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Abstract
This paper describes and evaluates a process of using qualitative field research data to extend the pre-existing FEARLUS agent-based
modelling system through enriching its ontological capabilities, but without a deep level of involvement of the stakeholders in designing the
model itself. Use of qualitative research in agent-based models typically involves protracted and expensive interaction with stakeholders;
consequently gathering the valuable insights that qualitative methods could provide is not always feasible. At the same time, many
researchers advocate building completely new models for each scenario to be studied, violating one of the supposed advantages of the
object-oriented programming languages in which many such systems are built: that of code reuse. The process described here uses coded
interviews to identify themes suggesting changes to an existing model, the assumptions behind which are then checked with respondents.
We find this increases the confidence with which the extended model can be applied to the case study, with a relatively small commitment
required on the part of respondents.
Keywords: Agent-Based Modelling, Land Use/Cover Change, Qualitative Research, Interdisciplinary Research

Introduction
1.1

In this paper, we suggest a methodology for using qualitative research to inform the incremental development of an agent-based model of
land use change, showing explicitly how research findings are related to modelling decisions. Agent-based modelling is particularly well
suited to studying coupled human-natural systems (Hare and Deadman 2004). Boulanger and Bréchet ( 2005), highlighting the promise of
agent-based modelling in the study of sustainable development, note that it allows an intuitive representation of the environment and the
embedding of agents within it. Parker and Meretsky (2004) contend that agent-based models can capture dynamic feedbacks among land
use patterns, spatial location and land use composition. Bousquet and Le Page (2004) conclude that researchers in ecology and the social
sciences can use agent-based modelling to study the interactions among spatial, network and hierarchical levels of organisation, a view
supported by Huigen (2004). There is also a considerable body of literature on land use change across the social sciences, and increasing
pressure from funding bodies to integrate not only research findings from other disciplines, but to undertake interdisciplinary work that will
result in data that are useful to multiple fields. The methodology used here was developed in conjunction with a rural sociologist, and used
to ground a largely abstract model in empirical evidence.

1.2

The work was conducted as part of the CAVES (Complexity, Agents, Volatility, Evidence and Scale) EU project, which ran from March
2005 to April 2008. The purpose of the project was to study complexity, taking responses to shocks in coupled human-natural systems as
the research domain. The project gathered evidence from three case studies: one in the Vhembe district in the Limpopo province of South
Africa, looking at AIDS; another in the Odra river valley in Poland looking at irrigation; and one in the Grampian region of Scotland. The
focus of the Grampian region case study was on land use change patterns in the Upper Deeside region of North East Scotland (figure 1)
between the mid 1980s and 2030. Specific foci were on the drivers and processes of land use change, and the particular role of social
networks in these processes. The case studies were used to inform the development of three agent-based computer models, which were
then to be used to examine statistical signatures of complexity. This paper concentrates on the work done for the Grampian case study
and the development of its associated model, rather than issues of complexity.
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Figure 1. Map (courtesy of Freemap) with the approximate location of the Grampian case study area highlighted
using an orange ellipse.
1.3

The phenomenon of particular interest in the Grampian case was the apparent resilience in land use and land ownership change to various
shocks over the past 20 years: changes to the EU Common Agricultural Policy (CAP) in 1992 and 1999, the exit of sterling from the
Exchange Rate Mechanism (ERM) in 1992, the Bovine Spongiform Encephalopathy (BSE) epidemic, and the foot-and-mouth outbreak of
2001. These could be expected to result in considerable changes to land use. Instead, farmers in the region largely continued to produce
what they always have: beef and lamb, with some arable crops primarily used as livestock feed. Possible reasons for this resilience include
unsuitability of land for other commodities, uncertainty over the permanence of the identified 'shocks' and the difficulty shifting from one
commodity to another particularly in terms of livestock. However, the academic literature also identified a number of sociocultural reasons
for this lack of change. Burton's (2004) work just north of the study site found underlying cultural sources of resistance to change, hinging
on an embedded farming culture of independence and maintenance of farming traditions. Shucksmith and Herrmann's (2002) paper also
based on responses from farmers near and in the study site, emphasised the differential responses of farmers: given similar situations,
specific cohorts of farmers respond differently (e.g. supplementing income through off-farm employment versus expanding production to
create economies of scale). Only a small subset favoured experimentation with new business options. It was therefore decided to address
primarily sociocultural issues empirically as a means of grounding the model.

1.4

Robinson et al. ( 2007) review various methods for building empirical agent-based models in the domain of land use change. Of these,
participant observation and 'companion modelling' (Barreteau et al. 2003 ) are qualitative, involving narrative rather than statistical analysis
of evidence. Both are varieties of participatory agent-based modelling, in which members of the study population become actively involved
in model design and validation (e.g.Bharwani et al. 2005 ). Participatory ABM is one of a suite of tools applied to environmental integrated
assessment (Hisschemöller, Tol and Vellinga 2001 ). Whilst Robinson et al. ( 2007) note problems with generalisation among the
weaknesses of these techniques, a further issue is the considerable amount of interaction with stakeholders involved. This entails an
investment of money and time by researchers and stakeholders that will not always be available, particularly if some parties are
unconvinced of the benefits. Farmers especially, busy for most of the year, can be wary of engaging in such processes. Further, where the
project is committed to a particular framework or theoretical basis for modelling, as in CAVES where the emphasis was on complexity,
allowing stakeholders too much influence over model structure could result in a model inappropriate for the study originally funded (for
example, if the model exhibited none of the statistical signatures associated with complex systems). Indeed, stakeholders may in any case
not have been convinced that academic study of complexity was sufficiently relevant to justify their personal participation. Instead, it was
decided to use a qualitative strategy that collected data through interviews on the topic of decision-making and change processes, rather
than asking participants to give input directly to the model.

1.5

Qualitative research techniques extend beyond participatory approaches, and include qualitative interviewing, discourse and conversational
analysis, and analysis of texts and documents (Bryman 2008), although interviewing is the most favoured tool ( Denzin and Lincoln 1998).
There is no widely agreed definition of qualitative research, but most proponents include an emphasis on research which is inductive
(theory generated from data), interpretivist (reality as socially constructed) and emphasising meanings and descriptions. As such, the
resultant data are typically composed of words and images, rather than numbers. The choice of qualitative, as opposed to quantitative
(number based) methodologies, depends on how the data will be used: where statistical treatment is required, such as for model
parameterisation, quantitative methods are the better choice. Qualitative approaches may also be used when quantitative data are not
available or are too expensive to obtain, and the lack of quantification is not too significant an obstacle.[1] Qualitative interviewing is
particularly useful for studying complicated relationships and slowly evolving events or processes (Rubin and Rubin 1995 ) and can
therefore be seen as useful for informing model ontology. Findings from qualitative research tend to be specific to the population studied:
an advantage when considering issues affecting a particular population, but a disadvantage for generalisation. However, Mason (2002)
argues that qualitative research can be generalised: that concepts and theories generated from the research should have relevance
beyond the study site, even if the precise data cannot be replicated.

