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Abstract
Despite advances in Integrated Water Resources Assessment and Modelling (IWAM), there
remains a distinct gap between its theory and practice in supporting decision-making with regard
to socio-environmental problems. This thesis aims to bridge that gap using a design science
research approach, in which developing and applying designed "artifacts" (tools, methods,
practices, and ideas) contributes to knowledge and understanding of the problem domain and its
solution, and to improvement of existing practices. The thesis consists of six papers spanning a
range of IWAM problems.
Paper #1 uses bibliometric techniques to track changes in IWAM over time through four
stages: Conception, Formation, Practice and Maturity. The analysis highlights the dominance of
biophysical modelling aspects and deficiencies in achieving crucial integration with sociotechnical and human-driver aspects. Therefore, this thesis focuses on IWAM as a social rather
than an exclusively technical process.
Paper # 2 tackles the challenge of achieving a shared understanding of the IWAM pathway
among diverse stakeholders. The paper suggests the use of "pathway diagrams" and "ID cards" to
combine multiple guidelines and to co-constructs a customizable adaptive modelling process. A
"pathway" is an adaptively adjusted chain of steps at which various decisions are made. A
pathway diagram provides a structure within which steps from guidelines can be inserted. Each
ID card provides a quick summary of information about a step across multiple guidelines and
offers a common language and point of interaction.
Paper #3 examines methods to support IWAM problem scoping to integrate concerns from
different stakeholders, and to identify and assemble essential information from torrents of
different disciplinary knowledge. Specifically, combining Drivers-Pressure-State-ImpactResponses and System Dynamics is shown to provide complementary insights into problem
scoping, boundary setting and model structure in the Gorganroud-Gharesu Basin, Iran.
Paper #4 describes how the interactive methodological decisions in the IWAM pathway are
influenced by several facets of human interactions originating from: cognitive, behavioural and
mental frameworks; biases, beliefs, heuristics and values; and time, budget and knowledge
limitations. Rival decision support paths emerge from the cumulative effects of individual
methodological choices and human factors, warranting careful consideration to enhance
confidence in recommendations and illuminate sensitivities to methodological choices.
Paper #5 notes that despite wide recognition of the importance of communication and
documentation, decisions along the pathway are rarely dissected. A practical analysis, using the
pathway diagram, maps actual and potential alternative project decisions in a case study in Zaribar
lake, Iran, demonstrating the benefits of planning communication and documentation that enables
reflection and adaptation of the pathway to changing circumstances.
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Paper #6 demonstrates the benefits of combining ongoing self-reflection based monitoring
focused on formative evaluation of the IWAM pathway with conventional evaluation focused on
outcomes. In a case study in the Campaspe catchment, Australia, the author acts as "involved
monitor" to guide reflection by team members to evaluate their project decisions and identify
possible future improvements.
In sum, the thesis provides an investigation of several socio-technical aspects of IWAM,
resulting in the design of several artefacts that can support a more effective, adaptive and robust
pathway, and therefore improve the societal contribution to modelling projects.
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Prologue: Personal motivation
My family and I lived in a small town near Shiraz, Iran during my early childhood, where most
people were farmers. As a child, my friends and I had many wishes and parents usually promised to
give us what we wanted at harvest time. It took some years for us to understand the real meaning of the
expression that adults used: “this is a harvest-time promise”. Later, we found out this expression means
that the promise is not certain and reliable and it depends on the harvest profit, which is in turn
dependent on many factors such as rain, the dam release plan, the yield and the price of the harvest that
season. I was one of the lucky girls in the town as my father was a public servant and my wishes were
not entirely dependent on the harvest profit, unlike many of my friends’ whose basic needs were
depended on the harvest income. I equated the meaning of “uncertain future” with a “harvest-time
promise” in which childhood needs are harvest-time wishes. I left that town when I was eight years old,
but those feelings and memories have not left me yet. I realized how a child’s life could be dependent
on news headlines mentioning “severe drought”, “agriculture commodity prices” and the “government
decides to build a new dam”.
My childhood experience guided me to study Water Engineering at the university. I started
working and realised that many great engineering projects have been practised in my country, but still,
water managing practices need to be improved. So, I continued my education in Master of Water
Management Studies. During the master studies, I learnt new techniques and domains such as systems
thinking and applied system dynamics modelling for my master thesis on an integrated water resources
management issue. I was fascinated by the archetypes which govern the problems and how they repeat
themselves in different cases and how we can identify them. My wish was for the water governing
system not to fall into the same trapped archetype, but instead to apply more thoughtful policies so that
the harvest-time wishes could take place more often.
While still a master student, I had the privilege to work on the National Water Master Plan, a
critical and yet complicated study. Afterwards, working with a team at a well-known consulting
company, I was involved in national and international projects as a researcher and later as a project
manager. During my career, I attended several meetings with high ranked decision makers which helped
me to realize that failing policies are not just their fault. In fact, decision makers need better support,
and we need better communication with them to understand and address their needs. Also, I worked at
different levels of the integrated water resources assessment and modelling (IWAM) process in different
projects, which helped me to understand the importance of human factors in the way we operate the
process; these issues are my main concern in this thesis.
Therefore, I moved to Australia and started my PhD. Back in Iran, Australia and its water
management practices were a reference for researchers, mostly because of the similarity between the
two countries in climate, water-related issues and challenges. I had the privilege of having professional
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experience in this field before starting my PhD, so I used this fact as an opportunity to think critically
about my research and how the similarities and differences in the projects that I experienced and studied
affected IWAM processes. In my experience, the supercomputers, models and techniques are not the
primary difference between the projects (at least those I was involved in or studied), but the way we
operate the process and affect it is a real game-changer. The decisions about every step and even about
tiny issues shape the process, yet practitioners were often not aware of this issue, in my experience. I
am a researcher who is willing to learn from other disciplines, such as social science, psychology,
project management and operational research, and adopt proper methodology and tools to improve her
research and apply them to solve the problems in her field of study. I approached my research as a cycle
of thinking critically, reflecting, searching, exploring, learning, adapting and testing.
My intention in writing this thesis is to investigate and develop methods and tools to improve
integrated environmental modelling and assessment processes to give better support to decision making.
Beyond my own learning, my hope is that this investigation proves of use to others, and ultimately
improves the on-the-ground practice of IWAM.
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Chapter 1: Introduction
1.1 Introduction and objectives
1.1.1 Opportunities for improving Integrated Assessment and
Modelling
Integrated water resources assessment and modelling (IWAM) has been practiced since at least
the late 1960s (e.g. Garlauskas, 1974; Gisser and Mercado, 1972; De Ridder, 1974; Rogers and Smith,
1970; Winn et al., 1972) to support decision-making processes and improve water management
(Hamilton et al., 2015; Kelly (Letcher) et al., 2013). Many scholars applied IWAM concepts and defined
various principles and frameworks (Croke et al., 2006; Jakeman and Letcher, 2003; Laniak et al., 2013;
P. Parker et al., 2002; Pahl-Wostl, 2007). Over the last few decades, IWAM has been introduced,
investigated, applied and is now in the maturity stage. The “maturity” stage means that it is time to
study more sophisticated topics and vital considerations to reach its full potential capability to support
decision making and be more inclusive, especially in the way stakeholders and modellers are involved.
The prospect of climate change and variable economic and social conditions add more uncertainties and
