalisation. Drivers for farmers

to start with multifunctionality are: re -establishing the more direct contacts with
consumers and the society, the wish to regain influence on mar keting and sales or a
combination of these factors. The prospects are positive for multifunctional farms

because of the better connection with the society. To emphasise how important

multifunctional farming is in the Netherlands, there is even a specialize d platform for
sharing knowledge on, networking and the stimulation of entrepreneurship in
multifunctional farming (Multifunctionelelandbouw, n.d.)

1.2 Research objective and research questions

A specific aspect that is overlooked in current literature is the difference in risk exposure
between multifunctional farming and specialized farming. As multifunctional farming

activities differ from specialized farming (Wilson, 2008) and the decision making of
multifunctional farmers differs from their specialized counterparts (Jongeneel et al. ,
2008; Hansson et al ., 2012), there is likely great variation in the risk exposure and
associated risk perception between both systems. Diversifying income sources is
traditionally seen as an effective way of managing busines s risk exposure ( Barbieri &
Mahoney , 2009). It remains unclear to date, however, whether multifunctionality truly

contributes to this end in the Dutch dairy sector.

Analysing risk exposure and risk management has become major facet of agricultural

researc h and has driven many policy discussions regarding European agriculture (Vrolijk

et al.,, 2009). Yet, communicating and discussing risk with individual farmers is not
straightforward as they do not have a consistent grasp of the concept (Jurt et al ., 2015)
and because great diversity exists in the risks faced by individual farms (OECD, 2009).

Accordingly, there is a need for better risk communication tools that can bridge the gap

bet ween a farmerés risk experience and a researcher

2013).




Objective of the study: this research will explore the risk perceptions of multifunctional
vers us specialized Dutch dairy farmers . The goal is to present a holistic view on risk and
to further focus on the interactions between t he risks by gene rating risk maps. These

risks maps will then be evaluated as risk communication tools.

Main r esearch question:  the main research question is formulated as follows:

What role can risk  mapping play as a tool to give a holistic view on risk perception and as
a communication tool for comparing specialized versus mu lti-functional Dutch dairy
farmers ?

This question can be further decomposed into the following sub -questions:

1. What are the main goals of Dutch dairy farmers?
2. What are the different risks perceived b y Dutch dairy farmers and what are the
relationship s between them?

3. What are the differences in risk perception between specialized and

multifunctional Dutch dairy farmers ?
4. What role can risk mapping play to help farmers and researchers communicate
about ri sk?

1.3 Set up of the report
First of all, in chapter two the characteristics and differences between the groups of

specialized and multifunctional dairy farms are elaborated. Followed up, the themes of
the research questions are clarified. In paragraph 2. 3 the goals of Dutch dairy farmers
are clarified. Paragraph 2.4 investigates the risks in dairy farming. Following, paragraph

2.4 deals with risk perception in the Dutch dairy farming sector. Finally, paragraph 2.5
elaborates risk webs as a communication t ool. This is a step -up to chapter three where
the research method s clarified. Different risk mapping methods are highlighted. After

the choice for one method, paragraph 3.2 shows the possibilities to analyze the results of

the chosen mapping method. Para graph 3.3 gives an overview of the steps taken in the
research. Finally, chapter 3.4 deals with the sampling method and the sample size
determination.  The results of the research are in chapter four. First of all, paragraph 4.1

gives a general overview of the outcomes of the maps. Paragraph 4.2 to 4.5 deal with

the results specific attributed to the research questions. After this, the discussion ,
including the recommendations, in chapter five and the conclusion in chapter six follow.
The references are list ed after the conclusion. In the four appendixes the different maps

are included, e.g. 20 individual maps, 2 social FCM6s anMdcaus group FCMOs.




2 Literature review

2.1 The extremes of specialisation and multifunctionality

The sector of dairy farming is changing. The last decennia the dairy farms with a medium
amount of cows decreased . Instead, large dairy farms with over 100 milking cows pops -
up, already 30% of the farms has 100 or more cows (Boerenbusiness, 2015). On the

other side on many  places, other activities arise on smaller dairy farms. Multifunctional

dairy farming is booming in the Netherlands (Van Apeldoorn et al ., 2013). It seems that
these two extremes are the only options for survival of dairy farms in the future. This

research investigates  therefore these extremes.

To narrow the research further down, the term multifunctionality is used instead of
diversification. The definition of diversification includes production of one main
commodity product combined with the production of one or multip le non -commodity or
commodity products of services. Multifunctional agriculture excludes farms with the
production of multiple commodity products. The dairy sector lacks of research on

multifunctionality, while just multifunctionality becomes more and more important.

2.1.1 Specialized dairy farming

In fact, all dairy farms that produce one main product, milk, are specialized dairy farms.

This seems a clear demarcation, but it needs more clarification. This research defines

specialized dairy farms as ihteproducti on of one main pPphedtetr m( fiolhle)
main producto is defined as: at | east 90 per cent of
this. The income of a specialized dairy farmer must originate for at least 90 per cent from

the dairy farm.  When the income of the farmer originate less than 90 per cent from dairy

farming the risk perception of the farmer could be significant influenced by the non -farm

income. So at least 81 per cent of the income of the farmer should originate from milk

(90 per cent t imes 90 per cent). This is in accordance with the definition of Hansson

(2008). Besides the definition focussed on turnover, specialization can also be defined

based on labour. When the labour of a farmer is over 90 per cent used for milk

production,thefa mMm isdef i ned as fAspecializedo.

2.1.2 Multifunctional dairy farming
Definitions of multifunctional farming differ substantially from each other. The definition

of bedrijveninformatienet includes revenues from contract work in multifunctionality

(Roest et a I, 2009) , while Taskforce Multifunctionele Landbouw excludes this
(Multifunctionele landbouw, n.d.) . Barbieri & Mahoney (2009) found over seven different
types of diversification, all with their own definitions. This research defines

multifunctional dairy f ar mi n gThamaduction of one main commodity product (milk)

combined with the production of one or multiple non -commodity products or services all
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within one (bassdiom@ECB, 2009 ). The term Aone main

is defined as: at le ast 20 per cent and at most 95 per cent of the farm turnover should

originate from this. Non  -commodity products/services include but are not limited to:
care farming, nature conservation, recreation, child care, sales on the farm and many
more. This list is non -exhaustive but only the five products/services with the highest

turnover are highlighted.

Care farming
Care farming is booming in the last six years. The number of farms with care farming

increased rapidly.  In addition, the total turnover of care f

and 2013 (see table 1).

arming doubled between 2007

commodi ty

2007 2009 2011 2013
# farms 756 870 1050 1100
Turnover in 145 63 80 95

Table 1: Development of care farming 2007 i 2013 (Meulen et al., 2014)

Care farming has a poten tial for 30.000 care recipients. The target group mainly consist s
of ex -detained people, long -term unemployed , partly incapacitated people. The
development of the sector depends partly on the budget of the government. In the last

years, this budget  decreas ed with 25 per cent. Research from Wageningen University and

Research centre, networking platforms like multifunctionelelandbouw.net and support of

LTO caused a strong professionalization  of the sector and therefore also growth of the

sector ( Bremmer & Migchels, 2014; Hassink et al. , 2015; Poelarends et al. , 2015)

Agricultural childcare

The agricultural  childcare is organised in the cooperation VAK, Vereniging Agrarische

Kinderopvang. The goal of the cooperation is to support farms to start and exploit
childcare (Agrarische kinderopvang , N.D.). The development of the turnover in
agricultural is shown in the table below. The turnover is increasing rapidly and so does

the number of farms.

2007 2009 2011 2013
# farms 20 64 209 219
Turnover in 14 14 20 26

Table 2: Development of agricultural child care 2007 - 2013 (Meulen et al., 2014)

Farm sales
Farmers that sell products on their farms are organised in many organisations.
Landwinkel is one of the best known cooperation in sale on farms. Local products are of

high importance for the sale on farms. The foundation Streekeigen Producten Nederland
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(SPN) developed a certification mark that guarantees the high quality of local products
(Veen et al, 2012)

The number of farms with sales of their own product decreases between 2011 and 2013,

as shown in the table below. This is because of a more strict definition of farm s with
sales. This is also the reason why in these figures the turnover per farm increase d with
20% on average. In reality, the number of farms with sales is rather stable, the turnover

increase d slightly.