1.6

Here, we are interested in making improvements to the FEARLUS (Framework for the Evaluation and Assessment of Regional Land Use
Scenarios) agent-based model, which pre-existed the CAVES project, to better fit it to the requirements of the Grampian case study.
FEARLUS was first conceived in 1998, and on-going work with FEARLUS has explored the relative performance of various heuristic
strategies for choosing land uses in different environmental contexts (Polhill, Gotts and Law 2001 ; Gotts, Polhill and Law 2003 ; Gotts,
Polhill and Adam 2003; Gotts et al. 2003 ; Gotts and Polhill 2009b ). Other work has explored the use of collective rewards in managing
pollution from land uses (Gotts and Polhill 2007 ), and more recently FEARLUS has been coupled with an ecological metacommunity model
to explore the impact of land use policy on biodiversity (Polhill et al. 2008 ).

1.7

There were good reasons to believe that the case study would be a reasonable fit to the functionality provided by FEARLUS: both the case
study and the modelling system pertain to land use decisions made by farmers. However, there were also reasons to expect that we would
have to make changes. Boero and Squazzoni (2005) suggest three broad categories of agent-based model: 'theoretical abstractions',
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'typifications' and 'case-based models', proposing FEARLUS as an example of the second kind. These categories cover a spectrum from
conceptual to empirical agent-based models. In being applied to a specific case-study, changes would be needed to enable FEARLUS to
work closer to the empirical end of the spectrum.
1.8

With any new scenario, there is the question of whether to use existing modelling software, or to create a new model. One of the supposed
benefits of object-oriented programming is the reuse of code (Lewis et al. 1991 ). The advantage of adapting an existing piece of software is
that previously tested functionality can be preserved. The disadvantage is that legacy functionality is imported with it, and design issues
associated with that functionality may inhibit the creation of desired features in the new model. However, given sufficient correspondence
between the desired features of a model of the scenario and an existing piece of software, the effort required to change the existing
software to meet the requirements will probably be less than the effort required to build a wholly new model. Given a fixed amount of time,
therefore, an adapted piece of software will have more of the required features of a model for a scenario than a new piece of software
would. Frenken (2006), advocating a method for building models he terms 'TAPAS' (Take A Previous model and Add Something), points
out that incremental modelling strategies are more successful, faster to build, and easier for others (presumably familiar with the previous
model) to understand. This is the approach adopted here.

1.9

The paper is structured as follows. In the next section, we describe the FEARLUS modelling system prior to making changes to better fit it
to the Upper Deeside region for the Grampian case study of CAVES. A methodology section then outlines the qualitative interviewing
approach, how the evidence was then used in making changes to FEARLUS, and how the assumptions behind these changes were
subsequently checked with respondents. In contrast to the normal approach in describing how a case study and a model interrelate (in
which the case study is described in one section, and then the model in another), we use the results section to show in a detailed and
systematic way how findings did or did not lead to changes to FEARLUS. These changes, and the checking of them, are indeed the results
of this piece of methodological research. A discussion and conclusion follow.

The original FEARLUS modelling system
2.1

This section describes the FEARLUS modelling system before changes were made from the qualitative research findings discussed in this
paper. Entities in the model are indicated using a fixed width font.

2.2

A FEARLUS model consists of a raster Environment of Land Cells, each representing a square region of fixed area. A Cell's
neighbourhood is determined by parameters to the model, which include Moore and von Neumann options (Figure 2). Each Cell has
associated Biophysical Characteristics , representing local conditions affecting Yield. Cells are grouped into
Land Parcels—each Land Parcel is a unit of decision and ownership, having one Land Use, and one Land Manager.
One Land Manager may own several Land Parcels at a time. The neighbourhood of a Land Parcel P is the set of Land
Parcels with Cells neighbouring Cells of P .

Figure 2. (a) Von Neumann and (b) Moore neighbourhoods of cells in a raster
grid.
2.3

Each Year, Land Managers make Land Use decisions about the (one or more) Parcels they own, and experience the
consequences of those decisions (Figure 3). There are four consequences. First, a Government agent may issue rewards or fines to
Land Managers according to its Policy . Second, the Land Managers accumulate money to their Account by harvesting
the Yield from their Land Use decisions. The Yield is influenced by the Biophysical Characteristics of the
Land Cells of the Land Parcel (which are constant over time), and a Climate that changes over time, but not over space.
The Economic Return is influenced by the Yield and the state of the Economy, which like the Climate changes over time
but not over space. (Figure 4 shows the layers of spatial representation in FEARLUS.) The Climate, Economy and
Biophysical Characteristics are all exogenous driving variables of the model. The amount accumulated to the
Account of a Land Manager is the total Economic Return from all their Parcels, less a Break Even
Threshold per unit area, to account for costs of running the farm. Third, some classes of Land Manager may Approve or
Disapprove of each other. Finally, Land Managers with less than zero Account are declared bankrupt, and sell all their
Parcels, which are then bought by neighbours or by in-migrant Managers in an auction. A detailed discussion of the system for
exchanging Land Parcels in the Land Market is given by Polhill, Parker and Gotts ( 2005; 2008).
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Figure 3. Loop of a single Year in a FEARLUS schedule, characterised as aLand Use decision and subsequent
action carried out by each Land Manager, followed by a series of consequences. UML activity diagrams
(Booch, Rumbaugh and Jacobson 1999) in each action/consequence box give some details on the processes
undertaken at each step.
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Figure 4. Layers of spatial representation in FEARLUS.
2.4

Yield and Economic Return are both calculated using lookup tables. The Yield lookup table takes the Climate,
Biophysical Characteristics and Land Use as input, and returns the Yield per unit area as output. The
Economic Return lookup table takes the Land Use and Economy as input, and returns the Income per unit Yield as
output. FEARLUS offers considerable flexibility in configuring these lookup tables. Each of the Land Use, Biophysical
Characteristics, Climate and Economy can be described using an arbitrary number of properties, each property having an
arbitrary number of symbols. For example, a Land Use might have a 'commodity' property and a 'management strategy' property, with
the commodity property having symbolic values 'Wheat', 'Carrots', 'Turnips', 'Beef' etc. and the management strategy property having
symbolic values 'Organic', 'Conventional' and 'TransitionToOrganic'. In another scenario, the Land Use could be described using
different properties and symbols, however. Similarly, the Climate could be described using properties such as 'rainfall', 'temperature'
and 'variability' in one scenario, or 'length of growing season' and 'length of harvest season' in another. This flexibility in describing the
determinants of Yield and Income potentially enables FEARLUS to be fitted to the requirements of a range of different scenarios. The
disadvantage is that outputs must be supplied in table form for all combinations of inputs of Biophysical Characteristics ,
Land Use and Climate for Yield, and Economy and Land Use for Income . An example lookup table is shown in Table 1.