complexity to the future of water management and reinforces the need for adaptive management
(Hamilton et al., 2015). Despite advances in the development of IWAM to support the resolution of
socio-environmental problems in water management and planning, there is still evidence of many
challenges in IWAM practices and a gap between theory and practice (Pahl-Wostl, 2002). Much
research has been performed to study IWAM improvement, with a focus primarily on technical aspects
of IWAM (Castelletti et al., 2008; Kelly (Letcher) et al., 2013; Ravetz, 1999). However, an IWAM
process should be considered as a social process and not just a technical procedure (Hamilton et al.,
2015).
To improve the IWAM process and bridge the chasm between theory and practice in order to
exploit its potential in serving the sustainability of water systems and give better support to decision
making, there is a need to design, adopt or adjust tools and practices. Many improvements are possible;
every researcher and practitioner is likely to have their own priorities. This thesis targets a particular
selection of issues and challenges – a selection of opportunities for improvement - that is relatively
general, applicable and crucial to most IWAM research, and where it is possible to develop sociotechnical tools that are transferable rather than case-specific practices. These opportunities are briefly
introduced here, with further discussion in the respective chapters.
1. Holistic view of theory and practice in IWAM research
The results of many integrated models will have limited use, and many decisions and policies
based on IWAM results have not accomplished their aims; the reasons include a process of design and
development that fails to include stakeholders, models that are difficult and expensive to use, and lack
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of the necessary capacity for using the model (McIntosh et al., 2011). IWAM has a long history (Laniak
et al., 2013), and many review studies have been published (e.g. Croke et al., 2006; Glynn, 2017;
Hamilton et al., 2015; Jakeman and Letcher, 2003; Laniak et al., 2013; P. Parker et al., 2002; Rotmans,
1998; Rotmans and van Asselt, 1996) but still there is a need for a holistic view of the history and state
of the art of IWAM and its gaps. A systemic review was seen as needed to highlight the relation between
theory and practice of integration, the development of IWAM and its needs for more investigation. After
having formed a clear picture of the huge literature and knowledge in this area in Chapter 2, the research
questions and objectives of the thesis can be formulated to cover some of the major gaps. Thus the
remaining opportunities are then set after the analyses in Chapter 2, inspired by its results and the
author’s research interests.
2. Lack of shared, context-specific understanding of IWAM
IWAM, like any other decision support process, involves a sequence of steps including decision
forks, choices, points for reflection and iteration which can be described as a unique "pathway"
(Lahtinen et al., 2017). The diversity of perspectives involved in IWAM means that achieving a shared
understanding of the IWAM pathway is difficult, let alone agreeing on the right pathway for the problem
at hand (Sterling et al., 2019). Experts, decision makers and stakeholders ideally all go through the
IWAM pathway together, so it is vital to create a unique pathway for the specific problem situation and
involved participants. Keeping everyone on a shared pathway improves the odds of IWAM project
success, so everyone should ideally have a compatible expectation of the pathway’s destination and a
comparable understanding of the pathway and its steps. Reaching this shared understanding is a
challenge given that diverse perspectives typically involve different value systems, concerns,
expectations and knowledge about the process. Roadmaps and guidelines provide some support
(Badham et al., 2019), but fall short in practical circumstances mainly because they are not sufficiently
adaptive or flexible when practitioners face complex problems where they cannot simply follow a single
guideline (see Chapter 3).
3. Difficulties in IWAM problem definition step
IWAM is a complex “problem-solving” process which includes integrating various concerns from
different stakeholders and using different disciplinary knowledge (Laniak et al., 2013). Therefore, it is
necessary to have a shared and clear definition of the “problem” between different experts, stakeholders
and decision makers and to adapt it regularly. In other words, the question that the modellers and
practitioners are answering is often not clear— that is ‘what exactly is the “problem” which is supposed
to be solved by IWAM? The answer to this question is pivotal as it guides the modeller to identify
where to start, how to start, what data/information/reports matter, which issues are key, how the issues
are connected, what and where the interconnections of variables are. The output of IWAM can be
completely different from another based on how the modellers answer this set of questions (Boschetti
et al., 2011; Nabavi et al., 2017). This issue is particularly challenging and severe when facing complex
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problems where various disciplines and different stakeholders are involved in the assessment, and
different sources and types of information are used. Researchers are overwhelmed by torrents of
information. Therefore, there is a vital need for modelling methods and tools that can support modellers
to unite the diverse perspective of stakeholders and set a holistic view about the problem and to identify
and assemble essential data and information to inform problem scoping and boundary setting (see
Chapter 4).
4. Interactive methodological decisions
An IWAM pathway consists of a sequence of methodological decisions where the choices are not
always clear, and the decisions are not always purely technical (Glynn, 2017). These methodological
decisions are dependent on several facets of human interactions and are influenced by a variety of
factors, originating from cognitive, behavioural, and mental frameworks as well as the biases, beliefs,
heuristics and values (BBHVs) (Glynn et al., 2017) of experts, decision makers and stakeholders, not
to mention limitations in resources such as time, budget and knowledge. Each set of decisions and the
cumulative effects of individual methodological choices under the influence of human factors shape the
way problems are perceived and framed; and they result in a different IWAM path, create a path
dependency, and consequently different outcomes (Lahtinen et al., 2017). There is a need to study these
methodological choices and their influential factors in setting the problem context, framing the decision
problem, developing means for evaluating possible solutions, and making recommendations (see
Chapter 5).
5. Inefficient communication and documentation
The importance of communication and documentation in the problem-solving pathway is widely
recognized (Basco-Carrera et al., 2017b, 2017a; Boschetti et al., 2011; Janse, 2008); however, this often
stops at the level of general assertions, and the decisions during the pathway often remain a black box.
It is rare to find reporting of dead ends, alternative choices, and changes in decisions during the project
(Sterling et al., 2019). There is little attention to the design and development of practical procedures
and artifacts that take this beyond hand-waving claims to the actual outcome.
Stakeholders and decision makers influence the IWAM process and are affected by its results, so
constant, transparent and informative communication is needed to take all their concerns into account
and increase their trust in the IWAM results and the chances of success (Voinov and Bousquet, 2010).
Also, experts from different disciplines are involved in an IWAM process, so communication between
team members is vital in order to achieve an integrated team and research process. Effective
communication and documentation could also provide transfer value by enabling knowledge gained
through the IWAM process to be applied to another IWAM system; or be used in later IWAM processes
in the same system to provide adaptive management and minimise repeating the same research steps in
several processes without improvement (Cockerill et al., 2019; Glynn et al., 2018).
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A close investigation is needed of the role of documentation and communication within the pathway
to open its black-box, enable reflection and adapt the pathway to changing circumstances. Also,
methods to make documentation and communication more effective and efficient require further study
(see Chapter 6).
6. Late or missing project evaluation
Similarly, the evaluation of IWAM should pay more attention to the taken pathway and its role in
achieving project impact, results and efficiency (Alvarez et al., 2010). Evaluation of results and outputs
in the last steps of a project will not improve its efficiency and effectiveness because at the time of the
evaluation it is typically too late to change the process and adapt to new information from the evaluation
(Alvarez et al., 2010; Badham et al., 2019; Hamilton et al., 2019). Given that the IWAM pathway is a
sequence of events, decisions and steps, IWAM evaluation should be designed in a way to consider
evaluating all of those effective elements that contribute to the success of IWAM during the pathway,
and assist the IWAM process in reaching its goals, which is a challenging issue (see Chapter 7).

