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CHAPTER 5

Participatory Systems Mapping

Abstract This chapter introduces Participatory Systems Mapping, a
method for building and analysing causal system models in groups, devel-
oped by us. The method uses tools from network analysis and focuses on
chains of causal connections to develop meaningful and actionable insights
with stakeholders. This chapter describes in detail what it is and how to
use it, considers what it is good and bad at, as well as describes some of the
history of its development. We also point to resources and tips for getting
started with the method yourself.

Keywords Participatory Systems Mapping ® Complexity ® Policy
Stakeholders ® Network analysis

This is probably the easiest yet oddest chapter for us to write in this book.
Our experiences over the last ten years, as we have developed Participatory
Systems Mapping (PSM), are one of the core motivations for this book.
We have experienced all sorts of reactions when using PSM, from the posi-
tive and enthusiastic, through to negative and harsh criticism. Sometimes
people have seemed to think we have invented a whole new way of know-
ing and seeing systems; others have dismissed us as pedalling little more
than repackaged consultancy services. These views are both wrong, but in
different ways, yet somehow for the same underlying reasons. Underpinning
both good and bad reactions, we believe are fundamental misunderstand-
ings of the aims, methods, and value of systems mapping, and an

© The Author(s) 2022 6l
P. Barbrook-Johnson, A. S. Penn, Systems Mapping,
https://doi.org,/10.1007 /978-3-031-01919-7_5


https://doi.org/10.1007/978-3-031-01919-7_5#DOI

62  P. BARBROOK-JOHNSON AND A. S. PENN

underappreciation of the variety of ideas and practice. As part of our wider
commitment to, and belief in, using systems mapping approaches, we felt
it was worthwhile shining more light on these methods. In turn, more
selfishly, we hoped this would improve our own knowledge and practice,
and help us advocate better for PSM!

PSM has evolved a lot over the last ten years, both in simple terms—
what we call it and how we frame it—and in how maps are built and how
they are analysed. We have tried to find the spaces between what other
methods do well, but also to include the ideas and learning from the many
people we have worked with using PSM. We have also tried to stay true to
our underlying philosophy of a participatory and humble approach to
interacting with and managing complex adaptive systems, and to our core
idea for PSM - to turn potentially overwhelming complexity (in systems,
and in our models of them), into something more actionable, practical,
and usable.

We could write reams and reams about PSM; indeed we have in many
different places, but here we will attempt to be disciplined and stick to
explaining as simply as we can: what it is and how you can use it, common
issues and tricks of the trade, what it is good and bad at, and a brief history
of how it has evolved. Finally, we will point to some resources for getting
started yourself.

WHAT Is PARTICIPATORY SYSTEMS MAPPING?

PSM is the process of building, analysing, and using PSM maps. The maps
are causal models of a system, represented by a network of factors and
their causal relations. They are almost always annotated and layered with
information about the factors and their connections. Technically speaking,
they are directed cyclic graphs, that is, the connections between factors
have arrows and there can be feedback loops in the network. The maps are
built by stakeholders, typically through a series of workshops and meet-
ings, and the participatory nature of their development is paramount. So
too is the approach to analysis, which uses information from stakeholders,
the principles of network analysis, and looks at the ‘flow” and chains of
causal relationships (which we often refer to as ‘causal flow’) to create
submaps focused on exploring specific questions or purposes, again in a
highly participatory and iterative manner.

Let’s look at an example to get a feel for the basics of what makes a
map. Figure 5.1 shows both a full map, which is too large to read on the
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Fig. 5.1 Participatory System Map of the water and agricultural system in a river
catchment in north-east England. Green nodes are system functions, blue nodes
are policies, green arrows are positive causal connections, red arrows are negative
causal connections, and blue arrows are complex or unclear causal connections.
Source: Authors’ creation based on Bromwich et al. (2020)
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printed page, and a zoomed-in subsection, so that we can see the detail.
Nodes can be from any relevant domain; they need not be explicitly
quantifiable or have data underpinning them, but should be expressed as
variables, that is, things in the system that can increase or decrease. The
nodes in the map are called ‘factors’, and there are often special types of
factors such as outcomes or functions of the system we care about, or
interventions we control. In Fig. 5.1, there are intervention-type factors
coloured in blue and function-type factors in green.