Table 1: Example lookup table for Yield, in a case study for which Climate is
described in a single property (also called 'Climate'), with values 'Bad', 'Medium' and
'Good'; Biophysical Characteristics are described in a single property
'GrazingQuality', with values 'Poor', 'Rough' and 'Improved'; and Land Uses are
described using two properties: 'Intensity', with values 'VeryLow', 'Low', 'High' and
'VeryHigh', and 'BoughtInFeedSupplements', with values 'None' and 'Lots'. The value in
the rightmost column is the consequent Yield per unit area, and there is one row for
each of the 3 × 3 × 4 × 2 = 72 possible combinations of property value symbols. (Not all
rows are shown here—ellipses are used to show one or more skipped rows.)
Climate

GrazingQuality

Intensity

BoughtInFeedSupplements

Yield

Bad

Poor

VeryLow

None

32

Medium

Poor

VeryLow

None

40

Good

Poor

VeryLow

None

40

Bad

Rough

VeryLow

None

32

Medium

Rough

VeryLow

None

40

Good

Rough

VeryLow

None

40

Bad

Improved

VeryLow

None

32

Medium

Improved

VeryLow

None

40

Good

Improved

VeryLow

None

40

Bad

Poor

Low

None

32

Medium

Poor

Low

None

40

Good

Poor

Low

None

40

Bad

Rough

Low

None

56

Medium

Rough

Low

None

80

Good

Rough

Low

None

80

…

…

…

…

…

Bad

Poor

High

None

32

Medium

Poor

High

None

40

Good

Poor

High

None

40

…

…

…

…

…

Good

Improved

VeryHigh

None

160

Bad

Poor

VeryLow

Lots

40

Medium

Poor

VeryLow

Lots

50
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Good
…

Poor
…

VeryLow
…

Lots
…

50
…

Bad

Improved

VeryHigh

Lots

100

Medium

Improved

VeryHigh

Lots

150

Good

Improved

VeryHigh

Lots

200

2.5

Land Managers each belong to one of possibly several Subpopulations, the latter determining parameters for the Land
Managers' decision-making algorithms. (Members of Subpopulations are all Land Managers.) Many of these parameters
are distributions, allowing Land Managers to be configured as individuals different from others in the same Subpopulation. A
FEARLUS model can consist of one of two classes of Subpopulation. One class is for configuring Land Managers using
Case-Based Reasoning (CBR;Aamodt and Plaza 1994 ) to choose Land Uses for the Land Parcels, another is for configuring
Land Managers using combinations of heuristic strategies for this task. Land Managers belonging to this class of
Subpopulation have been discussed at length in existing published work with FEARLUS, and will not be described further here.

2.6

Land Managers belonging to the CBR class of Subpopulation implement a simple social approval model. As well as having an
Aspiration for Profit , they have an Aspiration for Approval—recognition by the farming community that they are a
'good farmer' (Burton 2004). They also have rules determining whether or not they approve or disapprove of their neighbours; these include
the ability to approve or disapprove of certain Land Uses, and to disapprove of those using more polluting Land Uses than they
are. Land Managers count the number of times they have been approved or disapproved of, and their Net Approval : the
number of times they have been approved minus the number of times they have been disapproved. Two classes of CBR Land
Manager implement different conditions for reviewing Land Uses on the farm. That shown in the bottom left of Figure 3 is the
simpler, and is designed for runs where Land Managers only ever own one Land Parcel . A more complicated algorithm is used
in runs where Land Managers may own more Parcels: If the Net Approval is less than their Approval
Aspiration, then Land Managers will review the Land Uses of all Land Parcels they own using CBR. If the
Approval Aspiration is met, then the Managers consider each Parcel in turn. If the Profit on that Land Parcel
meets the Profit Aspiration , then the Land Use is not reviewed unless the Land Manager has just bought the
Parcel ; if it is less than the Profit Aspiration , then the Land Use of that Land Parcel is reviewed using CBR.

2.7

Land Managers using CBR have an Episodic Memory recording their Experience of Land Uses they have tried.
Each Experience records the Land Parcel , Climate and Economy, the Land Use tried, and the amount of Profit
made and Net Approval received. When reviewing the Land Use of a Parcel , a Manager generates an expected
Climate and Economy (by assuming no change from those the previous Year), and searches the Episodic Memory for
each Land Use to obtain the expected outcome ( Profit and Approval) were they to use that Land Use on the Parcel in
question. If they have no experience of a Land Use, they expect that the outcome will just meet their Profit and Approval
Aspirations . The expected Utility of each Land Use is then computed by weighting the expected Profit and expected
Approval by a contextually varying Salience. This determines the relative importance to the Manager of Profit and
Approval, and may be changed by a set of rules. Examples of such rules are: 'increase the Salience of Profit if the Yield is
less than a threshold'; 'increase the Salience of Approval if Net Approval is less than a threshold'; and 'decrease the
Salience of Profit if the Account is more than a threshold'. The Land Use (which may be the same as that applied
previously) is then selected at random from those with equal maximum expected Utility. If all known Land Uses are expected not
to meet Approval and Profit Aspirations , the algorithm will select at random among Land Uses not so far tried.

2.10

Each Land Use may have associated with it an amount of Pollution it generates on the Land Cells of the Parcels to
which it is applied. Two classes of Government agent are available, each creating a social dilemma if it is assumed that Land Uses
generating more wealth tend to be more polluting. Both classes of Government compute the total Pollution in all Cells of the
Environment , and issue a Reward to all Managers if this Pollution is less than a threshold. In one class, the Reward is
issued per Farm (so Managers each get the same amount regardless of the number of Parcels they own), in the other it is issued
per Parcel .

2.11

Figure 5 shows a screenshot from a model run based on a configuration derived from data pertaining to the Grampian case study.
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Figure 5. Screenshot from a model run. On the left hand side, starting at the top, the rasters show the spatial
distribution of the most recent Land Use, Biophysical Characteristics (grazing quality in this case), and mode of
decision-making. Clockwise from the top right, time-series graphs show Pollution, distribution of the Accounts of
Land Managers, bankruptcies, Land Use history, and decision-making mode history.

Methodology
3.1

The purpose of the Grampian case study is to draw on field research to inform and develop the existing FEARLUS modelling system, with
a view to generating scenarios of possible future land use patterns that would be used to study complexity with an evidence base.
Qualitative research was conducted in two stages: first to gather the evidence used to inform a series of refinements to the pre-existing
FEARLUS modelling system to create a framework capable of modelling the CAVES Grampian scenarios with an acceptable level of detail;
second, to check the assumptions behind the ontological changes made to FEARLUS with the respondents. The qualitative findings
themselves were validated separately through rigorous application and documentation of methods (see Silverman 2001). Overall, the
method takes an iterative approach, in which questions to be addressed in qualitative interviews are derived from issues arising from model
development, and changes to the model are suggested by findings from qualitative interviews. Figure 6 summarises the process.

Figure 6. Summary of methodology. The dashed line represents the boundary between the model and the real
world.
Collecting qualitative data
3.2

Methodologies in qualitative research are far from being ad hoc, so those gathering evidence and analysing it in such an exercise should
be trained in qualitative research methods to ensure they adhere to recognised standards of research, and understand how to interpret their
findings rigorously. The quality of results depends on a well informed research methodology, as is characteristic of any research process.
Rubin and Rubin (1995, p.2) raise the following questions to illustrate the meaning of an informed methodology:
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How do you think of questions for a topic that you have chosen? How do you get people to stay focused on what you want to
hear about? Whom do you interview and why? How can you trust what people are telling you? On a more technical level,
how do you persuade a person to become an interviewee? How specific should a question be? Is the wording too biased?
How do you get people to elaborate on what they say? How do you put together different tellings of the same event? When
do you take on-scene notes and why should you rely on memory? Do you use a tape recorder or a camcorder?
3.3

Numerous books have been written on the topic of qualitative research (see in particular Mason 2002; Rubin and Rubin 1995 ; Silverman
2001); only a few basic principles will be included here. The first step in any research process is to identify the research questions, and the
most appropriate means for addressing them. In this study, the research questions were very general: nature and causes of land use
change in the study site, and role of social networks in these. Qualitative interviews were chosen in order to facilitate identification of a wide
range of influences on land use, and exploration of social dynamics in relation to land use change.