1.1.2 Research aims: designing tools and practices to improve

IWAM

The IWAM pathway needs to be improved to give better support to decision making and
stakeholders. This improvement is possible by improving the different aspects of IWAM and also by
making this pathway visible to others, and opening its black-box in order to let others incorporate
reflection, criticizing and improving the pathway. The synergy of all these changes in the IWAM
pathway has the potential to support decision makers more effectively.
This research aims to bridge the gap between theory and practice of IWAM by investigating and
designing fit-for-purpose methods and practices in order to improve the IWAM pathway and achieve a
robust, adaptive and more practical process i.e. where project success is insensitive to changing
conditions.
The usefulness of designed methods and practices is examined through several examples and case
studies including the lower Campaspe catchment, Victoria, Australia; Zaribar lake, Kurdistan, Iran; and
Gorganroud basin, Iran.

1.1.3 Research questions
The main research question of this thesis is:
“Which tools and methods can improve the integrated assessment and modelling process to better
support adaptive decision-making process?”
This research question is divided into seven sub-questions, which are investigated in different
chapters from different viewpoints. Table 1-1 illustrates how the thesis answered these questions and
identifies where the answers are reflected in the thesis.
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Table 1-1: Research questions and the addressing chapters
Question

Addressed
in chapter

How has IWAM changed over
time? What is the current
situation, and what are the
strengths and neglected
points?

2

How can researchers and
practitioners achieve a
shared understanding of the
IWAM pathway among all
stakeholders?

3

How can researchers and
other stakeholders reach a
holistic and common
understanding of “the
problem” in IWAM as a
complex issue?

4

What are the methodological
options to be considered
along an IWAM pathway?
What are the factors along a
unique IWAM pathway that
can affect the result? How
can these factors be made
more transparent and be
managed?

5

What is the role of
documentation and
communication for success
of the IWAM pathway?

6

How can researchers
monitor and evaluate an
IWAM process in order to
support an adaptive
process?

7
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problem-solving pathways: Key issues illustrated
for an integrated environmental modelling case
study. Environmental Modelling and
Software.104645.
https://doi.org/10.1016/j.envsoft.2020.104645
Zare, F., Guillaume, J.H.A., ElSawah, S., Croke,
B., Fu, B., Iwanaga, T., Merritt, W., Partington, D.,
Ticehurst, J., Jakeman, A., 2020. A formative and
self-reflective approach to monitoring and
evaluation of interdisciplinary team research: an
integrated water resource modelling application in
Australia. Journal of Environmental Management.

The remainder of this chapter describes the research approach, the thesis structure, synthesis,
discussion and its contributions, and lastly, the conclusions of this research. The thesis aims to guide
researchers and practitioners in designing and applying artifacts and methodological tools to different
aspects of the IWAM process in order to trigger the improvement in supporting the decision-making
process. Ultimately, this should contribute to a more nuanced understanding of communication and
human aspects of an IWAM process in environmental management research.
Fateme Zare -

Designing and evaluating practices and tools to improve IWAM

1/09/2020

17

1.2 Research approach: design science research
Discussed research questions are addressed through a design science research (DSR) approach
(Hevner et al., 2004). DSR is a distinct research paradigm in which knowledge and understanding of a
problem domain and its solution are achieved as part of development and application of a designed
artifact in order to improve the existing practices and research knowledge (Baskerville et al., 2018;
Hevner et al., 2004). Design science research involves the construction of a wide range of new and
innovative socio-technical artifacts to understand and improve human performance and organizational
capabilities (Gregor and Hevner, 2013; Hevner et al., 2004).
Design science research has its roots in engineering and the sciences of the artificial (Hevner et
al., 2004), which is a body of knowledge about the design of man-made objects and phenomena
(artifacts) (Simon, 1996). DSR is used by many disciplines and fields beyond computer science,
including architecture and industrial design, management art, and education (Baskerville, 2008; Jones
and Gregor, 2008; Vaishnavi et al., 2012). This paradigm has been practised for some time and under a
variety of labels such as “systemeering”, a “constructive approach”, “systems development”, and
“engineering approach” (Gregor and Hevner, 2013).
A DSR artifact can be described as “a knowledge containing thing that has been or can be
transformed into the process (e.g., method, software) or material existence as an artificially made object
(e.g., model, instantiation)” (Gregor and Hevner, 2013). DSR artifacts can broadly include models,
methods, constructs, instantiations and design theories. Some examples of artifacts are decision support
systems, modelling tools, guidelines, methods for evaluation, change interventions, social innovations
and new or previously unknown properties of technical/social/informational resources (Gregor and
Hevner, 2013; Niederman and March, 2012). Both the archetypal solution and specific implementation
can be considered artifacts of different types.
The design of an artifact could be in the form of a new artifact or further development of an existing
one, or even an improved implementation of an artifact from another discipline. Designing useful,
innovative and purposeful artifacts is a complex task and requires creativity and advanced knowledge
in domain areas (Hevner et al., 2004). The designed artifacts need to be evaluated rigorously to check
their usefulness in the problem domain. Design in this thesis is considered as a search process, in the
words of Hevner et al. (2004), “the search for an effective artifact requires utilizing available means to
reach desired ends while satisfying laws in the problem environment,” and “it must be presented
effectively both to technology-oriented as well as management-oriented audiences”. The DSR process
is, therefore, an ongoing iteration of “build and evaluate” (Hevner et al., 2004).
Socio-technical artifacts are the main type of artifact in this thesis, which involve interaction
between technology and human beings. In the thesis, I focus on the transferable solutions as artifacts
(“Level 2” artifact in Gregor & Hevner (2013)’s categorisation). I evaluate the designed artifacts by
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applying them to case studies and checking their application. Further proof-of-use and proof-of-value
analyses (Nunamaker and Briggs, 2011) and evaluation could happen once the designed artifacts are
applied in more cases, which is out of the scope of this thesis.
, Following Gregor & Hevner (2013) division of knowledge into the two spheres of descriptive
and prescriptive knowledge, this thesis should be considered in the prescriptive knowledge area.
Descriptive knowledge is the “what” knowledge about natural phenomena and the laws and regularities
among phenomena. Prescriptive knowledge is the “how” knowledge about human-built artifacts. The
aim of designing the artifacts in this thesis is to facilitate and improve the IWAM process based on the
existing state of knowledge and concepts from different disciplines. Thus I have used descriptive
knowledge from different disciplines and human capacities as part of the process of design and
evaluation of artifacts.
The thesis approach is based on Peffers et al. (2007) which identifies six DSR activities: 1) Identify
problem: realizing a problem situation, 2) Define solution objectives: analyzing published literature for
ideas from different disciplines and developing archetypal pattern solutions, 3) Design and
development: designing the solution and development of the artifact, 4) Demonstration: to demonstrate
the use of the artifact, 5) Evaluation: to assess how well the artifact supports a solution to the problem,
and finally, 6) communication about the solution: here through academic articles and talks. These
activities (Figure 1-1) are followed in each paper through several iterations and adaptations.