2007 2009 2011 2013
# farms 2850 3000 3300 2720
Turnover in 189 128 147 142
Table 3: Development of s ales on farm 2007 i 2013 (Meulen et al., 2014)

Nature conservation
The number of farms with nature conservation decreased between 2007 and 2013. The
total turnover in this sector still increased slightly (see table 4) . This implies an increase

of the turno ver with 30% per farm. Because of the decrease of governmental support for

farmers on nature conservation, it is not possible to extrapolate these numbers to 2016.
2007 2009 2011 2013
# farms 15300 14500 12500 12500
Turnover in 171 70 72 75
Table 4: Development of nature conservation 2007 T 2013 (Meulen et al., 2014)

Farm recreation
Recreation on farms decreased slightly between 2011 and 2013 , both in number of farms
and in turnover  (see table 5) . The economic situation and the heavy competition in the

sector are the reason for this.

2007 2009 2011 2013
# farms 2432 2240 2887 2777
Turnover in 192 121 156 151
Table 5: Development of recreation 2007 I 2013 (Meulen et al., 2014)

Turnover and trends in turnover of multifunctional farming

The total turnover of multifunctional farming in the Netherlands was 491 million euros in

2013 (WageningenUR, 2015). This is just only a fraction of the potential of

m ultifunctional farming in the Netherlands. Veen et al., (2012) estimated the potential of
multifunctional ~ farming in the Netherlands on 1.5 to 4. 5 billion euro.  The large difference
in this expectation shows a considerable uncertainty on potential of multi functional
farming in the Netherlands. However, even in  the pessimistic estimation of 1. 5 billion
euro, the sector still can grow with factor three. In the optimistic estimation of 4. 5 billion

euro, this would be an increase with the factor nine.




2.2 Goals of dairy farmers

The first research question of this research is about the goals of dairy farmers. The goals

of farmers can be of large impact on risk perception but m ost available literature on risk
perception on dairy farmers focuses on only the relatio n of risk perception and the goal
fincome 0 of the dairy farmer (Meuwissen et al ., 2001; Meuwissen et al ., 2006; Wauters

et al ., 2014). Therefore, we start the research with the investigation of the goals of the

dairy farmers.

Goals depend on strategic and entrepreneurial behaviour (Bergevoet et al., 2004). The

research is conducted with the help of a questionnaire with a sample size of 257 Dutch

dairy farmers in the Northern part of The Netherlands. They found as the top five of goals

for Dutch dairy farmer  s: 1) enjoy my work, 2) producing a good and safe product, 3)

work with animals, 4) contribute to a positive image of my professional group, 5) realize

an income high as possible. I't shows that the goal fi igoalcandndd i s not
the most import ant goal of dairy farmers . Not known are the differences between the

goals of multifunctional dairy farmers and specialized dairy farmers.

Jongeneel et al. (2008) examined under which conditions farmers are tend to start

multifunctional farming. Unfortuna tely, this research gives not a clear view on the

differences in goals and risk perception between multifunctional and specialized dairy

farmers. However, it indicates that income stabilization is one of the reasons to choose

for mul tifunctional farming. T his might be translated in a possible lower risk perception of

milk price fluctuations at multifunctional dairy farms.

The relationship between the goals of dairy farmers |
perception is not investigated yet. This may be because of the difficulty to measure the

effect of risk perception on these goals.

2.3 Risk in dairy farming

The second research question questions what the risks are in dairy farming. The
definition of risk according to Hardaker et al, (2004) is as follo Wws: uncertainty with
consequences . This is in contrast with the term uncertainty that can be defined as
imperfect knowledge, but it has not necessarily an impact. Price and production risks in
dairy farming are of often a topic of interest in literature, a s well diseases and cow health
management are extended investigated (Bartels et al. , 2010; Huijps et al., 2010; Lam et
al., 2011; Berentsen et al., 2012). Besides, also financial, human and institutional risks
play a role in agriculture. Prices of the farm outputs are rarely known on the long term.
The volatility of prices in dairy in the Netherlands increased enormous in the last years

because of the abolish ment of the dairy quota. In various steps, the quota is abolished
and from April 2015 farmers are al lowed to produce unlimited amounts of milk (Samson

et al, 2015). The weather, pests and diseases heavily influence the agricultural

13



production . These unpredictable factors can have a huge impact on the results of the

farm. Institutional risks have large im pacts on the dairy farm results. The abolish ment of
the quota led to a huge increase of the production of dairy. Therefore, the government is
currently analysing the possibilities of new restrictions to stop the unbounded growth of

dairy farming (Boerderij , 2016). Human or personal risks play also an important role.
Many dairy farms are family farms. In case of illness of the farmer, the farm is directly in

need of external support.

2.4 Risk perception in dairy farming

The third research question includes t he subjective part Aiperceptiono
part fi Riskspkrgeption can be defined as: fiP e o p | jed@nsents and evaluations of
hazards they (or their facilities, or envybasecbon ment s)

Rohrmann , 2008 ). Research on risk perception faces many challenges. Often surveys are

used to examine risk perceptions (Rohrmann, 2008). He argued that the challenges with
research on risk perception arise because risk perception arises intuitively which implies

quick and emotional u nconsci ous t hought , ead@ teh emnscioushtlronght.fi h
Risk perception in itself is subjective, but when research is performed on it, the data is

objective as in any other scientific research (Rohrmann, 2008) . Results from research in
Norway shows that organic farmers perceive to be less risk averse than conventional

farmers. For both groups, institutional risk is the primary source of risk. This is mainly

about the uncertainties with the governmental farm support. Conventional farmers

perceive the costs of inputs and the development in animal welfare policy as the most

important risk factors after the institutional r isks. Organic farmers perceive decrease of
price premiums and the change of organic regulations as main risks. However, the
regression model of the same research also suggests a high degree of farm  -specific risk

perceptions. This may imply that conventional and organic farmers both do not differ in

risk perception. The high governmental support and the governmental regulation of

agricult ure clearly influenced the results of this research (Flaten et al. , 2005). Nowadays
governmental support of dairy farmers in Europe is decreasing rapidly. The governmental

role in dairy farming is also changing. Therefore, the results of the Norwegian rese arch
may differ from the risk perceptions of dairy farmers in the Netherlands nowadays.

Meuwissen et al. (2001) investigated with the help of a questionnaire survey the risk

perception of (dairy) farmers. This research concluded that price fluctuation is t he main
concern of dairy farmers. This is remarkable because around the year 2000 dairy farming

had the lowest income fluctuations of all agricultural sectors ( Melyukhina, 2011).
Furthermore, Meuwissen et al. (2006) concluded that dairy farmers worry more about
small and frequent disruptions but less about disastrous events.

Wauters et al. (2014) investigated risk perceptions of Flemish farmers, based on a

sample of 614 farmers. The research shows how dairy farmers perceive the probability of

14



occurrence of an event and how they perceive the impact if a certain event occurs (see
table 6) .

Weather | Pests | Prices | Costs | Margin | Policy | Land | Personal | Subsidy

Probability 3.05 2.74 3.50 3.54 3.49 3.44 4.19 2.71 3.64

Impact 3.60 3.67 4.08 4.00 4.01 3.76 | 4.06 3.68 4.00

Table 6: Risk perception of farmers rated on a scale between 1
is high (Wauters et al., 2014).

- 5, where 1islow and 5

The conclusion of Walters et al. (2014) is that farmers in general are more concerned
about the structural evolutions such as the margins, land availability and governmental

policies, rather than  short -term volatilities.

2.5 Risk communication

Rohrmann (2008) de fines risk communication as Al é] the exchange o
bet ween i nter esliesd sopia procéss which can contain three parts: Firstly,
people can receive information about hazards. Secondly , people are influenced towards
change in their behaviour. Thirdly, people can take part in decision -making . To make risk
communication effecti  ve, a good understanding of risk perceptions and attitudes of the

farmer is essential (Rohrmann, 2008). Risk behaviour is studied intensively but nearl y no
established measurement tools do exist. Rohrmann (2002) highlighted some instruments

to perform rese arch in this field. The Risk Orientations Questionnaire (ROQ), Risk
Propensity Questionnaire (RPQ), Risk Scenarios Questionnaire (RSQ) and the Risk
Motivations Questionnaire (RMQ) where highlighted as research instruments. The
conclusion of this research s  hows that the highlighted methods where useful , but other
methods are needed for the understanding of the risk mind -sets of people.