3.4

This study focused on interviews from (i) key informants [2], (ii) active farmers, and (iii) their identified successors. In quantitative work, the
sampling frame would be defined statistically, in order to determine representativeness, and therefore validity of results. For qualitative
work, validity and reliability need to be achieved through different means, in this case the use of these three 'types' of interviewee, in order
to allow comparison of responses by interviewees with different perspectives ('triangulation'). In general qualitative research methodologies
seek as wide a diversity of respondents as possible; triangulation confirms a finding through different types of respondent making much the
same point.

3.5

It was particularly important to include key informants, as literature had already demonstrated that farmers may deny social influences due
to cultural norms of independence, even when these social norms are clearly evident to industry experts (Burton 2004). Due to the small
number of respondents typically drawn on in qualitative work, respondents are often selected initially on the basis of recommendation: an
individual in the study site who is familiar with most possible respondents and can therefore identify which are most likely to have
experience with the study topics and represent different viewpoints, and perhaps more importantly, be willing to discuss these [3]. From the
initial recommendations, further candidates are identified by the interview respondents themselves, a process referred to as 'snow-balling'

(see also Burton et al 2008)[4]. To ensure that interviewees did not represent a single farming type or social circle, initial interviewees were
recommended by two key informants with very different connections in the study site: a Scottish National Farmers' Union representative
and a Farming and Wildlife Advisory Group representative. Interviewing continues until a point of 'theoretical saturation' is reached: no new
insights are being revealed through the interview process (Bryman 2008). In this research, interviewees included 24 farmers and 6 of these
farmers' successors. Eight key informants from a range of farming service providers (e.g. accountant, bank manager, agricultural advisor)

were also interviewed. The interviews were recorded[5] and transcribed either in full or in note form, depending on the length of the
interview, which ranged from 45 minutes to 2 hours. Interviews were conducted in the Upper Deeside region (Finzean to Braemar—see
figure 1) of north eastern Scotland. Pilot interviews were conducted from February-April 2006, with primary field research in June-July 2006
and from November 2006 to March 2007. This reflects several phases of research, which were scheduled into periods of high farmer
availability, and allowed for a process of discussion and further questioning with the modelling team.
3.6

Qualitative research is typically iterative, meaning that research questions evolve over the course of the research project, as new findings
emerge (Rubin and Rubin 1995 ). There must be flexibility in the interview topics and format, to ensure detailed exploration of the range of
topics and processes raised by respondents. In this study a question guide was used to structure the interviews. The final question guide
can be found in Appendix 1. This guide identified basic questions, which were then followed up with further open-ended probing of topics
raised by the interviewees.

3.7

The guide was formulated in conjunction with the agent-based modelling team in late 2005, and evolved over the course of the interviews.
Mason (2002 p. 69-72) sets out the basic approach adopted in this study. Major topics for exploration (in this case, causes of land use
change and patterns of reciprocity) were broken down into questions addressing specific issues of interest, largely based on academic
literature. A structure for the interview was developed, designed to put the respondent at ease (beginning with 'easy questions' about
demographics and change on the farm, and progressing to less concrete discussion of informal exchanges and interactions).

3.8

The interview itself is flexible: the interviewee may raise issues spontaneously, and it is up to the interviewer to decide whether to explore
the issue at the time it is raised, or to return to it later in the interview. Specific methods to expand (through open ended questioning, asking
for specific examples of phenomena mentioned by the interviewer, or suggesting possible alternatives to the scenario presented) or limit
(through closed ended questions, redirection or body language) the interview are used, as appropriate to the talkativeness and focus of
individual respondents. As a consequence, it is inevitable that no two interviews will contain exactly the same questions or cover precisely
the same ground.

3.9

It is basic research ethics to explain the recording process and gain the interviewee's consent prior to the interview beginning. Most
processes include a confidentiality agreement, in which the interviewer and interviewee agree on who may access the transcribed
information, and what purposes it can be used for. In this case, participants were informed that the transcriptions were accessible solely to
the research team, and limited to academic use.

3.10

The analysis process involved comparing responses from different interviewees, and interviewee types, looking for the range of issues
identified, underlying concepts, evident responses to the research questions, any new questions or topics of interest which arise, and links
between different ideas. Use of data analysis software to facilitate this process is now standard practice, and in this case NVIVO was used.
NVIVO software enables typed transcripts of interviews (or indeed any text or image) to be 'coded'—sections of text are assigned to topical
'nodes', such that all of the sections of text assigned to the node can be viewed as a group. For example, a node entitled 'decision-making'
would contain all of the interviewees' comments relevant to decision-making, making it easier to review these together. Information from
nodes can then be organised into a matrix, with columns corresponding to several nodes of interest, and rows to respondents. The analyst
can then easily compare individual responses across the selected topics. This may be done several times to look for different relationships,
or different questions. It is important to note that the purpose of the exercise is not to determine how many respondents have the same
responses, but to look for links between similar responses, and the range of issues identified by respondents who appear similar in some
respects. This process is typically used to provide foundations for a sociological paper (for an example based on the data used in this
process, see Sutherland (2010). Integrating qualitative findings into the model is further discussed in the next section.
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Changing the modelling system
3.11

Findings from the qualitative evidence-gathering exercise were used to create a discussion document outlining a set of proposed changes
to the ontology of the FEARLUS modelling system and how they might be implemented algorithmically. This was used in deciding which
changes would actually be made, based on the importance of the change, the amount of effort required to make it, and the time available.

3.12

The field researcher and model developers also met regularly to discuss findings and their potential implications for the model structure.
Sometimes, these discussions led to different questions being asked in follow-up interviews, completing the iterative loop of integrated
evidence gathering and model development. For example, the slow farmer response to changes in profitability of specific commodities was
identified during initial interviews. Discussion with modellers raised the question of parameterisation: how much time lag could be expected
in specific circumstances. Subsequent interviews identified the length of time it would realistically take for a farmer to change commodities,
and how this varied between commodities. This yielded the finding that establishment of a beef or dairy herd would take five years, while
changing a field crop could be achieved in one.

3.13

For various reasons (including the use of FEARLUS in other work (e.g. Gotts and Polhill 2007 ; Polhill et al. 2008 ), it was desirable to retain
backward compatibility of the FEARLUS modelling software. This also meant that if a change was not supported when checked with
respondents, the associated functionality could be switched off.

3.14

It is important to note that there is no established methodology for implementing qualitative interview findings in agent-based (or indeed
other) models. The approach taken here was to consider options for the implementation of each finding, with a tendency to prefer simpler
options. Such a prejudice has been criticised (Edmonds 2007), however, our concern was primarily with whether the phenomenon
occurred in the model—we were unable to justify more elaborate implementations from the qualitative research findings we had.
Checking the changes

3.15

There is much dispute over the degree to which measures of reliability and validity—the hallmarks of quantitative research-can be applied
to qualitative work. Two of the most common approaches for qualitative research are triangulation and respondent validation. Triangulation
involves the use of multiple sources of data to corroborate data or findings (Bryman 2008). Respondent validation involves returning the
research to respondents to validate either the original transcripts, the researcher's analysis of transcripts, or sections of resultant academic
texts (Bryman 2008). Silverman (2001) is critical of these approaches, arguing that both involve removing the original data from its original
or intended context, and thus losing some of its value. Silverman (2001) argues instead for rigorous application and documentation of
methods—a process that would not be regarded as 'validation' by those more familiar with a quantitative understanding of the term (Rykiel
Jr. 1996). This approach was used to validate the qualitative study findings. Triangulation was also undertaken through the use of key
informants, farmers and successors, as well as comparison to similar academic research. However, we recognised that the translation from
qualitative research finding to modelling principle could result in a loss of accuracy. Thus, we decided that checking the changes by
returning the assumptions behind them to the respondents would most appropriately demonstrate the credibility of new model
components.