Identify
problem

Define solution
objectives

Design and
development

Demonstration

Evaluation

Communication

Figure 1-1: Design science approach, adapted from Peffers et al. (2007)

As noted in Section 1.1.2, the aim of the thesis is an improvement of IWAM processes
emphasizing key issues which have not received sufficient attention in the past. In design science, a
distinction is made between improvement and “exaptation” of practices. Improvement, in this case,
means developing new solutions for known problems. These new solutions should be more efficient
and effective than existing alternatives and can be products, processes, services, technologies, or ideas.
Exaptation of practices means extending known solutions (in other disciplines) to new problems (in the
discipline of study). This is particularly relevant in interdisciplinary fields, where individuals with
experience in multiple disciplines are able to draw connections and insights across the fields (Gregor
and Hevner, 2013). In the rest of the thesis, I use the term “improvement” generally to also include
exaptation.
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1.3 Thesis structure
This research follows the Australian National University policy1 for thesis by compilation and the
related Fenner School Guide. Owing to the thesis by compilation format, the general account of the
theory and methodological components of the research is distributed across separate papers/chapters.
Following a design science research (DSR) approach (Section 1.2) and in order to address the
research overarching question and sub-questions, this thesis is structured as a series of six papers, each
of which forms one chapter (Figure 1-2). Five of the papers are published, and the last is under review.
All papers were intended as stand-alone pieces of work, so there is some unavoidable repetition between
chapters. The foreword part at the beginning of each chapter discusses the need for the paper, the key
contributions and links these contributions to the thesis’ research questions and other chapters.

Figure 1-2: Thesis structure; Synthesis is provided in this chapter (Chapter 1),
Chapters 2-7 are published as Papers 1-6, respectively. The main method
in each chapter is shown.

Following the introduction chapter, in Chapter 2, the history of IAM is investigated through a
designed stepwise systemic literature review, with a bibliometric analysis of the state of the art in
integrated assessment by identifying trends in integrated water assessment and modelling research and
its gaps (Paper 1). The results showed that despite having a rich literature on the frameworks, methods
and best practices, IWAM research focuses on modelling aspects and technical parts of the process,
whereas the chasm is more on socio-technical and human-driver aspects which have received less
attention and require more investigation.
Understanding the state of the art in IWAM, in the next chapters (3& 4) of the thesis, the focus is
on creating a shared understanding of IWAM. Constructing a customized modelling guideline is
suggested to make a shared understanding of the research pathway (process) between all researchers
and stakeholders. To achieve this common understanding, two artifacts are designed and applied, ID

1

. Please check the rules here: https://policies.anu.edu.au/ppl/document/ANUP_003405
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cards and a customizable pathway diagram, which help to realise an adaptive and flexible planning and
knowledge sharing outcome (Paper 2). It also examines the designed artifacts and pathway perspective
in a participatory integrated modelling project. In Paper 3, the application of a combined framework of
“Driver-Pressure-State-Impact-Response” (DPSIR) and System Dynamics (SD) is examined as a useful
framework (artifact) to create a holistic and shared understanding of the problem definition stage to
make it more systemic and overcome confusion in this step.
The primary focus in the rest of the thesis is on reflective practices. To improve the decision
support pathway, we need to be aware of decisions that shaped the pathway and the influential factors
which impact each decision. In this regard, Paper 4 maps the methodological choices and explores the
influential factors such as biases, beliefs, heuristics and values in each decision of robust decisionmaking research for sustainable development. The benefits of a reflection on the documentation and
communication are explored using a pathway diagram artifact in Paper 5. In the last paper of this thesis,
a formative and self-reflective method (artifact) is designed and applied to monitor and evaluate the
IWAM project with the aim of a more critical and engaging approach (Paper 6).
Synthesis and contribution of papers/chapters will be discussed in the last chapter, whilst a brief
summary of the chapters and their connection with each other is explained.
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Chapter 2: Integrated Water Assessment and
Modelling: history and potential gaps
This chapter provides a systematic literature review of the history and state of the art of Integrated
Water Assessment and Modelling (IWAM) research. This chapter addresses the following questions: How
has the IWAM field evolved? What is the current situation, and what are the strengths and neglected points?
The chapter shows that there is a rich body of knowledge in the field, researchers having worked on IWAM
for many decades now, and many good review papers have appeared in the literature during this time. The
rate of publishing in the field has been accelerating rapidly. Thus, it is time for a comprehensive,
quantitative review of IWAM literature covering its general landscape in order to provide a more structured
picture of IWAM topics and identify crucial gaps and potential opportunities. Traditional approaches to the
literature review, however, are time-consuming and highly subjective. To overcome this problem and obtain
a holistic picture of IAM, I designed and applied a stepwise systemic approach. Bibliometric analysis as a
systemic approach for literature review has been used in many studies (Barthel and Seidl, 2017; Broadus,
1987; Niu et al., 2014; Tague-Sutcliffe, 1992; Wang et al., 2014, 2010). The strength of bibliometric
analyses is to provide a reproducible, holistic and objective picture of the structure, topics, and gaps in a
field of research.
How has IWAM changed over time?
This chapter, based on existing literature, posits that the field of IWAM exhibits four stages, capturing
its dynamic shifts and changes over time, location and topics. The four stages from 1970 to 2015 can be
characterised as Conception, Formation, Practice, and Maturity. Stage 1 of ‘‘Conception” reflects the early
establishment of the field which then experienced a slow uptake from 1970 until 1990 when the importance
of studying the multi-faceted nature of water management and policy were recognised. In the ‘‘Formation”
stage (in the 1990s), the IWAM concept was defined, and various principles and frameworks were
suggested and tested. Some practical projects were reported, mostly in relation to climate change, energy
and economics. An expansion of applications of water resource-related case studies occurred in the
‘‘Practice” stage (in the 2000s) and represents an acceleration in the number of publications. The most
recent stage, ‘‘Maturity”, reflects the shift towards rapid development and expansion of the field in the
2010s, with concepts and frameworks having been largely established and examined in many different
cases. This ‘‘Maturity” stage indicates that it was opportune to study more sophisticated (e.g. multisectoral,
multidisciplinary) topics and consider vital aspects such as treating and managing uncertainty.
What is the current situation, and what are the strengths and neglected points?
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IWAM is an interdisciplinary and participatory process of combining, interpreting and communicating
knowledge from diverse scientific disciplines that use different methods (e.g. conceptual, analytical) and
tools (e.g. computer models) to allow a better understanding of complex water problems that arise from the
interactions between humans and environmental systems, as well as to inform and support decision making.
Widespread integration of different aspects of IAM is critical to its success. The quantitative analysis of the
chapter shows the ongoing increase in biophysical and socioeconomic keywords, but with the former at a
faster rate than the latter, and with absolute numbers having increased more than fourfold from 1970 to
2015. On the other hand, analysis strongly indicates that the former continues to dominate (in terms of
frequency of keywords). However, since 2004 there has been growth in integration that covers socialeconomic- hydrological aspects. It is still concerning, however, that this linking of integration with the
social sciences, especially the non- economic ones, remains modest.
Contribution
Research gaps are usually determined largely through literature reviews and the subjective opinions
of researchers in the area. Whilst this expert opinion will always remain valuable, the rapid advances in
‘‘big data” analytics can be used adjunctively to provide evidence that supports the charting of open
research topics. The designed bibliometric approach in this chapter outlined the decisions made in each step
of the analysis. This approach helped in undertaking systematic analyses about the state of knowledge
within IWAM in order to define the trends, gaps and opportunities for research which guides this thesis. It
illuminates open opportunities for future research that recognises the chasm between theoretical and
practical studies, and suggests practical ways of improving the integration process, especially the need
formore focus on socio-technical aspects. The bibliometric analysis in this chapter aims to provide the big
picture of IWAM literature, and relevant analysis is used. However, other bibliometric methods could be
used in future research to study the citation networks and detect clusters and patterns which could reveal
insights and bring new perspectives to the understanding of the IWAM literature.