Van Winsen et al . (2011 ) investigated the opportunities of cognitive mapping as a
method to explain and present the risk per ception of farmers. Cognitive mapping is a tool

that provides insight in the broad spectrum of risk perception. Therefore, it should be

possible to use it as a method of risk communication. This research investigates what the

role of risk webs or risk map ping can fulfil in the communication about risk between

farmers and researchers.

f
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3 Material and Methods

This research uses the method of risk mapping to examine the risk perception of
multifunctional and specialized dairy farmers. As this type of m ental mapping method has
been used in agricultural economics research before, the next section presents an
overview of several alternative mental mapping methods . Next, the optimal approach for

this particular study  is determined and the practical implemen tation is discussed
3.1 The risk mapping method

3.1.1 Mental mapping methods

The idea of mapping the thoughts of humans comes from the idea that every human

simplifies the world in the ir head. Psychologist Craik (1943) proposed that people ha ve a
simplifi ed model in their head about how the world works. This is called the mental
model. Later, psychologist Johnson -laird (1983) reasoned in line with Craik that people

have a simplified reasoning mechanism in their working memory. In line with Johnson -
laird, the risk perception and risk management decision making of farmers works
according to a simplified model in the head of the farmer (Jones et al , 2011).

Mapping methods  were developed to extract the mental model or the reasoning
mechanism from the head of pe ople. Eden & Ackermann (2002) used the term cognitive
mapping as a general description  of mapping methods to describe apersonés thinkin
about a problem or issue. Cognitive maps differ from word and arrow diagrams, influence

diagrams, mind -maps or brain m aps in the sense that cognitive map ping is a formal
modelling technique with certain development  rules. The cognitive mapping technique is
based on personal construct theory, developed by Kelly (1955). The aim of all mapping

methods is the same, namely to understand relationships. It is easier to understand

visual ly represented relationships than verbal or written descriptio ns of the se
relationships (Davies , 2011). Mapping methods are popular in research, but there is no
consensus in literature about which specific techniques to use (like valuing connections in

words or in numbers) for the mapping (Hodgkinson et al ., 200 4).

3.1.2 Cognitive mapping methods

Different methods are available for cognitive mapping. Below, causal mapping, semantic

network mapping, decision analysis based mental models, concept mapping and fuzzy
cognitive mapping are considered.

The analysis of causal mapping is in depth described by Montibeller & Belton (2006 ).
Causal maps can be decomposed in many sub -methods like reasoning maps a nd
preference elicitation. In summary, all these methods have in common that they are too
simplistic lacks on analysis methods and are limited used in research. Semantic network

mapping method, invented by Collins & Quillian (1969), is described in dept b y Mitchell &
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Lapata (2010). This method is compared with other methods in research of Wood et al.

(2012). They compare three different mapping techniques to be used in the field of risk
management. The research compares (i) decision analysis based mental m odels, (i)
concept mapping and (i) semantic network mapping. Their conclusion shows decision

analysis based mental methods cannot be used in this research because the method is

not suitable to compare expert groups. Concept mapping is a promising method because
of highly standardized procedures but unfortunately, it suggests relatedness of concepts

but not causality. Semantic network mapping is the most simplistic method to use, but

the creation of diagrams is highly subjective. Van Winsen et al. (2013) use the semantic
network mapping as a tool to elucidate and present the risk perception of 19 Flemish
(Belgium) farmers and concludethat fiCogni ti ve maps can be used as
tool, a risk management tool, and a tool to stimulate bi -directional le arning amongst
farmer s, policy maker s, resear c(hpe42p . Kngkal (1986 was n s i on
the first researcher who used Fuzzy Cognitive M aps (FCM). His FCM is based on causal
cognitive maps but adjusted with the use of real numbers in the range o f -1to 1. Ozesmi
& Ozesmi (2004) elaborately describe FCM construction and the use of it. ~ FCMs are graph
structures, which represent fuzzy causal relationships. It is used in situations with a

system or relationships are fundamentally fuzzy or are unknown . Because of the
systematic approach, FCM is still suitable for these situations (Kosko, 1986). With FCM,

the knowledge of individual farmers can be compared in a quantitative way by using

weights on the relationships between nodes in the maps (Ozesmi & Oz esmi, 2004). Van
Vliet et al . (2010) describe the use of FCM as a communication and learning tool. The
results show that FCM is a structured way of understanding the system of the
perceptions of participants. The participants perceive this method as easy t 0 understand
and easy to use in a short period of time. Christen et al. (2015) investigate what role
FCM can play in the communication between farmers , in combination with policy design

He concludes that FCM can be used as a structured way to identify dif ferences in
perceptions between two groups of farmers. Most recent ly, Li et al. (2016) use FCM to
evaluate the interest of fisher s into scientific information , showing the driving variables

and constraints for fishers to use scientific information

3.1.3 C hoice of risk mapping method

In order to choose the mapping method best suited for this research, two test interviews

were conducted. During two sessions of half an hour, two respondents were interviewed,
both FCM and semantic mapping were applied, and the outcomes compared. Both test
interviews revealed a preference for FCM over semantic mapping based on practical

reasons such as (i) the map becomes messy and not understandable when connections
are described with words (especially in complicated maps with many connections) , (ii) it

is hard to explain in what way the connections in semantic mapping should be described
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and (iii) the respondents find it easier to value a connection with a mark rather than

having to describe it in words . Combined with  the limi ted use of semantic mapping in
literature and the exten sive and recent use of FCM in agricultural research , FCM was
chosen as the mapping method best suited to perform this research. Figure 1 shows what
a FCM can look like.

4 Income

Figure 1:Example of FCM

3.1. 4 Obtaining FCM

Ozesmi & Ozesmi (2004) give four different ways to obtain a cognitive map: (1) using
guestionnaires, (2) extraction from written texts, (3) from causal related data and (4)

with the use of live mapping during interviews. Live mapping an d extraction from
transcripts seems to be the most  appropriate methods for the research questions in this
research because these methods can be used in combination with open interviews. The
result of the two test interviews further show ed that live mapping  was possible ; it may
be the preferable method. Live constructing of the FCM resulted in more nodes and more
connections between the nodes , i.e. a richer FCM . In addition , the participant s needed
less support of the researcher when the map was constructed live . This shows that live
mapping decreases the chance o f the researcher influencing the outcome . The choice for
live mapping is further emphasized by recent research in the field of agricultur al
economics that successfully uses live mapping (  Christen et al ., 2015; Van Vliet et al .,
2010). In addition, Fairweather & Hunt (2011) used live mapping to understand complex

farm processes. In contrast to Ozesmi & Ozesmi (2004) , they experienced that it is
essential to list concepts regarding the subject on beforehand , otherwise farmers needs

up to 30 minutes to list these factors. The approach of the test interviews did not give

certain problems. This may be because the participants were not asked to list the

important factors on beforehand, but these were discovered during the construction of

the map.
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3.1.5 Guidelines regarding the construction of FCM

The guidelines for the construction of FCM are not univocal and not stringently used in

research. Bright man (2003) constructed g u(Ketlye,l i nes,
1955) :
- Not only words can represent a node, also short sentences can be used. However,
at all time, there should be only one idea per node
- The sentence should be stated in the imperative form , 1.e. have sufficient income

- The use of opposite poles is allo  wed (e.g. have sufficient income rather than high

income). The words firather thand can be replaced wit

- Use factors that are feasy to manipul ateo, i . e. W
and similar temporal scale and on which indications on the relative importance
can be given

- Build ideas into a hierarchy: start by defining outcomes. This is followed by

defining causes/ effects and howds/ whyods

- The strength of connections between nodes is valued between -l1land1

- Thevalue O is never used be  cause zero means that there is no relationship.
In FCM, values between -1 and 1 are used to determine the strength of the connection.
During the first test interview, the respondent was free to decide what description
method to use. The respondent chose to use the + and I signs rather than values
between -1land1l1 .Lateron , the respondent was asked to use numbers between -land 1
because this gives more opportunities for the analysis and this follows the guidelines of
FCM. This resulted in many  extreme an swers, i.e. -1 and 1 numbers. It seem ed that the
respondent perceived this as a dichotomous scale, while it was clearly stated that the
respondent could rank with differences in steps of O .1. Based on this experience, we
opted for a numerical scale in favo ur of words and was adopted a 10 -points scale in order
to improve its validity , as used by Christen et al . (2015). During the second test
interview, this 10-point scale was tested and resulted in a better use of in -between
ranks. Again, this respondent found it diffi cult to describe the connections between nodes

in words , underscoring our decision not to use a word -based scale .