3.16

To implement the return of findings to the study respondents, a questionnaire was derived from model components and assumptions. The
opportunity was also taken to check some pre-existing processes within FEARLUS, such as the range of factors included in calculating
farm profitability. However, consistent with the TAPAS approach, the emphasis was on demonstrating improvements to the model's
ontology arising from changes derived from the field research. The questionnaire covered the comprehensiveness and relative importance
of the proposed factors influencing land use change, and the decision-making process. Since the purpose of the exercise was to check
(changes to) the structure rather than the behaviour of the model, outputs from the model were not given to respondents for validation; the
focus was instead on processes within the model, and, to a lesser extent, input to it, such as the classification system used for agricultural
land. This is broadly consistent with the first half of Moss and Edmonds's (2005) 'cross-validation' procedure: checking the rules of
behaviour at the micro level qualitatively, whilst using statistical methods to validate the emergent behaviour at the macro level.

3.17

In this checking phase, questionnaires were completed with eight respondents from the primary field research (five farmers and three key
informants), between April and July 2007. The farmers were selected to represent a range of tenures (tenanted and owner operated), ages
(41-70), and approaches to farming (traditional and farm expansion-oriented) which were most common among study respondents. These
also correspond to the 'conservatives' and 'accumulators' identified in Shucksmith's (1993) study of farmers in Grampian region, in which
the study site was located. The key informants were also chosen to reflect different perspectives. These individuals were a farm business
advisor, an environmental programme advisor, and a representative from the Scottish National Farmers' Union. No factors (estate
managers) or farm successors were drawn on for checking, as the variety of their responses in the primary field research suggested that a
single representative of either group would be unlikely to typify the perspective of the whole. The questionnaire involved a variety of
approaches, including open-ended questions, ranking of identified factors, and weighting of responses.

Results
4.1

The results of the exercise are presented in three tables, with a view to documenting more specifically how findings, model implementation
and checked statements are related than is current practice in modelling literature. Table 2 summarises the findings from the primary field
research as they relate to changes to the model, with a column reserved for indicating how the changes were checked. In some cases it
was possible to accommodate the finding by changing model parameters, rather than model structure. "Checked statements" represent
statements to which respondents were asked to 'strongly agree' (SA), 'generally agree' (GA), 'disagree' (D), or 'strongly disagree' (SD),
which is shown in the "Response" column. Table 3 outlines changes made to the model related to findings that were not checked with
respondents through the questionnaire for one of three reasons: the finding is relatively obvious, the change to the model is difficult to
check, or support for it can be obtained in the literature. Finally, Table 4 details findings that did not result in a change to the model, and
were not already implemented.

4.2

The following summarises the changes made to FEARLUS:
Farm-Scale Fixed Costs added to the economic model.
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Enabling Land Manager agents with case-based reasoning to also use heuristic imitative and innovative decision-making
algorithms.
Land Manager agents wait for a number of consecutive years of unsatisfactory performance with a Land Use before making
changes.
Off-Farm Income added to the economic model.
Land Manager agents may seek 'advice' from neighbours if their case base has no example of a Land Use matching their expected
situation.
The condition for meeting Social Aspiration is based on the mean Net Approval from those Managers not disapproved of only.
Land Managers have a small probability of selling up even if they are not bankrupt.
Time and size limits are imposed on the cases bases of Land Manager agents.
4.3

A full account of the functionality available in the most recent version of FEARLUS, incorporating all the changes outlined here, can be
obtained from the user guide (Polhill, Izquierdo and Gotts 2008 ).

Table 2: Results from the qualitative research, the consequent changes to the model, the statement validated
and the degree of agreement among the respondents.
Finding Description

Implementation in model

Checked statements

In ordering the factors which
farmers take into
consideration when changing
commodity, the profitability of
the new commodity is of
primary importance

Already in model:
parameterisable using the
Salience of Profit
over Social Approval

"Please order the
8/8 (GA or SA):
following one to ten, where Profitability was
one is the most important consistently ranked first.
reason for changing to a
new commodity, and ten is
the least important."

Farmers do not change their Already in model:
current crop or type of stock Aspiration
Thresholds
when their aspiration
threshold has been reached,
even if there are higher
prices in a different
commodity
Economies of scale: The
larger the farm, the more
they can produce with the
same equipment.

Response

"Farmers do not change a 8/8 (GA or SA):
current crop or type of
Unanimous support.
stock if they are satisfied
with the profit margin."

New: This is implemented "The larger the amount of
as a parameter (Farma commodity you produce,
Scale Fixed Costs), the cheaper it is to
which is subtracted from produce each unit."
all Land Managers when
calculating the Economic
Return. As an option, the
parameter can be given as
a time-series, loaded from
a file. Original behaviour is
enabled by setting this
parameter to 0.

5/8 (GA or SA):
Clarification that
economies of scale can be
limited by other aspects of
the farm business such as
land, labour and capital
availability.

Fixed costs per land use:
New: Fixed costs per
"There are fixed costs
There has been a marked
Land Use are
associated with each crop
decrease in the number of
representable using
and land use adopted in a
commodities produced on
economies of scale,
farming operation. The
individual farms over the past implemented thus: Each more different
two decades. This appears to Land Use is given three commodities produced,
be due to the fixed costs of parameters, used to derive the higher these are."
producing each individual
a co-efficient c in the
commodity.
range [0, 1] by which to
multiply the break-even
threshold per unit area for
that Land Use. When c is
0, there are no costs for
the Land Use, and when
c is 1, there is no economy
of scale. The three
parameters specify the

6/8 (GA or SA): While this
statement is generally true,
having more than one
commodity can spread
resources like labour over
the calendar year. Thus
while the fixed costs of five
commodities is higher than
two, having two
commodities can be more
efficient than having only
one.
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area below which c is 1,
the minimum value of c,
and the area above which
c takes the minimum
value; between the two
areas, c descends linearly
from 1 to its minimum
value. Original behaviour
is enabled by setting the
minimum value of c to 1.
Some farmers are more
innovative than others; new
commodities or technologies
are introduced by a subset of
the total population.

New: Facility for CBR
Land Managers to use
imitative and innovative
strategies. Each Land
Manager is given a
probability, taken from a
distribution at
Subpopulation level,
that when deciding the
Land Use of a Land
Parcel, they will use an
innovative or imitative
strategy rather than
consulting their Case
Base. Original behaviour
is enabled by setting this
parameter to 0 in all
Subpopulations.

Due to the high opportunity
cost of changing
commodities, farmers require
several years of poor returns
before changing
commodities.