This chapter was published as:
Zare, F., Elsawah, S., Iwanaga, T., Jakeman, A.J., Pierce, S.A., 2017. Integrated water assessment and
modelling: A bibliometric analysis of trends in the water resource sector. J. Hydrol. 552, 765–778.
https://doi.org/10.1016/j.jhydrol.2017.07.031
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Chapter 3: Designing a shared pathway
As discussed in the previous chapter, IWAM has passed through conception, formation and practice
phases, and is now in a maturity phase where uncertainty management, stakeholder involvement, and
assessing economic and social aspects require investigation. During these stages, a number of best practice
guidelines have been developed (Chapter 2). These guidelines aim to describe the essential steps, tasks and
requirements to undertake a successful IWAM. However, nowadays, complex problems require
involvement of different groups such as researchers, decision-makers and stakeholders (Voinov and
Bousquet, 2010). Each group has different concerns and understanding of the problem and the modelling
process. To ensure an adaptive and efficient modelling process, there is a need for a shared understanding
of the modelling process, steps, decisions and requirements in a transparent way. The diversity of
perspectives involved in IAM means that achieving a shared understanding of the IAM pathway is difficult.
Therefore, despite having many complex guidelines, there is still a need for a common means
(tool/language) to speak with and communicate among stakeholders, to help everyone reach a common
understanding of steps and requirements, and to improve knowledge sharing in an adaptive and efficient
way. Also, each modelling project has its own specific and possibly unique needs and requirements, and
these needs might change during the project, requiring the use of several guidelines and standards to address
the problem at hand.
How can researchers and practitioners achieve a shared understanding of an IWAM pathway
between all stakeholders?
A combination of two artifacts is designed and applied in order to provide a common language and
flexible framework that achieves a coherent description of a modelling process, explicitly showing the steps
involved, and decisions and points at which stakeholders are involved.
The first artifact is a pathway diagram, which is designed based on the concept of describing the
research process as a sequence of steps including decision forks, choices, and points for reflection and
iteration, which can be described as a unique "pathway" (Hämäläinen and Lahtinen, 2016; Lahtinen et al.,
2017; Lahtinen and Hämäläinen, 2016). The pathway diagram is a graphical artifact (tool) which is designed
to illustrate the steps taken in a project and facilitate communication with a simple visual platform. The
main elements of a pathway are the steps, decision forks, actions, documentation and reflection points. A
pathway, however, provides a structure within which a practitioner can insert the essential steps, decisions
and alternatives relevant to the context and circumstances of their project. A modelling pathway might need
several iterations, or change in the order of the steps, to meet the project goals and achieve an adaptive and
agile process. The pathway idea is also used and described in more detail in Chapter 6.
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The "Steps ID card", as the second designed artifact, is an identification document for an action/step
consisting of an organised collection of explicit statements across multiple guidelines. The ID card
describes the information associated with each step and can be used to provide a better understanding of
the process between modellers and stakeholders. The ID card helps in providing a common language and
point of interaction for thinking about and discussing what steps can be inserted into a pathway and why.
Each ID card has several different categories of information: Name; Objective; Rationale; Decisions/Tasks;
Tools; and Actors.
The combination of these two artifacts gives the practitioners an opportunity to use different guidelines
as a source of information and develop a pathway with specific steps that fit their purpose and communicate
around it, revise it and consequently reach and maintain a shared understanding of the modelling pathway
(process) between the participants.
Contribution
This chapter proposes a methodology to construct a customised modelling guideline. Drawing
inspiration from different disciplines, I designed two artifacts, a pathway diagram and ID cards, which can
facilitate customising a pathway. The suggested methodology helps in generating a shared understanding
of the process by adopting the guidelines, facilitating the communication between the participants and
increasing transparency. The suggested artifacts and methodology are examined, which resulted in a
"Participatory Integrated Assessment Modelling" pathway (PIAM) and an example of ID cards to be
associated with each step of the PIAM. The PIAM pathway and ID card are based on two main streams of
guidelines in the IWAM research area, the more quantitative 'natural science' approach to modelling and
the more qualitative 'social' approach (Jakeman et al., 2006; Voinov et al., 2018; Voinov and Bousquet,
2010). It is hoped that the pathway diagram will help implement the idea of modelling as an adaptive spiral
process, containing several iterative loops to reach a fit for purpose model and agreement among
stakeholders.
This chapter is published in the following paper and is presented in the 23rd International Congress
on Modelling and Simulation (MODSIM2019). After publishing the paper, the example ID card in the paper
was updated by reviewing a recent guideline (Badham et al., 2019), and the updated ID card is placed after
the paper. Additionally, a summarised version of the ID card is provided, to be used as the main tool to
facilitate communication between stakeholders about the conceptualisation step.

Zare, F., Guillaume, J.H.A., Jakeman, A.J., 2019. Constructing customised modelling
guidelines: a Participatory Integrated Assessment and Modelling example, in: 23rd International
Congress on Modelling and Simulation. Canberra, Australia. (Peer-reviewed conference paper)
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Supplementary Table 3-1: Additional conceptualisation step ID card, updated with (Badham et al., 2019).
Demonstrates how information from multiple sources can be synthesised at a statement-level
after grouping into sections. Green statements are from (Jakeman et al., 2006) and blue
statements are from (Voinov et al., 2018; Voinov and Bousquet, 2010) and black statements are
from (Badham et al., 2019)

ID card name: Conceptualisation of the system
Objective
-

Project participants build conceptual, visual representations of the components of the problem
being considered.
Conceptualisation refers to basic premises about the working of the system being modelled.
Consideration and justification of options in defining the system warrant attention by modellers
and their clients.
To describe aspects of the issues at stake and the influences that contribute to these issues.
It is a broad, qualitative outline of the model design and identifies the main features that must be
included in the model(s) that is (are) to be constructed.