The connections in the map represent causal relationships. These can
either be positive causal connections (i.e. if A increases, or decreases, B
changes in the same direction), negative causal connections (i.e. if A
increases, or decreases, B changes in the opposite direction), or uncertain
or complex connections (i.e. if causal relationships depend on other
factors or contexts, or if the relationship is strongly nonlinear).

In PSM maps we are normally aiming to build reasonably large networks
with at least 20 nodes, often more like 50 or 100. The number of connec-
tions is then usually several times larger, running into several hundred on
some occasions. Because the analysis approach is centred on creating
submaps, and thus we are not too worried about having large maps, the
only hard constraint on the size of PSM map is time. Building large maps
may require the process to be designed to have parallel streams creating
different maps which are then brought together.

The maps are intended to be ‘owned’ by the stakeholders who create
them, rather than researchers. They should capture all the complexity
important to stakeholders and should use annotations and labels to repre-
sent any different beliefs. The final layout of a map can take many forms;
sometimes it can recreate the layout that emerged in a workshop, or be
rearranged thematically, or a network visualisation algorithm can be used
to highlight patterns in the network structure.

Once a map is built (though they are often never really “finished’, we
can always add more), we can analyse it. At the core of the approach to the
analysis is the idea of creating submaps, that is, subsections of the full map,
which we can use to focus in on particular questions or issues. The sub-
maps are intended to allow us to get a handle on the map; they offer us a
way in, to what can be an overwhelmingly large diagram. The question
now becomes, how do we pick where to extract a submap and what do we
include and exclude from it?

The starting point for a submap can be defined either by ‘stakeholder-
suggested’ factors, that is, what factor(s) stakeholders have told us are
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important, that represent their suggested or current interventions, or that
they think are vulnerable to change. Or we can start with ‘system-
suggested’ factors, factors that different types of network analysis (e.g.
centrality measures) tell us might have interesting properties in the net-
work. For example, we might have factor with many connections, or a
factor which bridges different parts of the map.

Once we have a starting point, the analysis uses one (or a combination)
of the following ‘rules’ to generate a submap: one, two, or three steps
‘upstream’ or ‘downstream’ (i.e. following the arrow directions) of the
starting factor; ego networks of the starting factor (i.e. any nodes and
edges connected to it and the edges between them); or paths between
multiple factors of interest (i.e. following the arrows from one factor to
the next until we reach the other factor of interest). Figure 5.2 shows how
these are defined visually. These rules for generating submaps can them-
selves also be combined using unions or intersections (i.e. showing mul-
tiple submaps together or showing the nodes and edges that are in multiple
submaps). We might do this if we want to look both up and downstream
from a node of interest, or if we want to see where the ego networks of
different nodes overlap. These various approaches to analysis are sum-
marised in Table 5.1.

As the example above and description of analysis shows, the subjective
information we collect on factors (i.e. what is important to stakeholders,

Two step downstre
e fl:cm A am Two step upstream from A One step ego network of A All paths from A to A1

Fig. 5.2 Ways to generate a submap from a starting point. In each network, a
submap is created starting from the node A using the mode annotated above each
network. Nodes and edges in red are those that will be included in the submap,
those in black will be removed /hidden. Source: Authors’ creation
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what is vulnerable, or controllable) is incorporated into analysis. When
combined with network analysis this provides different insights. For exam-
ple, an influential (high out-degree) factor, which impacts many important
functions, is obviously significant. However, if it is vulnerable to change or
controlled by an external actor, it may be a vulnerability. Whereas if it is
controllable, it may be an opportunity to make change, a so-called system
lever. Different types of information can be collected depending on what
is relevant to the system and stakeholders. Analysis is also often combined
sequentially, with one submap generating questions that lead to the cre-
ation of another. In practice, the process of generating submaps is a cre-
ative, iterative, and exploratory exercise, ideally done with stakeholders. It
can be modified and recombined in numerous ways to address the ques-
tions that matter to participants.