3.1. 6 Advantages and disadvantages of FCM
Based on the reviews by Kosko (1986), Kim & Lee (1998), Ozesmi & Ozesmi (2004) and
Kok (2009) the fo llowing advantages and disadvantages of FCM can be identified:
Advantages:
- Enables understand ing complex systems with an holistic view
- Can model situations where little scientific information is known
- It allows feedback pr ocesses
- Easytouse andunders tand for non -experts

- Directinsightin to individual risk web
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- Enables construct ion of general risk web
The most important advantages of FCM for this research are (i) the opportunities that
FCM has regarding the understanding of complex systems. This, in combination with the
opportunity to present a holistic view on risk perception. Risk perception often partly
examined, mainly in combination with financial risks. We want to present a broad view
on risk perception, which his is a highly comp lex matter.  And, (ii) itis highly importa nt
that non -experts understand the research method because the map is created in co -

creation with the non  -expert.

Disadvantages:
- Limited statistical analysis possible, no parameter estimation
- Loss of information because by using numbers instead of words to describe
connections
- The interviewer can influence the results significant ly, both verbally and non -
verbally
- The ignorance and misconception of the farmer are all encoded in the maps
- AWhaitf 60 reasonimodelled abutbd@why6sd are not captured
The most worrying disadvantages are the influences of the researcher on the results and
the ignorance and misconceptions of the farmers that can be encoded in the maps. For
both of these disadvantages, strict protocols ¢ an help to decrease the risks of these.
Nevertheless, the influence of the researcher will be always there both verbally and non -
verbally. The preparation of the researcher is essential to prevent misunderstandings of

the farmer. Well -developed interviewin g techniques are  of crucial importance.

3.1. 7 Constructinga focus group FCM
All the information above focuses on the construction of an FCM individually. This
research will use both the individual and the group process to construct FCM. The group
process differs in many ways from the individual process. Different authors already
highlighted the process to construct the focus group FCM . Van Vliet et al. (2010) use FCM
to bridge the gap between storylines and models. They create the FCM  with the help of a
focus group as follows:

1. Write down post -its with issues (individual)

2. Cluster individual issues and discuss importance (group)

3. Define which relations exist (two small groups, four people per group)

4. Define sign and strength of relationships

5. Define ifthe rela tion is positive or negative

6. Define the relative strength of the relationships in four classes (++, +, -, =)
Fairweather & Hunt (2011) also  use a group process to create a FCM. The steps in their

research are as follows:
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1. Determine important factors for th e FCM by performing a questionnaire
2. Construct individual F CM6 s-deterimined &st ohfactoss. Thesi ng a pr
farmers decide which factors they use from the list

3. The researcher, using a matrix of in an Excel spreadsheet, creates a general FCM

4. Valid ate the constructed general map in a focus group
None of both researches is a blueprint for our research  to construct a focus group FCM
The main difference between our research and the research of Van Vliet et al. (2010) is
the use of clusters and not the use of nodes with concepts . Furthermore, our research
differs because we first construct individual maps and later on in a focus group a general
map. The research of Fairweather & Hunt (2011) differs in the numbers of concepts and
the number of respondent s. Because of the pre -determined list of 41 concepts , the
variety is much lower than in our research. In addition, the number of respondents
(farmers) is with 34 much higher than in our research. This leads to a lower variance in
the concepts named and the used concept appears in more (individual) maps.
Furthermore, the general FCM created by the researcher is the basis of the focus group

while this is not the case in our research.

Based on elements from the two previously cited sources and our experiences with the
individual interviews, we developed the following set -up to construct  a focus group FCM
The farmers are  at the start of the meeting asked to create a map that will repres ent the

fitypical dai ry far mer of t hei r oAtblassgpwaardi n Vigherenlandeng j. on  (
This means, the multifunctional dairy farmers are asked to create a map for the typical
multifunctional dairy farmer whereas the specialized dairy farmers are asked to create a

map for the typical specialized dairy farmer. Next, the fo llowing steps are followed:

1. The most important goals (most times named) during the individual FCM creation
are the starting point.  These are short discussed.

2. Write the goals down  on alarg e piece of paper (A1 -size). We ask the farmers one
by one to name a  factor that influence one of the goals or one of the other
factors. When a farmer names a factor, a short discussion follows and the
relation(s) with the goals and other nodes are constructed. When all farmers
named one factor, a second round starts and a Il farmers can again name one new
factor. This process continue s untii no more factors come up and a final map is
obtained .

3. The connections are then evaluated and by (i) defin ing if the relation is positive,

negative or both  and (ii) valuing the connectio ns on the same scale as used

during the individual process: ranging between -10 and 10. The valuing of a
connection starts with asking one farmer to suggest a number. This value is then
adapted based on the opinions of all participating farmers in the focu s group. This
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takes place for all connections valued. In turn, the farmers are asked to do the
first suggestion of a number.
4. Inthefinal phase, the farmers are asked if they want to add or change something
in the final map. After all farmers gave their o pinion, the focus group FCM is

finished.

3.2 Analysisof FCM
The analysis of FCM is  divided in to two parts. Firstly,  several indicators exist to evaluate
the individual FCMb6 s . Secondly, we can merge the indi

which is called a social FCM.

3.2.1 Analysis of the  individual FCM
Fuzzy cognitive maps  are not suited for advanced statistical analys es, i.e. one cannot
estimate parameters. However, FCM can be analysed on terms of shape of the map, the
number of connections , the number of nodes and the type of nodes. Below, the used
methods for the analysis are elaborated.
- Islands of themes : in extreme cases, within one map can be nodes and arrows
that connect t o each other. There can be #dAislandso of
extreme form i s when nodes do not connect to each other, and there are no
arrows. In the other extreme, all nodes connect to each other. This is more likely
when the r atio arrows -to-nodes is high (Eden, 2004). The ratio of arrows to nodes
gives an indication about the r obustness of the cognitive map (Ozesmi & Ozesmi,
2004). The i sl ands of themes are simple visible in t
to nodes is calculated by hand. We calculate the amount of node s and the amount
of connections for every map.

- Networks of pro blems : each node in the map  supports other nodes. Other nodes

can support these supporting nodes. Together, these subsets of nodes form a
hierarchical structure. T he subset of hierarchical nodes is also named fAcl us
The clusters can give a different vi ew on the issue, and can identify sub -problems

(Eden, 2004). The most interesting networks of problems are visible in the social
FCM6 s, as these are the summary of the most i mpo
FCM6b6 s . The soci al Fezavhined oa t de egistence eof networks of
problems.
- Finding potent options  : the definitonofa fi p ot enoded when it appears in two
or more different clusters. The identification of these potent nodes can help
individuals to manage complex issues (Eden, 2004) . Here , al so the soci al I
are the most interesting. These are examined on the existence of potent options.
- Analysis of the goals : in the start of the conversation, the farmer explains what

for him the most important goals are. There is no limit on the amoun t of goals. In
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the analysis, the goals of the farmers are compared. The goals that exist four or
more times are considered as the most important goals of the dairy farmers.
- Analysis of risks : the risk categories named by Wauters et al., (2014) are the

guidance for the analysis of the risks. The soci al
are analysed in order to discover networks of risks that are linked to the
categories. The individual maps are used to make nuances.

The described analysis  methods above descr ibe the created maps in numbers. It is used

in the general description of the different maps. The in -depth analysis of the maps

cannot be done with only numbers. It is also not efficient to compare individual maps one

by one. Therefore, the social FCM s u sed.

3.2.2 Analysis of social FCM
In literature, to social FCM is referred in a several ways. Vanwindekens et al.,, ( 2013)

uses the term  Social Cognitive Mapping (  SCM) while Khan & Quaddus (2004) uses the
term Group Fuzzy Cognitive Mapping (GFCM). We prefer to use the term social FCM
because of the consistency of the report.  Social FCM is a method that we can use to
summarize /aggregate the individual maps of several farmers. Basically, all nodes and
connections of the individual m aps are put together in one matrix. In the cells of the
matrix, the  number of times that these unique connections exist is counted ( Ozesmi &
Ozesmi, 2004).