Rationale
-

-

The conceptualisation step is important even if a model is not designed from scratch because time
and money (as well as the clients’ beliefs) restrict one to using a ‘canned’ model.
Conceptualisation exposes the weaknesses of the canned approach and perhaps ways to mitigate
them.
The development of the preliminary conceptual model can be a useful activity for building a
shared understanding among the project stakeholders about the system drivers, and how they will
be addressed in the model
This is an essential step before further resource investments are made.
A conceptual model defines connections between important components of the issue, and
includes model inputs and model outputs, and inter- mediate states and processes that are
relevant.

Decisions/tasks
-

-

It is always helpful to start building a conceptual model with stakeholders.
What to include and what not to incorporate in a modelling activity should be addressed
explicitly at the outset and iteratively revisited as far as resources allow, consider an iterative
process to allow and encourage modifications, and changes to the model.
The conceptualisation may be rudimentary, with details postponed until the results of knowledge
elicitation and data analysis can be exploited.
A tentative initial conceptualisation and a visualisation such as a block diagram may be a great
help in showing what else must be found out about the system.
The system being modelled should be defined clearly, including its boundaries (e.g. physical,
socioeconomic and institutional).
Boundary conditions can then be modelled as constraints or as input scenarios, whose values can
be perturbed in line with stipulated assumptions.
identifying, articulating, and representing the relationships among the many components of a
problem; on the spatial, temporal relationships; on how changes in one area aﬀect other factors
that may be important to solutions and to stakeholder concerns
Throughout the conceptualisation process, substantial discussions
are indispensable regarding
• how the model will be used,
• what limitations might need to be overcome,
• what alternatives should be considered,
• how multiple models will work together.
The conceptual model design step focuses on higher-level views of the problem, for example
• determining boundaries of the problem (e.g. what is in, what is out),
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temporal and spatial scales and extent and general level of complexity required for the
intended decision level (e.g. whether short term operational, medium term management, or
long term planning).
The components and processes should be broadly described in terms suitable for stakeholders
who are not modeling experts.
Qualitative descriptions regarding how a change of one component or process can change the
state of another can be valuable, and can provide insight regarding the direction of change,
whether it is a relatively small or large effect, and what other factors may influence that
relationship.
•

-

Tools
-

-

Use aids to thinking to show how model drivers are linked to internal (state) variables and
outputs (observed responses), e.g. an influence diagram, linguistic model, block diagram, bond
graph, Rich pictures (RP), Cognitive/concept mapping (CCM), Causal loop diagram (CLD),
Cultural consensus (CC), Decision tree analyses (DTA)
Methods for Semi-quantitative modelling (conceptual quantification): Fuzzy cognitive mapping
(FCM), Scenario building (SB), Social network analysis (SNA), Analytic hierarchy process
(AHP)
Mind mapping exercises, participatory workshops with boxes and arrows, engaging stakeholders
in role- playing games all these are good tools to initiate the process. This method corresponds
better to the genuine co-construction approach
Propose a preliminary model, created previously by the scientists. Stakeholders can then propose
modifications and start questioning the draft model. This approach is often less time consuming
than starting from scratch.
In any case, it is important to consider an iterative process to allow and encourage modifications,
and changes to the model.
Conceptual models are typically constructed with some sort of diagram using arrows to mark
influential relationships and flows
Narratives or other visual and textual descriptions of ‘what happens if’ may also be useful (e.g.
rich pictures).
Data collection and knowledge elicitation methods are commonly used to develop the
preliminary conceptual model, such as desktop literature review, expert and stakeholder
interviews, and workshops

Actors Scientist (modellers and their clients), officials, other interested parties

SupplementaryTable 3-2: Conceptualisation step ID card, summurized from Supplementary Table
3-1 to be used as a tool for communication with stakeholders

ID card name: Conceptualization of the system
Objective
- to build conceptual and visual representations of the components of the problem
- to describe aspects of the issues at stake and the influences that contribute to these
issues.
- To make a broad, qualitative outline of the model design and identify the main features
that must be included in the model(s) that is (are) to be constructed.
Rationale
- The development of the conceptual model can be a useful activity for building a shared
understanding among the project stakeholders about the system drivers, and how they
will be addressed in the model.
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Decisions/tasks
- Start building a conceptual model with stakeholders.
- Consider an iterative process to allow and encourage modifications, and changes to the
model.
- A simple conceptualisation and visualisation helps in showing what else must be found
out about the system.
- determining boundaries of the problem (e.g. what is in, what is out),
- define connections between important components of the issue, and includes model
inputs and model outputs, and inter- mediate states and processes that are relevant.
- set temporal and spatial scales and extent and general level of complexity required for
the intended decision level (e.g. whether short term operational, medium term
management, or long term planning).
- Set intended socioeconomic and institutional boundary and level
- Throughout the conceptualization process, substantial discussions are indispensable
regarding
o how the model will be used,
o what limitations might need to be overcome,
o what alternatives should be considered,
o how multiple models will work together.
Qualitative descriptions regarding how a change of one component or process can
change the state of another can be valuable
Tools
-

For developing the preliminary conceptual model: desktop literature review, expert and
stakeholder interviews, and workshops
For thinking and showing links: influence diagram, linguistic model, block diagram,
bond graph, Rich pictures (RP), Cognitive/concept mapping (CCM), Causal loop
diagram (CLD), Cultural consensus (CC), Decision tree analyses (DTA),
For semi-quantitative modelling: Fuzzy cognitive mapping (FCM), Scenario building
(SB), Social network analysis (SNA), Analytic hierarchy process (AHP)
For co-construction approach: Mind mapping exercises, participatory workshops with
boxes and arrows, engaging stakeholders in role- playing games