New: Land Managers
"Farmers will accept
wait for a number of
financial losses for several
consecutive Years of
years before changing
failing to meet
their crop or type of
Aspirations before
stock."
reviewing Land Use on
the Farm. Each Land
"Farmers will continue
Manager is given a
producing their current
number of consecutive
crop or type of stock at a
Years, d, taken from a
small loss, if they see no
uniform distribution at
viable alternative except
Subpopulation level,
leaving the farm."
and keeps track of the
number of consecutive
Years, y, for which
Aspirations have not
been met. If y = d, then
the Manager reviews the
Land Use on all Parcels
they own. Profit
Aspiration is met if the
mean Profit per unit
Area meets a threshold
(obtained per Manager
from a distribution at
Subpopulation level).
Social Approval
Aspiration is discussed
in Table 3. This new
condition for reviewing
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"New crops or types of
stock are introduced by a
small number of highly
innovative farmers."

7/8 (GA or SA) (to both):
One farmer clarified that
many farmers are
innovators in some way.

"Other farmers watch to
see how successful these
innovations are, before
adopting the innovation
themselves."

6/8 and 7/8 (GA or SA)
respectively:
The same farmer
respondent disagreed with
both statements, arguing
that farms could not afford
to lose money indefinitely;
he agreed in principle that
there is a delay between
making a loss and
changing commodities.
The issue is therefore
about parameterisation of
time and amounts of loss,
rather than the principle
itself.

07/10/2015

Land Uses was
implemented using
subclasses, allowing
original behaviour to be
used if required.
Off-farm income can offset
losses from farming.

New: Each Land
Manager has a normal
distribution of Off-Farm
Income, a sample from
which is added to their net
Profit each Year. The
parameters for the normal
distribution (mean and
variance) are each taken
from a uniform distribution
at Subpopulation level.
Original behaviour is
obtained by setting the
minimum and maximum
mean and variance to 0 in
the Subpopulation
parameters.

"Off farm income allows
farms to stay viable
without generating a
profit."

8/8 (GA or SA):
Unanimous support.

Until the present time,
farmers would bid on
neighbouring land if they
have sufficient resources.
This is less likely to be true in
future, due to changes in the
Single Farm Payment (a
government subsidy).

Already in model: Land
Managers currently only
bid on (socially or
physically) neighbouring
Parcels.

"Farmers will always try to
buy neighbouring land
when it comes up for sale,
unless they are planning
to retire or leave farming."

5/8 (GA or SA): Consistent
with original finding,
respondents indicated this
was historically true, but
changes to subsidies now
make them reconsider.

Farmer types are
Already in model:
entrepreneurial, traditional, parameterisable as
pluriactive and
Subpopulations.
lifestyle/hobby/environmental

"Do these types seem
reasonable to you?"
"What other types of
farmers might exist?"

3/3(GA or SA): Agreed.
Key informant validation
only: all agreed with the
types, no further types
identified.

Categorisation of arable land Already in model:
into 'arable', 'arable grass',
parameterisable using
'woodland', 'improved
lookup tables
grazing' and 'rough or hill
ground'.

"What would you say is
the best way to categorise
agricultural land, in terms
of what it can be used
for?"

2/5 (GA or SA): Farmer
validation only. The other
farmers suggested
variations. From this
feedback, we surmise that
we need not distinguish
between grades of arable
land in the study site, and
that woodland is an
appropriate category.

Climate change with
Already in model:
differential impact by
parameterisable.
commodity and land use type

"How big a climate change Varying responses from
would have to occur for
the five farmers.
the amount of production
of your commodities to
change? Would this be an
increase or decrease in
production?"

There is social pressure
against certain land uses

Already in model:
parameterisable in
Social Approval
ratings.

Key informant ranking of Inconsistent response,
peer approval associated except in relation to
with specific activities.
organic farming.

Organic farming-social

Already in model:

"One reason farmers don't 4/8 (GA or SA): Suitability
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approval may limit adoption, parameterisable in
Social Approval
but land suitability and
perceived economic benefits rating.
appear more important

consider adopting organic
farming is because they
are concerned about what
the neighbours would
say."

of land and profitability
were considered more
important by several.
However, organic farming
was ranked as unpopular
with farming peers in the
key informant questioning.
Changing commodities:
Already in model: The
"When discontinuing a
6/8 (GA or SA): True in
farmers most likely to expand case-based reasoner will crop or type of stock,
most cases, but innovative
current production to
select Land Uses the
farmers are most likely to farmers may try something
increase economies of scale, Manager has experience expand production of
new instead.
rather than trying a new
of where these have a
another commodity they
commodity.
higher expected Utility already produce, rather
than any untried Land
than trying a new
Use.
commodity."

Table 3: Findings and changes to the model that were not checked with respondents, with the reason for not
doing so.
Finding

Change to the model

Reason for not checking

Farmers seek advice from 'good
farmers', not any neighbouring
farmer.

If, when reviewing Land Uses, a
Land Manager does not remember
a case where they employed a
particular Land Use, they may ask
neighbouring Land Managers for a
case. Land Managers will not ask
other Managers they disapprove of
for advice, nor give advice to
Managers they disapprove of. The
first case provided by a neighbour is
used to inform the Land Manager's
decision. Land Managers have an
Advice Strategy, derived from
their Subpopulation, which is an
algorithm to sort neighbouring
Managers in the order they will be
asked; e.g. in descending order of
the amount of Profit they made
last Year. To enable reproduction of
the original FEARLUS behaviour, an
advice strategy returning an empty
list is available, which prevents
Managers having any advice to
use.
Social Approval Aspiration
is met if the mean Net Approval
from Managers not disapproved of
meets a threshold obtained per
Manager from a distribution at
Subpopulation level. The mean
Net Approval operates over the
set A of neighbouring Managers
that the Manager has not
disapproved of, and is calculated as
the amount of Approval received
from A minus the amount of
Disapproval received from A,

Supported through literature review:
finding from Burton (2004). Key
informants support this contention,
but farmers are not likely to support
any finding that they seek advice
from peers, due to high cultural
levels of independence.

Farmers care only about the good
opinion of those they regard as
peers.
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divided by the cardinality of A. This
was implemented by subclassing
from the original CBR class of
Subpopulation, so original
behaviour can be obtained by
invoking the model using the original
class rather than the subclass.
Farmers do not have to go bankrupt Each Land Manager has a
Relatively obvious, although 'keeping
to sell their farms.
probability s of selling up in any
the name on the farm' is a significant
given Year, even if not bankrupt. If a motivating factor in staying in
random number in the range [0, 1] is farming even when business logic
less than s, the Manager sells all
might dictate otherwise.
their Parcels. The probability is
obtained from a distribution at
Subpopulation level. The original
behaviour is obtained by setting this
distribution so that it always returns
0.
Farmers do not have an infinite
knowledge of other farmers'
experiences. Neither are specific
personal experiences relevant for
decades, as commodity markets
change.

Limited Case Base size. Limits on Obvious.
both the number of cases and the
amount of time for which a case is
remembered can be set for a Land
Manager. The Case Base size and
time limit are taken from uniform
distributions at Subpopulation
level.

Table 4: Findings from the qualitative field research that did not lead to changes in the model, with explanations.
Finding

Reason for not implementing

Approximately half of the land in the study site is
tenanted (rented on a long-term basis) rather than
owned.

Tenanting would involve major changes to the land
market model in FEARLUS, and there was insufficient
time to make these changes within the CAVES project
timescales.

There have been very few new entrants to farming in
the case study area. It would therefore make sense not
to include a "new entrant" in the competition for land
parcels being reallocated. This is turn would require
that land abandonment be possible, if none of the
neighbouring land managers wants control.