Then, t he matrix is translated into a map. Contrary to the individual FCM , the number on
the connection line does not value the  strength of the connection, in a social FCM it
reflects on how many individual maps this connection exist. In this research, two social
F C M@ made, one for the group of specialized dairy farmers and one for the group of
multifunctional dairy farmers. Note that social FCM differs from the  focus group FCM (see
section 3.1.7 ). The soci al oFltM@rsups can be compared with each other. This
shows the differences between both groups based on the individual processes. The same

is done with the focus gr oup . Fhis Mshaw s the differences between both groups

based on the group processes.

3.3 Practical implementation
Practically, we implemented the following three phases in our research to create the

individual F CMarsd focus gr oup F CM®6 sbagetl anOgesmi & Ozesmi (2004):

Phase I: Preparation
1. Identification of risks perceived by dairy farmers by use of a literature review and
by conducting two test interviews

2. Choose the best suitable mapping method
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3. Construct a risk web for multifunctional dairy farmers and one for specialized
dairy farmers  based on the literature review
4. Construct a risk web that does not related to this topic to be used as an example

to explain the FCM method to the farmers

5. Construct open -ended questions about risk percepti ons to guide the live FCM
construction
Phase Il: Individual FCM (step 6 -9 were repeated for each individual farmer)

6. Identification of the goals of the dairy farmer

7. Explain the practical implementation  of the FCM method to the farmer with the
help of the u nrelated FCM risk web  from step 3

8. The researcher and the farmer jointly construct the risk web on paper (size 50 by
70cm) , with as a starting point his /her goals defined at step 5

9. Asking open -ended non -directional questions in order to let the farmer exten d his
risk web

10. Asking questions about the use of the FCM method

Phase Ill:  construction of a social FCM and a focus group FCM (steps 11-12 were
repeated for both groups of farmers)

11. Analysis of the risk webs of the individual farmers based on social FCM

12. Organising two focus groups, one for multifunctional and one for specialized dairy

farm ers and construct together a focus group FCM
3.4 Sampling method ology

3.4.1 Sample size
The sample size is based on research of Ozesmi & Ozesmi (2004), Baarda (2009) and

Van Winsen et al. (20 13). Baarda describes that the sample size needs to suit within the

time available for the study and the purpose of the research. The purpose of this

research was to continue the process of map ping until not many new variables appears
on the individual maps. Research of Van Winsen et al. (2013) show that the first
re spondent gave 43 unique variables . The map of the fifth respondent re sulted in only
four new variables . Ozesmi & Ozesmi (2004) show that there is a steep decrease in the
number of new variables after the third new map (figure 2) . After the seventh new map,

the number of named new variables stays rather the same.
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Figure 2: Number of new variables added per map (Ozesmi & Ozesmi, 2004)

We can conclude that the use of ten res pondents per group should be appropriate

considering the available time, the purpose of the research and the occurrence of new

variables. In tot al ten respondents are visited per group, with two groups  this means

twenty respondents.

3.4.2 Sampling approac  h
There is chosen for a predetermined research area. The research compared two different

groups of dairy farmers, (i) specialized dairy farmers and (ii) multifunctional dairy
farmers. To be able to compare these groups, the environment in which they operat
should be equal as possible. Governmental regulations and geographical characteristics
differ strongly per area. For example, the manure regulations differ per area (Melkvee,
2015) and the soail is of strong influence on the production of the animal feed

Ham et al., 2010). The second reason is the performance of a focus group. Farmers are

visited individual and after all individual interviews are conducted, a focus group is

(Van den

organised with farmers who participated. The organisation of the focus gro up will be

easier when the farmers are located in one area, relative close to each other. The

Albasserwaard and the Vijfherenlanden, located in the province of Zuid -Holland are

chosen as the area of the target group. In this area operate enough specialized
multifunctional dairy farmers for the sample size of this research.

The snowball effect is chosen as a method to reach the dairy farmers. The advantage of
snowball sampling method is that the target group is reached more easily. The existing
network of the researcher is used as a starting point. From there on, dairy farmers are
asked if they know other dairy farmers that would possibly want to participate. The
disadvantage of the snowball method is that the sample conducts only respondents of
one grou p of friends or acquaintances. This is prevented by contacting also dairy farmers
from my outer layer of my network. Furthermore, the respondents are asked to
recommend people from the outer layer of their network. According to Baarda (2009)

this is an eff ective method to overcome this disadvantage.

and

25



During the sampling, the definitions of specialized and multifunctional dairy farmers (as
stated in paragraph 2.1) are used to contact the right dairy farmers. The dairy farmers
are asked what percentage of the ir income is coming from milk sales or what percentage
of their working time is linked to the milk production. In situations where it was unclear

in what category the farmer should fit, the farmer is not included in the sample.
Especially for the multifunc  tional dairy farmers, we took care that farmers with different

types of multifunctionality where included in the sample.

3.4.3 Sampling implementation
The interviews are planned by calling farmers ahead and asking their willingness to

participate. Around t  he time of 10:00, 12:30 and 15:00 appeared to be most effective
because they are typical break times of farmers. Calling between 16:00 and 18:00 is by
definition not successful because farmers are busy  with milking the co ws. The success
rate of this stage was around 40% . After seven interviews were planned by phone, a
different method of planning was used. Farmers were Vvisited randomly and are personal
asked if they want to participate in the research by having an interview. The farmer was

asked if there was the possibil ity to have the interview directly, or if it could be planned
otherwise. The experience shows that planning on the short term (e.g. within one week)

was the most preferred. Around 9/10 was willing to participate the research when it was

asked in this way.  The weather is of strong influence on the willingness of the farmers to
participate the research. In the spring , the farmers do not have time when the sun is
shining. Even planning interviews is not successful on a day with good weather. All
interviews the refore took place on rainy days. Lastly, the researcher needs to be flexible.

Some farmers do not have time during the daytime. Therefore, several interviews took

place in the evening hours.
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4 Results

This chapter describes the results of the research, based on the three differ  ent maps:

twenty indivi(agpperdixl@&@Mo stwo f ocus gr o u(pppeRdxNY sand the
two constructed  social FCM6 $ased on the individual maps (appendix 4)

4.1 General outcomes of the different maps
Here, the general  outcomes of the maps are described. This means: the characteristics

description of the maps, based on the analysis methods described in paragraph 3.2

4.1.1 Results of the individual maps

The individual maps of both groups show hardly any islands of themes. Only the map of
respondent 8 has one node that is not connected to other nodes. This is clearly visible in
the ratio of arrows to nodes. The map of respondent 8 has the lowest value for this ratio

(see table 7 and 8). This is in line with the conclusion o f Ozesmi & Ozesmi (2004) that a
low ratio of arrows to nodes can lead to islands of themes. The higher the value of this

ratio, the more robust the map is.

Participant number 3 6 7 8 9|12 | 17 | 18 | 19 | 20 | Average:
# Nodes: 25| 29| 22| 16 | 23| 28 | 21 | 17 | 13 | 24 21,8
# Connections: 30| 34| 24| 15| 32| 32 | 26 | 26 | 18 | 33 27,0
Ratio arrows to nodes 1.212 |11 |09 14 |11 1.2 |1.5|1.4 14 1.2

Table 7: Characteristics maps specialized dairy farmers

Participant number 1 2 4 510 | 11 | 13 | 14 | 15 | 16 Average
# Nodes 18 | 21 | 16 | 23 | 28 | 19 | 15| 19 | 20 | 18 19,7
# Connections 25 24 19 27 30 21 18 27 22 21 23,4
Ratio arrows to nodes 1.4(11(12 12|11 11|12 |1.4|1.1 |12 1.2

Table 8 : Characteristics maps multifunctional dairy farmers

In the individual maps, four networks are visible:

- Regulations: The regulations by the government  have influence on goals such as
freedom and having sufficient income. Regulations are connected with different
variables like politics and uncertainty of regulations. Politics are again influenced
by citizens and they are partly influenced by the farmers themselves.

- Health of animals : the health of the cows influences the pleasure of working with
cows directly. Indirectly the income is influenced. The health of the animals
influences the milk production, the milk quality and therefore the milk price. The
health of the cows is influenced by the quality of the feed.

- Entrepreneurship : Entrepreneurship is the connecting element in the most maps.

It influences income both directly and indirectly . It provides freedom but it als o]

influences the regulations.