Actors Scientist (modellers and their clients), officials, stakeholders, other interested parties
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Chapter 4: Problem structuring process
Over the last few decades, there has been a growing interest in IWAM as a methodology that connects
different disciplines and their concerns in an effective way to provide an ‘integrated’ outcome (Chapter 2).
There is a need to reach a shared understanding of the associated modelling pathway, aims and the steps to
achieve a successful “integrated” modelling process (Chapter 3). IWAM, similarly to other modelling
exercises, is a problem-solving process, so there should be a clear and shared understanding of what the
problem entails. Defining the problem is a challenging step, particularly with respect to complex issues
where there is little or no agreement on the definition of the problem, and where it is difficult to identify
causes or authority due to multiple values, multiple perceptions, multiple perspectives, and multiple
stakeholders (Rittel and Webber, 1973).
How can researchers and other stakeholders reach a holistic and common understanding of “the
problem” in IWAM as a complex issue?
IWAM research deals with multi-dimensional situations, so it is difficult to define the “problem” to
be solved (Laniak et al., 2013). Stakeholder groups, decision makers and experts might have different and
sometimes contradictory concerns (Hamilton et al., 2015). Usually, local communities have a rich
discernment of their environment developed over generations (Bertone et al., 2016), which should be
considered while defining the problem. Various disciplines and different stakeholders are involved in the
assessment, and different sources and types of information are used. Thus, researchers are overwhelmed by
torrents of information and issues which should be covered. In other words, the very question that the
researchers need to answer by IWAM is often not clear— that is ‘what is the problem’? This question is
pivotal as it guides researchers to identify where to start, how to start, what data/information/reports matter,
which issues are the main ones, how the issues are connected? The output of one IWAM process can be
completely different from another based on the definition of the problem and answer to these questions.
Therefore, it is necessary to have a shared and precise definition of the “problem” between different experts,
stakeholders and decision makers, and adapt and revise it regularly throughout the project.
The problem structuring step inherently deals with confusion, both in coming to grips with the problem
and in trying to identify the means to do so. Despite existing work on problem structuring in operations
research, there remains a vital need for examples of alternative modelling methods and tools (artifacts) that
can support modellers and other practitioners in the problem scoping and structuring process to reach a
shared and holistic understanding of the “problem”. This chapter aims to help fill this gap by examining a
methodology combining a series of conceptual modelling techniques, namely by extending the usually
linear Driver-Pressure-State- Impact-Response (DPSIR) framework with Causal Loop Diagrams (CLDs).
A case study of a quantitative integrated SD model for the Gorganroud-Gharesu Basin, in Iran, is used to
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illustrate the benefits of the designed artifacts and demonstrate the plausibility of the suggested framework.
The model was not aimed to be used in developing policy and management options in the real world. In
future research, the model could be improved with up to date and comprehensive datasets, rigorous
mathematical uncertainty analyses, multi-stakeholder participatory validation exercises, and advanced
scenarios.
Using DPSIR analysis as a problem-focused artifact in the initial step for collecting and organising
data and information, and for identifying the main issues and structuring the problem, has been
demonstrated to be effective not only in explaining and justifying the problem definition process, but also
ensuring it is systematic and transparent. Furthermore, DPSIR provides the starting point for hypothesising
the relationships among the system components to be used in the next phase of model conceptualisation. It
can also be used as a communication tool between stakeholders to share their concerns and reach a common
understanding. In the next step, CLDs provide a common and in-depth conceptual model. Combining
DPSIR and CLDs provides complementary insights into the problem boundaries, the key sub-systems and
model structure, as a basis for developing the SD model. The progression from DPSIR to CLD affords a
stepwise process for collecting the data required for model development.
Contribution
This chapter discusses the importance of the problem definition step in IWAM research and of having
a bird’s eye view over the problem and the relationships within and among relevant social, economic, and
environmental systems. It examined the use of a designed artifact, a combined System Dynamics and
DPSIR framework, in the problem structuring step to frame and categorise the information, draw a clear
picture of the relations between different elements, and to achieve a shared understanding of the problem.
The contribution of this chapter was the examination of a designed artifact, the DPSIR & SD framework,
and accompanying reflections on how the first step of a practical IWAM process was tackled in a case
study, assessing its effectiveness and the usefulness of the applied artifacts in the “problem structuring
process”.

This chapter is published in the following paper:

Zare, F., Elsawah, S., Bagheri, A., Nabavi, E., Jakeman, A.J., 2019. Improved integrated
water resource modelling by combining DPSIR and system dynamics conceptual modelling
techniques.
Journal
of
Environmental
Management.
246,
27–41.
https://doi.org/10.1016/j.jenvman.2019.05.033
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Chapter 5: Methodological decision making
In the previous chapters, I began with a history of IWAM over several decades and indicated key
topics, such as more emphasis on uncertainty and the social sciences beyond economics, that remain for it
to advance through its maturity stage. Subsequently, I discussed the need for creating a shared
understanding of the aim of the process, for problem structuring, for using the modelling pathway concept
and its attendant advantages in terms of recognising decision points and choices to be made there. The last
three chapters (5, 6 & 7) focus on reflective practices, and in these, I will discuss the idea of behavioural
effects on the modelling process and the need to be aware and reflective about these effects.
What are the methodological options during an IWAM pathway?
As discussed in previous chapters, the IWAM modelling pathway consists of a chain and a sequence
of steps, decisions and choices, such as how to set the problem context and frame the problem (Chapter 4),
how to evaluate candidate decisions, and how to drive robust inferences and provide decision
recommendations (Tsoukiàs, 2008). Each set of choices leads to a different pathway and potentially to
fundamentally different outcomes for the systems of interest. Modelling the pathway is also a subjective
and social process, involving various stakeholders who directly or indirectly influence the methodological
choices underlying any analysis. Different groups such as stakeholders, decision makers and experts are
involved in making the choices and reaching a shared understanding of the step and its associated decisions.
Within this subjective process, methodological choices can be influenced deliberately or unintentionally.
Despite the importance of human roles in the modelling process, the effect of human behaviour on the
modelling pathway could receive, indeed warrants, more attention in the literature (Chapter 2). This chapter
is an endeavour to explain sequences and interdependencies of methodological choices and human factors
and their potential influence throughout the decision support process.
How does this chapter tackle the gap?
The chapter is grounded on the idea of the path perspective which describes the problem-solving
process as an open-ended sequence of steps and decision forks where different options could lead to
multiple alternative outcomes (Gregory et al., 1997). Rival decision support paths can emerge from the
succession of methodological choices at different decision forks, reflecting their path dependency, and the
effects of influential human factors. This chapter classifies these human factors conceptually based on their
origin: 1) Beliefs, values, heuristics, and cognitive frameworks, 2) Motivational effects, 3) Mental model
and focused thinking approach, and 4) System of problem-solving.
The focus is on the model-based decision support process in general (of which IWAM is one example)
and adapts the framework of Tsoukiàs (2008) to propose a systematic way of evaluating the alternative
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constructs of decision support. In this chapter, interactive and iterative stages, the decision forks, their
potential choices in decision support and the influencing factors are discussed in detail. This chapter further
explores the nature of iteration emphasised in Chapter 3 by recognising that it is not possible to return and
go back in time. Instead, the project pathway needs to be represented as non-reversible, with iteration
resulting in returning to the purpose of a step, rather than to the step itself.
Contribution
This chapter discusses frontier challenges and opportunities and recommends what should be done to
remain on the right track in terms of a procedure and to reduce the negative effects of human factors. This
includes suggesting increasing awareness, using de-biasing techniques, using a devil’s advocate method
and improving documentation and reflection. As a communication and conceptualisation artifact, Chapter
5 uses a number of figures to visualise and discuss the interdependency between decision forks (e.g. Figure
6), the influential human factors, and a broad array of methodological constructs to help identify the most
appropriate choices. It is concluded that careful consideration of rival decision support paths can enhance
confidence in decision recommendations and illuminate sensitivities to methodological choices.