There is a reasonable amount of variety in how PSM is used, but this
normally stems from the needs and purpose of any given project, rather
than different perspectives on how to use the method. Examples of variety
include (i) different types of information collected about nodes and edges,
such as edge weights, different classes of nodes, or more detail about com-
plex causal relationships; (ii) differences in how a PSM process is designed,
with almost infinite options of how to organise sequences of workshops,
meetings, and interviews; or (iii) differences in how a full map is con-
nected to other models or forms of knowledge (e.g. using a left-to-right
inputs-to-outputs-type layout to make it resemble a Theory of Change
map). In terms of terminology, there is not too much variation. PSM maps
are not known by another name, but the phrase ‘Participatory Systems
Mapping’ is quite generic, so we have seen it used in a more high-level way
to refer to different methods such as Causal Loop Diagrams or bespoke
system mapping efforts that emphasise participation.

How Do You Do PARTICIPATORY SYSTEMS MAPPING?

We have previously written detailed guidance on how to run workshops
(see Barbrook-Johnson & Penn, 2021; Penn & Barbrook-Johnson, 2019)
and how to design and conduct a whole PSM project (see Penn &
Barbrook-Johnson, 2022). Here, we will attempt to outline the entirety of
the process, in a succinct form, and suggest you check our fuller writing
on these topics for more detail. The exact nature of your process will
depend on the purpose of your project, and you should be creative and
flexible in designing a process, while always erring on the side of doing
more participation, rather than less.
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We would expect to see the following basic stages in almost all PSM
processes (note, we will assume that all are done with stakeholders right
from the start):

® Deciding on aim of project: There are multiple purposes which a
PSM process could be used for, for example, solving a problem or
asking a question about a system; designing new interventions for, or
uncovering vulnerabilities in, a system; building engagement and
shared understanding and ownership of an issue amongst stakehold-
ers; or allowing marginalised perspectives to be communicated to
powerful actors.

e System definition/boundary: A system boundary needs to be set
to make mapping focussed. The system could be a particular physical
system, for example, a water catchment, or a more conceptual one,
such as a policy domain. You should decide on the problem area you
wish to explore. The system will then be defined by this problem or
questions around it, and what impacts on it. This task is often one of
the most conceptually difficult and can have a huge impact on
the project.

* Choosing stakeholders: It is important to bring in stakeholders to
cover all key parts of a system. You should consider who affects or is
affected by the system; who has on-the-ground knowledge and who
has a strategic overview; who is often overlooked; are there provoca-
teurs who could usefully be invited to challenge established narra-
tive? The process can be narrowed by reducing diversity of
stakeholders, but with a cost to system representation. A useful strat-
egy for individual sessions is to keep group size small but maintain
diversity.

e Process design: you should begin mapping in groups to produce at
least the first full version of a map. This is to ensure that the benefits
of collective model building are achieved. The ideal is that a mixed
group with representatives of all stakeholder communities is present
for this workshop. When this is not possible, sequential workshops
can be run which build on maps step by step. Many of the other steps
detailed below can be performed outside workshops if it is helpful.

* Choosing focal factor(s): Focal factors are usually outcomes or
‘functions’ of the system and are the first nodes laid down in the
construction of the map. Choosing the right focal factor(s) is key.
They strongly affect the focus of a systems map. Try to ensure all
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aspects of a system you are interested in are covered. Think about
what is important to who. If some groups are not represented, you
should ask participants to consider things cared about by these
absent groups.

General factors: once we have focal factors, we ask participants to
brainstorm factors which are influenced by or influence them, and
then bring these together and consolidate. The key criterion for
including factors is that they make a difference to how the system
works. It is important that a wide brainstorming happens so that we
ensure that all domains of influence are covered.

Building the map: the mapping process essentially consists of draw-
ing causal connections between factors. Starting from the focal fac-
tors and then bringing in the general factors. The process is often
staged to facilitate better system thinking. For example, in a map
containing outcomes, general system factors, and policy interven-
tions, all outcomes and the general factors which impact or are
impacted by then are mapped first, with policies only added at the
end. This is to prevent using familiar, but perhaps inaccurate, linear
models of change.