Handling land abandonment properly would involve
significant changes to the way land uses are
represented in FEARLUS. Further, one possible
outcome of a shock to the system could be an influx of
land managers with different values, priorities and
behaviours.

The use of sources of information about land uses
other than neighbours.

There were too many sources of information identified
by respondents, which varied considerably between
respondents, and were accessible to widely varying
geographic areas. Further study would be needed to
identify principles of information access which could be
included in the model.

Farmer ability impacts considerably on farm profitability. Some aspects of differences that could indirectly reflect
ability among farmers are already represented through
other changes, such as limits to case storage. We
believed the descriptive gain relative to performance in
the model would be insufficient for it to be worth
implementing.
Including more specific detail on proximity of land and
expansion plans to decisions regarding land
acquisition.
http://jasss.soc.surrey.ac.uk/13/2/10.html
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is currently designed for.
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Including 'well established market for new commodity',
'suitability to current farm set-up' and 'opportunity to
benefit from government grants' as factors in decisionmaking about new commodity uptake.

This would involve significant changes to the algorithm
for experimentation during Land Use decision-making.
Farm set-up would need to be explicitly represented,
and a more precise definition of 'well-established' would
be needed. The effort required would be too great
given the time available in the CAVES project, relative
to the gain in functionality.
Succession is a concern on a number of farms. As
Succession would require representing farm
labour on farms decreased with mechanisation and
households in more detail than the current level.
profits from farming declined, farmers' children sought Changes made to allow a small probability of a Land
employment elsewhere. When the current farmer
Manager selling up could substitute for this to a certain
retires, therefore, there is no guarantee that any of their extent.
children will take over.
4.4

Most of the checked statements from Table 2 were agreed by the majority of those asked, though given the small sample size, a
statistically valid quantitative assessment of the response is not possible. There was strong support for profitability as the prime motivation
for changing commodity, and for satisfaction with profit margin as a motivation for not changing—both of which are parameterisable
features of the original FEARLUS model. There was strong support for introducing off-farm income to the model. There was also strong
support, with clarification, for innovations being introduced by a relatively small number of farms, others adopting after seeing their
success; for farmers accepting financial loss with an activity for a period of time before making changes; and for farmers tending to expand
their production of existing commodities rather than trying something new if dissatisfied with an activity—all of which are features arising
from changes made to the model. Weaker support, with clarification, was given to the introduction of farm-scale fixed costs to the model,
and for the existing feature that farmers try to buy neighbouring land when it comes up for sale.

Discussion
5.1

The results have shown that we can have confidence in using several of the features in the new FEARLUS model. Support has been given
to both pre-existing and added features, and many findings could be implemented using appropriate parameter settings, suggesting that
there has been a benefit to adopting the TAPAS approach. Areas of equivocal support in Table 2 occurred around the question of social
approval, specifically in relation to organic farming. In general, as noted in Table 3 in relation to a change to the social approval model, this
aspect of influence on farm behaviour is contentious as farmers have an independent self-image. Whilst key informants and the literature
corroborated that farmers are influenced by norms in their peer group, the results of the checking process suggest that the social approval
feature in FEARLUS should be used with caution in the Upper Deeside case study. Two of the questions, focused on parameterisation of
the model, also produced no clear agreement: a suggested categorisation of agricultural land, and the possible influence of climate change
on farm production.

5.2

Not all findings suggesting changes in the model were implemented. The reasons given above in Table 4 are akin to the 'for the sake of
simplicity' assumptions, which Moss (1999; 2002) and other agent-based modellers (e.g. Edmonds and Moss 2005 ) have rightly criticised.
Ideally, in those instances where lack of resources prevented changes, a model would have been implemented with changes made
according to the finding. However, all models are abstractions from reality; the iterative nature of the interaction between field research and
model development[6] suggests that with unbounded resources, modifications to the model might never stop. Development of FEARLUS
has not stopped since it began in 1998, and will continue so long as there are scenarios to which FEARLUS can be applied and
researchers interested in doing so. Where changes were not made because they would require too many alterations to the pre-existing
code, this suggests that, had we started from scratch, the resulting model would have implemented the feature. With limited resources, the
decision to build a new model is a trade-off between the importance of features too difficult to implement in an existing system, and time
taken to reimplement features that are also required in the new system. In the case of land tenure, which we would have implemented
given time, we did not believe the change to be important enough to abandon the TAPAS approach we had taken and build a new model.
One way to approach this issue is to develop more radically modular architectures for social simulation—modularity is widely recognised
as having an important role in simulation modelling (Frysinger 2002; Leavesley et al. 2002 )—and we intend to take this approach in future
work (Polhill and Gotts 2009 ).

5.3

The process of translating qualitative findings into model behaviour is something of a dark art, as Agar's ( 2003) article attests. Papers
describing the use of qualitative evidence to build an agent-based model tend not to go into much detail about how the qualitative
knowledge was translated, other than to first describe the case study and then describe the model. Noting that modellers' intuition is
involved in the design process, Taylor (2003, p. 140) nevertheless expresses a desire to be able to annotate the source code of his model
with the coded interviews, to make explicit the provenance of the rules. This is something we have tried to address here using the tables
above. We are also interested in methods of making the ontological structure of a model more transparent and verifiably consistent with
descriptions of it, and this will form the subject of future work (Gotts and Polhill 2009a ; Polhill and Gotts 2009 ).

5.4

Indeed, the topic can be expected to be contentious for many qualitative research specialists. Identifying different 'types' of respondents
has a substantial history in rural sociology literature (see for example Shucksmith 2002; Bowler et al. 1996 ; Marsden et al. 1992 ), and
several 'types' were identified in the interviews, which could then be integrated as different subsets of agents within the model. However,
the use of algorithms to express qualitative findings implies a degree of certainty and precision that cannot always be achieved through
qualitative research. Such uncertainty can be handled by making multiple implementations of the same phenomenon and/or using
stochasticity, and then running the model large numbers of times. This has been an approach taken in work using FEARLUS. Another way
to address the issue is to follow the qualitative research with more extensive quantitative research with a view to finding out the information
needed—common practice in 'mixed methods' social research (Brannen 2005). However, the sheer number of phenomena to investigate
and the level of detail and precision required could prove prohibitively expensive. Janssen and Ostrom (2006) cover a number of
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challenges for empirically embedding agent-based models.
5.5

There is an established body of work using qualitative research in the agent-based modelling process. Here, there are a number of
different approaches:
Use of qualitative evidence for validating agent-based models. This is the approach recommended by Moss and Edmonds (2005) as
part of their 'cross-validation' methodology, in which representations, structure and behaviour are validated qualitatively at the micro
level, whilst outcomes are validated quantitatively at the macro level. The 'checking' process used here is broadly related to the
former of these two activities.
Involving stakeholders in the development of a model. D'Aquino et al. ( 2003) apply the companion modelling approach to land use
management issues in Senegal, for example. Ramanath and Gilbert (2004) review various approaches to participatory agent-based
modelling in general.
Using qualitative representations in an agent-based model. Edmonds and Hales ( 2004) make this commitment in their model of
haggling.
Using qualitative evidence to determine the ontology of an agent-based model. For example, Rouchier and Hales ( 2003) use
interviews and field studies as a basis for building an agent-based model of a vegetable wholesale market in Marseille, Agar (2004)
has built the Drugtalk model based on interviews with drug addicts, and Taylor (2003) bases a model of e-commerce on interviews.
Related to the above is the work done in this article: using qualitative evidence to suggest changes to the ontology of an agentbased model.