- Milk price : The milk price strongly influences the income of the dairy farmers. At

the same time, the milk price is influenced by the market, but also indirectly by

the farmer by taking care of the health of the cows, and the

the milk. The milk quality influences the milk price.

refore the quality of

The networks of regulations, health of animals and entrepreneurship are interconnected

and hence cannot be individually

considered . Therefore, we can conclude that these

named net works are potent options because they appear in two or more different

clusters. Therefore these are more important than other nodes because their influence

more than one networks within the map. T

enclosed in appen dix 1 and 2

412 Resul ts of

the focus grou

p

he maps of all individual participants are

FCM®G6 s

The focus group of the multifunctional dairy farmers is performed with four people of

three visited families (i.e farmers 1, 2

group of the specialized dairy f

(i.e. farmer 3, 8,9, 12, 18, 20 and the spouse of farmer 8

, 14 and the spouse of farmer 2). In the focus
armers, seven people of six visited families participated

). The focus group FCM of the

specialized group is extreme dense with a ratio of arrows to nodes of 1.9. The ratio of

arrows to nodes for th e multifunctional group is average with 1.2 (table 9). This is likely

because only three farmers

number of farmers participated the

of the multifunctional focus group participated and the double

focus group of specialized dairy farmers.

d

The focusgroupF CMés of both focus groups are encl ose
Focus group FCM multifunctional Focus group FCM specialized
Nodes 28 24

Connections 34 46

Ratio arrows to nodes 1.2 1.9

Table 9 : Characteristics focus group FCM

4.1.3 Results of the social FCM

Like Fairweather (2010) described, it would be difficult to present and interpret all

connections and nodes in the social FCM. For the multifunctional group this would be 205

unigue connections, for the specialized group this would be 218 unique connections.

Therefore, in the social FCM, only the connections are displayed that exist in more than

one individual map. The social FCM of both groups show a low ratio of arrows to the

nodes (table 9) . Not surprising, some islands of themes exist in the maps.

The spe cialized social FCM has more nodes and the ratio of arrows to nodes is higher

(table 10 ). This is because of two reasons . firstly, specialized dairy farmers have in the

individual maps on average 27 connections, while multifunctional dairy farmers have onl y

23 connections. Secondly, the multifunctional dairy farmers have many more unique

28

n
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nodes than the specialized dairy farmers. The social FCMé6s of both groupis are en

appendix 4.
social FCM social FCM
multifunctional specialized
Nodes 17 32
Connections 15 33
Ratio arrows to nodes 0.9 1.0

Table 10 : Characteristics of the social FCM's

4.1.4 Comparison individual FCM, social FCM and focus group FCM

Social FCM uses the information of the individual maps. Therefore, it is not possible to
compare th e number of nodes found in the social FCM with the amount 0 f nodes in the
individual maps. Social FCM can be seen as the summary of the individual maps. Social
FCM highlights the most named connections on the individual maps. Compared to the
individual map s, social FCM shows much less information. Only the most important

information of the individual maps is summarized and displayed.

The focus group FCM led to more nodes and more connections than on the individual

maps. The multifunctional group produced a map with 28 nodes and 34 connections
where 21 nodes and 25 connections were the average of the individual maps of the
participating people. For the specialized group the difference was even larger, during the

focus group 24 nodes and 46 connections where created while the individual maps led to

an average of 22 nodes and 28 connections of the participating farmers. The discussion

during the focus group resulted in better -argued values of the connections. While on
individual maps many extreme val ues of afifi®arfocus fgroup FCM contains

hardly any.

Compared to the focus group FCM , the social FCM shows much less and completely
different information. The social FCM show the most important issues based on individual

maps. It does not show a complete ov erview of the reasoning network of farmers. The
f ocus gr oudoes.F&kmhi s reason, we cannot compare social FCM directly with the
focus group FCM , but we can use both to analyse differences between the two groups of

dairy farmers  in the next sections

4.2 Goals of dairy farmers
The first research question of this research is wondering what the main goals are of

Dutch dairy farmers. This research question is an important start because at the onset  of

this research we assumed that risk is not only rela ted to the goal fihaving

i ncomeo. The results show that farmers have more ob
i ncomeo. The main goals of the participating special
animals (cows in particularity), be your own bos s (in the context of Anfree
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sufficient income and be an entrepreneur. The main goals of the participating

multifunctional dairy farmers are: working with animals (cows in particularity), freedom,

have sufficient income, be an entrepreneur and hav e contact with other people.

The goals of multifunctional and specialized dairy farmers do not differ much. Specialized

dairy farmers describe freedom more as fAbe your own
farmers describe this mor ¢sugssing fyrteeendlifundiional daoyt v er
farmers see fihave contact with ot heghutspeeidizeddaily as one
farmers do not. Some specialized dairy farmers do describe contact with people as a

factor in their map, but none of them de scribes it as a goal. Bergevoet et al . (2004)
descriem¢egoyfimy wor kd as t Haey farmérsa Thig goallis nat formulated

as such by the dairy farmers in this research, but the combination of the goals in this

research could be summarized asfienj oy my Thesedond.goal found by Bergevoet

et al. (2004) , producing a good and safe product, is not stated by any farmer in this
research, neither the goal Acontribute to aAsositive
the contribution to a positi ve image of the  professional group is not named as a goal, but

it is named as one of the nodes in the soltéfifH FCMb s

goal of Bergevoet is the most conflicting with our result. Bergvoet describes the fifth goal

of dairy fa r mer s as: fireali ze an income high as possiblebo
aso descri be fiincomed as a goal , but they all/l stress
their goal and for sure not an income as Ahigh as possibleo. As shown
research and the research of Bergevoet et al. (2004), income is a goal of dairy farmers

but many other goals play an important role.

The results show a strong connection between risk (perception) and the goals of dairy

farmers. This becomes clearly visible in the individual maps in appendix land 2

4.3 The main risks perceived in Dutch dairy farming

The second research question is questioning what the different risks in Dutch dairy
farming are, and what their relationships are. The main risks found in literature an d the

risks found in the research are elaborated. The relationships between the risks are

evaluated with the help of the social FCM and the focus group FCM.

4.3.1 Production risk
According to the USDA (n.d.) these production risks are caused by adverse we ather,

pests, disease, human error, and misuse of new technologies. As stressed in the results

of the goals of dairy farmers, risk is not only related to income. Production risks are also

strongly connected to the goals fAwor kinngnwirtelpreowes ® 0
(see figure below) . Especially the health of the cows is of high importance for the

satisfaction of the farmer |, e.g. working with cows . The figure below shows the outcome

of the focus group FCMb6s.
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weather
roughage conditions

Be an Working with
entrepreneur cows

High milk Sufficient
production income

Figure 3: The network around production risks

4.3.2 Price risk

The risk webs of both multifunctional and specialized dairy farmers show a large impact

of the milk price on their income. Milk price as such is not a price risk. The fluctuations of

the milk price (and especially decrease of the milk price) are a price risk. The dairy

farmers all described milk price in the FCMés as a r
milk price that it is described as a risk, and it is not specified as fluctuations of the milk

price. The goal of farmers to have #dAsufficient i ncomeo
price. Most of the specialized dairy farmers score the strength of the relation at a ten, the

highest possible value. Multifunctional dairy farmers score the strength of t he relation

also high, but slightly lower than their specialized colleagues. Remarkable is that two out

of the ten multifunctional dairy farmers did not even mention the milk price as of

influence on their income. This may be because of their specific situ ation; one makes

cheese of all the produced milk and one is a biological farmer. The multifunctional dairy

farmers produce besides milk also other products that have an effect on the income.

Therefore, the relat ionship between milk price and having suffici ent income is slightly

lower for these farmers. Overall, it is understandable that farmers rate the relationship

between milk price and their income high. The current milk price is far below the average

cost price (cri ti cal mil k price of 032,58 per 100 kg milk
100 kg milk in May, 2016 ); therefore dairy farmers experience the influence of the milk

price on income the hard way (Melkvee, 2016). A few dairy farmers named other price

risks, like the price of calves and cows. Only two farmers named the price of

concentrated feed. These farmers score the connection of the concentrate price and the

income high, a seven on the scale from zero to ten.