Factor and connection information: once a map structure is cre-
ated, it is vital to make sure all the appropriate information on factors
and connections has been collected. Some information, such as fac-
tor types (e.g. interventions, outcomes, functions), is collected
throughout, but a time to gather additional information at the end
is useful too. For example, which factors are controllable, by who
and to what degree, which are vulnerable to particular changes, and
which are ‘owned’ by different stakeholders. You might also ask
stakeholders for any other categories they think are relevant. Equally,
for connections, we should consider is there any extra information
we would like to collect.

Verification and review: we expect to go through several rounds of
mapping followed by verification and review. Verification and analy-
sis bring up new aspects of the system and prompt reconsideration of
the structure of the map. A stable version of the map should be
reached after a few iterations; however, in the longer term, maps
should be treated as updatable living documents.

Analysis design: analysis should be considered from the start of the
process as the information collected and how maps are built is usu-
ally modified to allow the analysis that is most relevant to stakehold-
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ers. We can ask a variety of questions with analysis, for example, what
are the potential influences on outcomes, are they vulnerable or
supported; what are potential unexpected impacts of external change,
or of planned interventions; are there co-benefits or negative indirect
effects; are there trade-offs between different stakeholders’ interests;
are there interactions between different interventions, synergies, or
clashes; are there interactions between planned interventions and
other potential changes or risks. If mapping is being used to design
interventions, we can use the map to consider which points of
intervention would have most beneficial impacts and for who and
are controllable by those wishing to act. If we want to uncover vul-
nerabilities, we can consider which factors have the most impact on
functions that matter to different groups. When preliminary analysis
is done, at every stage, stakeholders should also be asked to reflect on
what is surprising or interesting in the map, and what questions to
explore in further analysis.

These stages in each project will be different, and we often find we iter-
ate between them rather than following them in a dogged sequential order.

COMMON IsSUES AND “TRICKS OF THE TRADE’

We have bumped into many issues. Some of these we have learnt to cir-
cumvent purposefully, others we likely do subconsciously. The following
issues are ones we have seen most often or felt most acutely. First, the most
fundamental and most common confusion people have about the ‘rules
of the game’ for building a PSM map is what ‘positive” and (especially)
‘negative’ connections are. Sometimes people think of connections in a
normative way, so a positive connection thus means ‘this factor is good for
that factor’, or ‘this factor influences that in a desirable direction’, and
conversely, a negative connection comes to mean something like, ‘this
factor pushes that factor in the wrong way’. It is important to be aware
that this might happen and be alert to how connections are being under-
stood and added, questioning when necessary.

A second issue during the early stages of a workshop can be the feeling
that the beginning of the mapping process is slow and can start to feel like
it will never be finished. This is totally normal. Early discussions on defini-
tions and purpose, and on consolidating individual brainstorming often
take up most time in a first mapping session. Once this is done, a session
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can rapidly accelerate so that people are building the map at a frantic pace,
and the problem can flip; you end up being concerned there is not enough
discussion. More generally, a sense of being overwhelmed by a map as its
starts to get larger, is normal. We have heard of many people starting to
use similar system mapping methods and giving up when they feel the
sheer weight of the map, and uncertainty on what to do next, become too
problematic. One of the most common complements we get is that we
persevered when things looked stuck or too ‘hairball-ish’.

On a more conceptual level, we have found it is often difficult to con-
vince stakeholders and users, of both the value a PSM process could deliver
for them, and how the analysis will work. The fact that the direction the
analysis will take is not clear at the start compounds this issue. It can be
hard to show examples because the analysis is bespoke, and much of its
value is in iterating through version of submaps and interpretation, rather
than just looking at a final version.