5.6

Qualitative research has also been used in agent-based modelling of land use change. Manson and Evans ( 2007) discuss two case
studies (one of deforestation, the other of reforestation) in which 'mixed methods' research has been integrated with an agent-based
modelling process. Huigen, Overmars and de Groot (2006) use collected oral histories as a basis for configuring their MameLuke model of
settlement in the Philippines. Many of the case studies of the 'French school', as Moss (2008) calls proponents of companion modelling,
are also related to land use change.

5.7

Becu et al. ( 2008) note that practitioners of companion modelling often start with a model constructed before meeting stakeholders. Here,
qualitative research has been used to extend a pre-existing model that was not originally based on such research. In general, since
qualitative data collection is iterative in nature (Rubin and Rubin 1995 ), it should fit well with the TAPAS approach of incremental model
building. However, using the terminology of Galán et al. (2009), the danger of using a pre-existing model is that what were 'core'
assumptions in the original model become 'accessory' in the new model. For this reason, it was undoubtedly a good idea to include some
of the pre-existing features of FEARLUS in the checking exercise. Indeed, in future, it might be better to include all of the features provided
by the modelling system, as the process can be used to suggest features that should be disabled.

5.8

It is also important that the principles implemented in the model are checked as well as the findings from the qualitative research. This
allows evaluation of how far the process of implementing the findings in a model has lost their original accuracy (inevitably there will be
some loss due to the abstraction process). Given that agent-based modelling is often predicated on building more realistic representations
of social processes than is possible with analytical methods (Moss 1999), validating the structure of the model should have a priority at
least as high as validating the fit of the model to quantitative data (Moss and Edmonds 2005 ). Indeed, a poor quantitative fit to empirical
data may suggest a change to the structure or algorithms of a model's representation rather than adjustment of parameters.

5.9

Standard qualitative research relies on interviews with respondents directly involved in an activity, with supplemental information from key
informants. In this case, we found key informants were often better able to give an overview of decision-making processes than the
individual farmers themselves, who identified processes specific to their farms. This point relates to the acknowledged weakness of
qualitative research, that it does not generalise well. However, rather than indicating that qualitative research may be inappropriate for
agent-based modelling, this suggests to us that respondents need to be selected at a level of abstraction from the process that
corresponds to the information required to structure the model. If the findings from the research process were intended solely for use in
informing the model, data from key informants would have been sufficient. However, the dual use of the data for modelling and qualitative
sociological analysis necessitated the inclusion of interviews with the study subjects.

5.10

Finally, while including a qualitative researcher in the team should ensure that high-quality data are collected, it raises other issues for the
research process. One of the difficulties with interdisciplinary work of this nature is the need for practitioners to be able to communicate
their work to colleagues in their own disciplines. This can lead to two results in terms of team work: the team is led by one discipline, and
the others serve as 'assisting sciences', resulting in research outputs which are only publishable for the lead discipline; alternately, the
researchers work in parallel, addressing the same topic but with different research questions, leading to findings which are difficult to
integrate (Wächter 2003). This can create a dilemma in designing studies—if the qualitative field researcher only gathers information with a
view to informing model development, the consequent findings may not be suitable for publication in qualitative research literature.
However, if the researcher does gather material with a focus on their usual audience, there will be a lot of data that cannot be used by the
modellers. The situation needs to be managed carefully to ensure all participants in the research team are making a worthwhile investment
of their time.

Conclusion
6.1

This paper has shown how the qualitative research process is well-suited to incremental modelling approaches. We have argued that
qualitative research offers a means of suggesting and checking the structure of a model, and specifically, changes to it, rather than
comparing its statistical accordance with a set of quantitative empirical data, and that this is something of greater importance to agentbased modelling than to analytical approaches. Whilst it has been clear from the work of others that qualitative research with a deep
involvement of stakeholders and practitioners in the domain of application is well-suited to agent-based modelling, it is clear that qualitative
research with a shallower level of engagement can still be beneficial to the modelling process, in that we are able to evaluate how well
features of an existing model apply to a case study, and make and check changes to that model designed to improve such applicability.
Qualitative research thus has much to offer those considering empirical agent-based modelling exercises.
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Appendix 1: Final question guide for qualitative interviews in the CAVES-Grampian Study
7.1

These questions were not necessarily asked in order, or in these particular words. Interviewees often answer questions before they are
asked, in the context of other topics.

7.2

Introduction
Review confidentiality of interview and gain permission for recording and transcription.
General demographics—size of farm, tenure arrangement, age of farmer, off farm income, age, education, household composition.
How long they've been farming, how many people work on the farm, what commodities they produce.

7.3

Any major changes in land use they have made;
What were the changes (5 years, and 20 years); what did they involve?
What were the biggest causes of change?
Why those commodities particularly, those proportions?
What were the major considerations in making the decision: profitability, labour, investment, what they enjoy doing?
Have many of other farmers in the area made the same decision(s)?
Single Farm Payment—farm responses.
Land management contracts and other agri-environmental programmes—farm responses.
Planned changes—e.g. organic, diversify, intensify, extensify, niche...
Plans for succession.

7.4

Patterns of reciprocity
Other people who work here—are they related to you? Where they get seasonal labour or weekend help?
General resource sharing—do they share any equipment, market with, how that got started, how common it is?
Machinery ring—involvement.
Group membership—e.g. belong to farming organisations.
Where do you get your information about farming?
Do you interact more or less with your neighbours than you used to?
What their neighbours do in terms of sharing resources, meeting together?
Types of farmers—what makes a good one; a bad one?
Importance of reputation?
Groups in the local area—farmers vs. hobby farmers vs. city commuters.
Would you say there are cliques—historical, in families, other?

7.5

General—major issues in agriculture today
Why they became a farmer—is it turning out how they expected?
What's farming going to look like down the road?
Who handles farm sales; who puts up barns?

Any problems with the new 'Right to Roam' legislation? [7]
Recommendations of other people to interview, including key informants.
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Notes
1 It should not be inferred from this statement that qualitative research is always the cheaper option…
2 Key informants are individuals working in the farming sector who are not farmers themselves (e.g. farm business advisors).
3 The key informant often acts as a 'gate-keeper' to the interviewees, in that his or her recommendation is often important in convincing

them to participate.

4 The alternative is to use a sampling frame drawn from a telephone directory or other official source, such as government records.

Weaknesses of directory-based selection include oversampling of specific types of farms (Burton and Wilson 1999 ).

5 Recording interviews is standard practice for qualitative interviewing, as it enables accurate record keeping of the interview content. Note-

taking may occur when the data are particularly sensitive (and the interviewee hesitant to commit to a recording), or if situational variables
(e.g. noise) do not allow for recording.

6 We were fortunate that in this work the qualitative field researcher and model developer worked in the same building, allowing numerous

impromptu meetings and discussions to be had without prior arrangement. Those wishing to conduct a similar process without this luxury
will need to allow for a significant level of communication in the research plan.
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7 The 'Right to Roam' legislation referred to in Appendix 1 is Part 1 of the Land Reform (Scotland) Act, 2003 , which stipulates rights of

access to land in Scotland for recreation and education purposes. Section 5 Paragraph 1 of Part 1 of the Act states that exercising these
rights does not constitute trespass.
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