4.3.3 Policy risk
Both the multifunctional an d the specialized dairy farmers are concerned about

governmental policy. According to most farmers, these governmental regulations have a
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strong negative impact on their income, freedom and entrepreneurship. The most
frustrating aspect is the inconsistency and the unpredictability of the government. The

most recent topic is the discussion about the separation of calves from their mothers
(BoerenBusiness, 2016). It frustrates dairy farmers that the government can decide on

regulations without taking into acc ount the perspective of the farmers. The clearest
example of inconsistency of the governmental policy is the abolishment of the milk

guota. The milk quota is abolished on the 1 st of April 2015. Only one year afterwards, the
government is thinking about new ways to reduce the milk production. Phosphate rights

are one of the possibilities that the government can use to do so. The farmers link this
strongly to the current low milk prices. Wauters et al . (2014) already mentioned this
linkage in their research. At t he same ti me, so called Aphosphate
milk production in the future. Uncertainty about this new coming regulation makes dairy

farmers insecure about their future. Most farmers see governmental and non -
governmental regulations as an infringement on their freedom as a farmer. In contrary, a
few farmers see these regulations as an opportunity to perform better than their
colleagues do . These farmers, or better  -said entrepreneurs, see opportunities rather than
threats. A changing busines s environment creates chances to outperform their
colleagues. These farmers have the opinion that the ability to adapt is something that is

connected with being a farmer or being an entrepreneur.

Citizens elect the government;  therefore, there is a strong connection between citizens
and the government. The dairy farmers see a strong connection between the government

and the regulations. Bos et al. (2008) concluded already that citizens have a low trust in

dairy farming. The results of this research show als o that there is a weak connection
between citizens and dairy farmers. It is not surprising that most multifunctional dairy

farmers perceive a stronger connection between them and citizens than their specialized

colleagues. The figure below shows a quick ov erview based on the information above and

based on the focus group FCMb&s

entrepreneur

Both positive and
negative effect  Strong influence

Strong Governmental
and non

effect Freedom
governmental

Negative effect

e stufficient
income

Figure 7: The network around governmental policy network
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4.3.4 Personal risk
Personal risk was not extensively elaborated during the individual conversations. But the

farmers that named it, valued it as high ly important. It seems that this risk is assumed
as filogico. It seems that farmers do not name
impact on all goals. On family farms, the entrepreneur or farmer is the central person. If
this person is not able any more to fulfill the job, the farm will stop rather quickly. This

became clearer during the focus group of the specialized dairy farmers. The farmers
linked their health to many fa ctors. The figure below shows a n overview of the

information above.

(freedom

Good health
(persona)

Be an
entrepreneur

Have
sufficient
income

Figure 8: The network around personal risk

4.3.5 Subsidy  risk
Subsidies are a special kind of policy risk. Policy risks are often rela  ted to governmental

regulations. Subsidies are basically another category of policy. We name it separately

because it is named in another structure in the maps. Subsidies are hardly named during
the individual conversations. There was no difference between the two groups. During
the focus group of the specialized dairy farmers , itis named. The figure below originates

from the focus group FCM of the specialized dairy farmers. It shows that farmers have an
influence on subsidies (whether or not they apply fo r subsidies. At the same time,
regulations have an influence on the subsidies because the farmers are discounted on

their subsidies when they violate regulations.
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Be an
entrepreneur

Regulations

Have
sufficient
income

Figure 9: The network around subsidies

4.3.6 Margin  risk

The word fimargind is not named at alll during the who
overl ooked because fAihave sufficient incomed is named.
but the margin is included in the income. Also, cost price and  technical results are

mentioned as an influence on the goal of having sufficient income. If we combine all
t hese, we can conclude that the specific word fdAmargi

captured in other terms that together capture the margin.

4.3 .7 Land risk
Land is named by Wauters et al., (2014) as a perceived high risk factor by dairy farmers.

With Al andd is referred to the availability of | and a
of the land price.  The price of land is directly linked t o the availability of land. The price

of land is linked to the price of roughage which is an important input for the production of

milk. Land is not named as such in any FCM, not in the individual FCM neither in the

focus group FCM.

4.4 Differences in ris k perception
Two methods are used to compare the specialized and the multifunctional dairy farmers.

Social FCM is used to analyse individual FCM maps and merge s these to one general
map. Secondly, with th e focus group FCM the differences between the groups based on

the group process can be analysed.

4.4.1 Differences based on social FCM
The multifunctional social FCM shows four key nodes with the most connections with

other nodes: regulations, freedom, sel f-employment and milk price/income from milk.
ARegul ationso is the most connected to other nodes.
regulations as a threat to their i ncome. Node dAmil k
named in relation to income. This map stresses again the importance to see risk in a

broader perspective than only the relation towards income. Income risk is an important
factor, but many other factors play a role like freedom and self -employment. The social
cognitive map of the specialized dairy farmers also shows key nodes: regulations,

entrepreneurship, sufficient income and illness cows. The most named are the relations
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Acost priceo, Aimi |l k priced and price of cal \neso t ow:
addition, four out of ten farme  rs named the health of the cows on the goal pleasure of

working with cows.

4.4.2 Differences based on focus group FCM

The f ocus gr ouare skrfxiBidgly similar. The m ultifunctional dairy farmers have
one extra goal compared to specialized dairy farme rs: contact with people. Nevertheless,
the specialized dairy farmers also see it as their responsibility to inform citizens or

consumers about the farm as an entrepreneur. The only difference is that specialized

dairy farmers did not name their relation to wards the neighbourhood. Specialized dairy

farmers describe the farmland as one of the key factors to obtain good technical results.

Furthermore, the specialized dairy farmers name subsidies as an important factor for the

goal fihaving suf f i gltifuactianal dainycfarmeesodescribe more factors

around t he goal Afentrepreneur shipo. According t o t

reacting and growth are connected to entrepreneurship.

4.5 Risk mapping as communication tool
We analysed t he method of ris k mapping as a communication tool in two ways, both

individual ly and in a group . All twenty farmers  where asked about their opinion about the
research method. Furthermore, the impressions of the researcher are used for the

analysis of FCM as communication tool.

4.5.1 Theindividual processf romthe perspective of the farmers
Most of the visited dairy farmers are positive towards the interview method that is used

during the conversation. The most freqguent response
think about t h e s u b j Ehe moment that farmers needed to mark the different
connections, new information came up. The mark itself is not of high value . According to

Kok (2009) it is strongly influenced by the moment of the rating. Also, everybody has

another percept ion of certain values. We see the mark as a useful tool to let people
think . The participant is forced to think in depth to be able to give a value to a
connection. FCM  brings structure into the conversation. Feedback of dairy farmers
learned that they per ceive the nodes on the map as recognition points in the
conversation. It gives them a good structure during the conversation. It also makes
immediately clear what is already discussed. From there on, new topics can be discussed
without repetition of alread y discussed topics. Finally, farmers see the created map as a
good way to replace minutes. Without the need to read long minutes, the created map

gives a clear overview about what is discussed.
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4.5.2 The individual process f rom the side of the researcher:
The mapping method gives the researcher handhold without sending the interviewee in a

certain direction. It also gives structure without the listing of questions upfront. This

structure is needed in order to prevent repetition and to not forget subjects.

The mapping method gives opportunities in conversations with people who do not talk

much. These people can look to the risk map to see whatthey already said. Some people
tend to give short answers on questions , but with the use of the map they need to ta Ik
about connections, which  cannot be answered with short answers. Conversely , the use of
the risk map has advantages in conversations with people who are long -winded. Still, the
researcher will need good interviewing techniques but the researcher can refe r back to

the map all the time. This will help to keep the conversation on track.

4.5.3 Risk mapping in the group process
Risk mapping as a method to organise a focus group is tested during two sessions . The

used approach ( described in paragraph 3.1.7 ) en sured that all participants where on the
floor. In both sessions, the farmers where enthusiastic and the focus groups resulted in a
great map s as described in paragraph 4.1.3 and 4.4.2. It is hard to conclude if FCM is the
best method to communicate during a focus group because we did not compare this
method with other methods. The results of this research only show that it is possible to

use FCM as an approach to  examine the risk perception of farmers.
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5 Discussion and recommendations

5.1 Potential dis advantages of FCM
As stated in paragraph 3.1.6, FCM has some drawbacks. First, the interviewer can

influence the results significant ly (Eden, 2004). In this research, the researcher
constructed the FCM live. The respondent named issues and the researcher pu t this on
the paper. It is difficult to determine when something should be put on the paper. Not

everything the respondent says needs to be in the map. A subjective process str ongly
depends on the researcher. However, this process is less subjective than c reating
based on transcripts. The respondent is involved in the process of creating the map; this

in contrast to the creation of FCMO6s based on

evaluate the end product. Secondly, the ignorance and miscon ception of the farmer are

FCMOG s,

transcr

al | encoded in the maps (Kosko, 1992) . For exampl e,

during the whole research while other research found this as one of the risks. It could be

that margin is an underly ing risk of the named risk fihavisudg fi ci ent i ncomeo.

fivat-i f 0O reasoningbs can be modell ed, but Awhyobéso

Lee, 1998). The models show connections between nodes. The connections are valued

with a mark. However, the reason why there is a cert ain connection is not visible in the
map. Some information of the conversation s, both individual and in the group, is not
used while it could be useful. Fourthly, limited  statistical analysis is possible (Kok, 2009).
Therefore, the analysis is more subject ive. The outcomes of the research are different
maps. It is possible to compare these maps based on the number of connections and the

number of nodes. Furthermore, there are very limited statistical possibilities. Diniz et al.,

(2015) introduce a method to perform more extended statistical analysis on FCM but

there are many concerns about these methods according to researchers. FCM in the

context of risk and risk perception under (dairy) farmers has the most value because of

the visualisation of complex net works, not because of the statistical potential.