To overcome these, and other issues, we have regularly used the follow-
ing ‘tricks of the trade’:

e Be clear about the ‘rules of the game’ from the start: it is well-
worth spending an extra ten minutes at the start of workshop explain-
ing the definitions of nodes and edges clearly, rather than discovering
two hours in that people were misusing them.

e Always ask people to explain: your most powerful prompt during
a workshop is ‘could you explain that a bit more please?” Do not
worry about looking stupid or not knowing the system in question;
you are not the expert, the stakeholders are. This will encourage
discussion and precision in thought and will surface assumptions and
disagreements. It will help you work out when one connection
would be better shown with three, or where a connection should be
marked as complex.

e Encourage people to take control: as a facilitator, it is hard to over-
come the feeling that you should be in charge of the process of
building a map. Things can start this way, but it is usually possible for
participants in a workshop to start to take over both the act of draw-
ing and moving nodes and edges, and to lead the conversation
(though, we have found working online this is harder to do). This
should be encouraged from early in the process. Your role as facilita-
tor thus becomes to ensure the map is sticking broadly to the rules
of PSM and is coherent with any agreed aims or purposes.
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e Keep the whole in mind whilst working on details: it is important
that you keep in mind the whole system map that you are aiming for.
You want a map that covers all the major areas in equivalent depth,
and where distal connections are made between factors that are far
apart. You will need to keep in mind the shape, balance, and con-
nectivity as the map as a whole as well as being alert to what is hap-
pening on the microscale of local connections. ‘Zooming in and out’
cognitively, and prompting participants to do the same, particularly
when stuck, is an important part of a mapping process.

¢ Do not put pressure on the process to finish soon: this is tricky as
it involves both managing the expectations of people involved and
avoiding letting yourself feel the need to finish soon. PSM is inher-
ently an iterative process. The map will change and be refined and
may never feel finished. You need to make your peace with this fact;
if you chase after a false sense of completion, you will likely just feel
ever further from it, and become disheartened. If you are patient,
allow yourself to stop, work on something else, and return with a
fresh mind, you will almost always find productive ways forward.

e Introduce analysis early: though the analysis stage does not start
until you have a map you do not think is going to change lots any-
time soon, it is useful to introduce the idea of analysis early and
gather ideas for what could be done. Show people the sorts of analy-
sis that are possible. This allows people involved to have a sense of
one of the key ways you will use the map and allows you to tailor the
process considering their comments and ideas. The reconfigurable
nature of the analysis means that people can often come up with their
own ideas once they have grasped the general principles.

WHAT Is PARTICIPATORY SYSTEMS MAPPING GOOD
AND BaD AT?

PSM is likely to work best when we want to use systems mapping in a rela-
tively participatory, inclusive, and flexible manner, but when we also want
the structure given by clear definitions of how the model works and how
it can be analysed. Importantly, it offers this formalism in contexts where
we either don’t have data to set up or validate a model, or where we are
not confident we have sufficient understanding to turn a system map into
a dynamic simulation. It is also directly aimed at capturing the full com-
plexity of a system, but then finding ways to make this understanding



74 P. BARBROOK-JOHNSON AND A. S. PENN

practical and actionable using analysis. It is aimed at finding solutions to
the common critique of system maps as ‘horrendograms’ but doing this
without compromising on depth. Thus, we see PSM as sitting quite
squarely in the middle of the spectrum between flexible and qualitative
methods, and more formal quantitative methods.

Where PSM is less useful is when we find ourselves wanting to be at
either end of this spectrum. If we want a method that is highly intuitive
and allows people to engage on any level they wish, PSM will be inappro-
priate. Conversely, if we want to quantify our model, or have a dynamic
model, PSM won’t be the best bet. Probably its single biggest weakness is
its inability to explore dynamics in systems; it is a relatively static method.

A Brier HisSTORY OF PARTICIPATORY SYSTEMS MAPPING

Our work with systems mapping really started with Fuzzy Cognitive
Mapping (FCM) and the project presented in Penn et al. (2013). We
found the overall approach of FCM created a lot of value for stakeholders
and opened interesting avenues for research. However, we had concerns
about how the analysis in FCM is sensitive to many subtle assumptions. In
particular, the functions specified for how a change in one factor affects
the next. Being sensitive to assumptions is not in itself a problem, this is
true of many modelling approaches, but here, assumptions made by the
researcher often had a greater impact on results than stakeholder input.
Great care must thus be taken for analysis to produce outputs that were
meaningful, and the risk of overinterpreting model artefacts increases. We
felt this had the potential to constrain the participatory element of FCM
and limit the co-design of the analysis. Thus, we started to explore the
question of how we could analyse these types of complex system maps in
a way which was less sensitive to assumptions, but which was also more
transparent, intuitive, and participatory in nature.

The idea of using network analysis and causal flow emerged (see Penn
et al., 2016) and this has been refined and extended through numerous
projects since. These projects have tended to be with stakeholders from
the public sector, so the approach has naturally pivoted to thinking about
interventions and their outcomes, despite our aim of using the method to
instil wider systemic thinking. This has become one of the main sites of
innovation in map building, finding ways to encourage system-wide think-
ing and analysis, while keeping time-poor and objective-focused stake-
holders interested.
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GETTING STARTED WITH PARTICIPATORY SYSTEMS
MAPPING YOURSELF

So far, we have avoided the topic of software to use for PSM, however,
picking the right software for you will be key to your success. There is a
wide array of options, which fall into three types: general purpose dia-
gramming software; network visualisation and analysis software; and pur-
pose-built software. Table 5.2 outlines some of the pros and cons of each

Table 5.2 Software options for PSM. Source: Authors’ creation.

Option Examples Pros Cons
General e digarams.net  ® Very easy to use ® No automated map analysis
purpose e Visio e This option is most is possible, analysis can be
diagramming ~ ® Concept ‘human-readable’ conducted manually but is
software board e Maps are casily time consuming and prone
* Miro editable to human error.
e Maps are casily e Exporting map data is
shareable possible but is often difficult
e Layout casy to (i.c. least
manipulate ‘machine-readable’)
manually—that is, ® Cost of commercial options,
to reproduce but there are many free and
layout from open-source options
workshops
Purpose-built ¢ CECAN’s e Easy to use e Stability of more bespoke
software PRSM e Simple and/or and less well-used software
e Kumu appealing browser can cause issues
e yED interfaces e Analysis options are limited,
e Map casily editable ~ but can be added on request
e Some analysis e Cost of commercial options,
available but there are many free and
e Maps are shareable ~ open-source options
e Some advanced
functionalities
Network e Gephi e Full range of e Steep learning curve to use
visualisation e R and Python analysis e Shareable as a file, but not
and analysis packages e Can automate possible to work on at same
software analysis approach time as others

once developed Layouts generated rely on
algorithms, and manual

manipulation is difficult or
impossible. Layout will be

unfamiliar to stakeholders
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of these and mentions some examples. In practice, you might want to use

two or more pieces of software for different purposes; if you do, you

should have a plan for how you will export your map from one to the

other—you do not really want to have to manually create your map twice.
Here are a few further resources we would recommend:

® Detailed workshop guide: Penn and Barbrook-Johnson (2019)
outlines a detailed guide to facilitating a workshop, covering all the
key stages you may need to include. If you are planning a workshop,
we recommend using and adapting it to your needs.

® Detailed Process Design Guide: Penn and Barbrook-Johnson
(2022) provides in-depth guidance on how to design a full PSM
process to best fit with a system and stakeholders’ challenges and
blind spots.

* Centre for the Evaluation of Complexity Across the Nexus
(CECAN) PSM briefing notes: there are three short and accessible
write-ups of some of the larger projects we have used PSM in, in
briefing notes published by CECAN (see Barbrook-Johnson, 2019,
2020; Barbrook-Johnson et al., 2021). These can be useful to share
with prospective participants.

e Academic examples: a subset of these is written up in Barbrook-
Johnson and Penn (2021) in longer academic journal paper form.

You should now have everything you need to get out and start your
own PSM project. We cannot emphasis enough, your priority should be
ensuring you have good engagement from a set of stakeholders or a user
for the work. It is important to get this lined up before doing much else
because the aims and design of the project will depend on them. Beyond
that, we would recommend a key first step is finessing your thinking about
how a PSM process is going to be of value to them, how it will connect to
their existing work, and how you are going to design it to maximise
chances of success. Think about these sorts of questions before you think
about the methodological details of map construction and analysis, so that
the real strength of this method—Dbespoke map construction and analysis
design that provides meaningful and actionable insights—can be fully
exploited. Good luck!
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in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s
Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the chapter’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder.
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