5.2 Boundaries of FCM
There are four potential boundaries of FCM. Firstly, the FCM is never complete. The

degree of detail is depending on the width of the research and the time available. Of

course, it is possible to create a complete FCM but this would need a large amount of

time. Within the scope of this research, the maps are not complete due to the shortage

of available time. Secondly, the farmer can forget risks that he does perceive. Partly
depending on the interviewing techniques of the researcher, the farmer can forget to

name some risks. In this research, the farmers received the work -out of the map by
email within a few days with the question to comment on it if there would be any
mistakes or short ages included in the map. Only one map was slightly adapted by the

feedback of the farmer. Thirdly, it could be that the farmer is not aware of a risk. These
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could be risks that are not known by the farmer, but known by other farmers,

researchers or stakeh olders or could be risks that are known by no one.

5.3 Limitations of FCM
First of all, the research is limited because FCM results in simplification of the reality. As

sai d, the FCMb6s in this research are not coaonp |l et e.
the information in the maps. Secondly, there are no standardized procedures and

surveys to construct FCM6 s . Paragraph 3Welnotdeelscr i bs
during the focus group that it is needed to apply stricter rules in order to increase the

quality of the research. For example, i t makes a difference if the researcher first tries to

reach an agreement about a certain node and then put it on paper, or that he put a node

on paper an d then tries to arrange an agreement. During this research, both approaches

are used but not according to a structured approach. Hence, a clear protocol should have

been constructed beforehand. Thirdly, due to the lack of procedures, the process was

more relying on the researcher. One researcher performed the research and therefore we

can assume that the process to become the FCM6és consi

speak about perceptions, these can be influenced by the cognitive biases. These are
tendencies to think in certain ways that can lead to systematic devi ations from a

standard of rationality.

The sampling is a good representation of the Alblasserwaard -Vijfherenlanden. However,
this is not a representation of all specialized and mu Itifunctional dairy farmers in the
Netherlands. This is because the area Albl asserwaard -Vijfherenla nden is not

representative for  the Netherlands. The area has slightly different regulations than other

parts of the Netherlands. Furthermore, religion plays an important role in this area. This

definitely influenced some individual FC Més and maybe also the focus grou

5.4 Social FCM and focus group FCM
The soci al FCM is constructed, based on the indiuvi

nodes is low, 0.9 for multifunctional dairy farmers and 1.0 for specialized dairy farmers.

This leads to islands of themes, which is not desirable. To prevent this from happening

again, it is recommended to increase the sample size with at least five extra farmers per

category or to decrease the width of the research. We see this already in the diff erence
between specialized and multifunctional dairy farmers. The specialized dairy farmers

perceive less different nodes. Therefore, the value of arrows to nodes is higher and the

number of islands of themes is lower than the social FCM of multifunctional dairy
farmers.

There are three issues of discussion at the focus group held. First, not all participating

farmers of the individual conversations participated in the focus group s. For the

specialized group, seven out of ten participated. For the multifun ctional group this was
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only three out of ten. It is questionable if three out of ten people give a fair
representation of the whole group. Secondly, the most participating farmers took their
individual map with them. They used it mostly in the finalizing p art to check if everything
was included in the map created with the group. This influences the final map in a certain

way. It is unclear what the exact effect is of this. Potentially, this harms the group
process. It could lead to map that consist of aggre gated individual maps. This, while the
focus group FCM should be a product of the group process. In this situation, the influence

of the individual maps was limited because they where only used in the finalizing part.

Thirdly, it is unclear if we reached c omplete perfect group consensus. Even though we
used a protocol (as described in paragraph 3.1.7 ) it could be that a participant was less

active during the focus group.

5.5 Rec ommendations for future research
Future research in this field could focus on t he comparison of different groups of (dairy)

farmers. We compared multifunctional dairy farmers with specialized dairy farmers. We
found that the specialized dairy farmers where rather similar to each other while
multifunctional dairy farmers where more di verse. This was challenging especially with
the creation of the focus group FCM.

We found evidence that FCM has great potential to use in the communication between
dairy farmers and researchers. More in general, we expect that there is great potential to

use FCM as a method to communicate about complex issues. FCM may be a method to
improve the communication between farmers, researchers, stakeholders or mutually.
Future research may focus specifically on this communication aspect and the advantage

of this .

This research shows that risk perception is a complex matter. Individual risks are
influences and/or are influenced by other risks. Together, this forms a network of risks

that are connected with each other. This research shows that risks cannot be treat
individually. This implies that risk should always be examined with taking into account

the network of surrounding risks.

Lastly, this research is performed only in a bounded area in the Netherlands. Therefore it

is not representative for the Netherlan ds. It would be interesting to use the same method

to investigate this in a sample that is representative for the Netherlands.

ed
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6 Conclusion

The main research question: what role can risk  maps play as a tool to give a holistic

view on risk perceptio n and as a communication tool for comparing specialized versus

mu Iti - functional Dutch dairy farmers ?

The results of the research show that the risk mapping method Fuzzy Cognitive Mapping

(FCM) can present a holistic view on risk perception. The live visual isation on paper of

spoken information enables to keep on track during conversations about complex

networks of information, like the network of risk perception. The produced maps can

present the results of the risk perception of both individual conversatio ns as well as

group conversations. It is possible to compare specialized and multifunctional Dutch dairy

farmers. Aggregated individual maps of both groups, s

are compared.

Research question one: what are the main goals o f Dutch dairy farmers?

The main goals of the dairy farmers are extracted from the individual maps. The results

show four main goals for specialized dairy farmers. Multifunctional farmers have one
additional goal. Not stated in order of importance, the goal s for specialized and
multifunctional dairy farmers are: (i) working with cows, (ii) be your own boss (freedom,

(iii) entrepreneurship and (iv) having sufficient income. The additional goal for

multifunctional dairy farmers is contact with people.

Resear ch question two: what are the different risks perceived by Dutch dairy farmers
and what are the relationship s between them?

While risk in literature is most of the time related to the income of dairy farmers, it is in
reality related to many more goals. Th e results show that the risks as such do not differ
much from the risks known from literature: production, price, governmental policy,

personal are the main risks perceived. To a lesser extent, the farmers perceive also

subsidy as a risk.  The participating  dairy farmers do not perceive margin and land as a

risk .

Research question three: what are the differences in risk perception between

specialized and m ultifunctional Dutch dairy farmers ?

Based on the social FCM we conclude that the key nodes of multifun ctional and
specialized dairy farmers correspond for regulations. Besides, multifunctional dairy

farmers had the key nodes of freedom, self -employment and milk price/income from
milk. For specialized dairy farmers these are entrepreneurship, sufficient inc ome and
illness of cows.

The differences b ased on the FCM created in the focus group are as follow s:
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The specialized dairy farmers describe the farmland as one of the key factors to obtain

good technical results. Furthermore, the specialized dairy farmers name subsidies as an

i mportant factor for the goal Ahaving sufficient i n
describe more factors around the goal fifentrepreneur sh
change, quick reacting and growth are connected to entrepre neurship.

Research question four: what role can risk maps play to help farmers and researchers

communicate about risk?

The results show that FCM helps in the communication. It gives structure in open
conversations without the need for a questionnaire list . It is a great way to present
results. It helps to present a holistic view on the risk perception of a farmer. The

advantage of FCM is the valuing of the connections. Respondents found it difficult to give
a value but at the same time, they explained that it forced them to think about the

aspect in -depth.
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Appendix 2 | ndividual FCM specialized dairy farmers
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