This chapter is published in the following paper:

Moallemi, E.A., Zare, F., Reed, P.M., Elsawah, S., Ryan, M.J., Bryan, B.A., 2019.
Structuring and evaluating decision support processes to enhance the robustness of complex
human–natural
systems.
Environmental
Modelling
and
Software.
104551.
https://doi.org/10.1016/j.envsoft.2019.104551
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Chapter 6: Reflective communication
Previous chapters discussed the IWAM pathway as a chain of iterative steps at which various decisions
are made (Chapter 3) and mapped the potential methodological options in each decision forks (Chapter 5).
Carefully documentation and communication are critical to ensure that recommendations are supported by
credible evidence, and therefore are defensible (Cash et al., 2003; Cooke, 1991), and to control the negative
effects of human behavioural effects (Chapter 5). However, not every means of documentation and
communication is helpful in this regard and, in many forms, the modelling pathway often remains a black
box; it is rare to find reporting of dead ends, alternative decisions, and changes in decisions during the
project. This chapter addresses question #5:” What is the role of documentation and communication in the
success of the IAM pathway?”
The role of communication and documentation in reflection
Consistent documentation of choices over the life cycle of a decision support process and their
rationale, and the immediate reflection of other stakeholders on its contents will expand attention to human
factors and can reduce their negative effects (Glynn et al., 2017) (Chapter 5). Communication and
documentation about decisions is key to enabling reflection and adapting the pathway to changing
circumstances. There is therefore a need to strengthen soft skills of transdisciplinary and interdisciplinary
researchers and, in particular, water and environment researchers. These soft skills specifically include
communication, reflectivity and group work skills (Vehmaa et al., 2018). Correspondingly, attention needs
to be given to a new style of documentation and communication that is more reflective than in the past.
The chapter uses an integrated environmental management case study in Zaribar, Iran to demonstrate
the importance of reflective documentation and communication within the project pathway. Zaribar, as in
many other projects, has used two levels of documentation, technical and management. The results of each
step are discussed in technical reports. The contextual details of the project in regard to its objectives, time
and budget are recorded in management level documentation. These forms of documentation provided little
opportunity for experts to be explicit about the decisions and options taken. The novel pathway diagram
tool (Chapter 3) is adapted here to fill the gap between the management and technical reports, illustrate the
role of communication within the project, and identify lessons learnt. After mapping the path of the project,
reflective practices literature was used to suggest potential changes, summarised in a lessons learnt
pathway. The lessons learnt pathway discusses the potential role of multimedia communication meetings,
interactive and reflective documentation, risk-based argument and analysis, and use of dummy results.
These alternative means of communication and documentation could have helped make the pathway even
more effective and agile.
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The chapter calls for IWAM projects to explicitly plan documentation and communication activities
that open the decision making black box and enable reflection. Dead-ends and locked-in pathways can be
identified on time and avoided if there is more transparency about the process. Resulting adaptive and agile
pathways have the potential to improve effectiveness, efficiency, and therefore the societal contribution of
modelling projects. Requirements of practical and effective reflective communication practice include:
1.

the decisions, assumptions, resources and knowledge should become clear for all the team members,
stakeholders and decision-makers.

2.

communication should be an interactive and reciprocal activity which includes an action and a reaction
(Janse, 2008), so the receiver of the information should not be passive and should be actively engaged
(Janse, 2006; O’Connor et al., 2019) to make sure that real feedback is obtained and the message is
clearly received.

3.

the formality of the reflective process should be balanced: over-formalising the reflection process could
render it a ritual dance, but at the same time it is important to put aside the required resources and time,
and improve awareness of the necessity to allow the reflection to happen on time.

4.

practitioners need to create an atmosphere of trust and reduce the fear of making mistakes or speaking
about them. This environment can promote learning, creative thinking and prevent anchoring to
standard methods (Lahtinen et al., 2017).

5.

Reflective practice involves the interaction of three essential skills: critical thinking to challenge the
assumptions and context; self-awareness to evaluate the knowledge derived, and reflection to promote
self- and social awareness and social action.

Project pathways can be extremely complex, which makes their construction a non-trivial conceptual modelling
task. The importance of approaching this as a soft systems problem is emphasised in this chapter, and it is expected
that reflection would need to focus on a specific identified problem rather than aiming for a more generic pathway
representation. Chapter 7 demonstrates a case where a simplified pathway is used only to provide context, with
alternative methods to support reflection. As such, the artifacts in this chapter are firstly intended to emphasise the
importance of reflecting on communication and documentation rather than provide generally applicable solutions to
doing so. New artifacts will likely be needed for more complex cases.

Contribution
The chapter suggests a new level of documentation, which focuses on the pathway of the project and
contains the decisions and available options at each decision fork. The pathway documentation has a broad
stakeholder audience, with the aim to encourage reflection and increase transparency. Pathway
documentation can improve awareness around the human factors affecting decisions and consequently
decrease their negative effects. The pathway diagram initially introduced in Chapter 3 is repurposed and
redesigned in this chapter to facilitate reflective communication on past projects, digging in more depth
into the actual rather than planned project pathway. Finally, the chapter suggests designing a reflective
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documentation and communication plan and adjusting it regularly to make the pathway more adaptive and
reflective.

This chapter is published in the following paper:
Zare, F., Guillaume, J.H.A., Jakeman, A.J. and Torabi, O. (2020), “Reflective communication to
improve problem-solving pathways: Key issues illustrated for an integrated environmental modelling case
study”,

Environmental

Modelling

&

Software,

Vol.

126,

p.

https://doi.org/10.1016/j.envsoft.2020.104645
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6.1 Supplementary materials: Zaribar Remote sensing
project
In this section, we provide a more detailed description of the case study used in the main text,
including a further explanation of the pathway diagrams. Parts of the main text and figures are
duplicated here for ease of readability.
In this case study, the aim was to analyse land-use changes with respect to trend, type, intensity,
rate and place using remote sensing techniques in order to help identify the reasons for the changes in
a lake, facilitate restoration planning, build trust between stakeholders and the research team, and
achieve a shared understanding of land-use changes. This project was part of an overarching project to
restore Zaribar lake, in Kurdistan province, Iran. In 2012, a restoration study project started following
reports that the lake faced some serious issues such as a change in the physical shape of the lake,
increasing pollutants and pollution load (Reyahi-Khoram and Hoshmand, 2012; Sharifinia et al., 2013),
sedimentation (Karbasi Abd and Bayati, 2008), excessive algae, lack of dissolved oxygen, odours, fish
kills, increases in floating plant and other type of plants such as reeds, Typha latifolia and Cyperus
longus. The local people panicked and strongly believed that plants were covering the whole lake. Some
were interviewed by the press, with some news reports giving dire statements like the “lake will be dead
in 5 years”. The residents started fires and burnt the plants in their effort to save the lake. These actions
only worsened the condition of the lake. A participatory project that involved the first and last authors,
was initiated to find out the drivers and causes of the problem, and identify and implement an effective
solution. Figure 5 shows the pathway of the Zaribar restoration project. We took this road to reach our
desired results. In this pathway, options other than the one selected are also shown, along with changes
in the path, phases and steps that needed to be redone.
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Figure S6-1: Zaribar pathways (copied from main article)
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Figure S6-2: Notes referenced in Figure S10

Phase 1. Define the project
During the first steps of the restoration project, some questions were raised about the trend, effects,
sources and rate of land-use changes in the basin. To answer these questions, we set up a meeting to
define specific information needs. This prepared the team to select the right approach to answer the
needs and questions raised during the meeting. The first option was to use existing research findings
and try to obtain the answers from them. The second option was to start a remote sensing (RS) land-use
change detection project. Remote sensing project costs more in terms of money and time than a literature
review option (Table S4), but it is a more acceptable option in terms of accuracy, credibility, and
legitimacy. It would also answer all our questions, and the stakeholders might trust the outputs more.
The outputs of this project were supposed to be used for restoration, so the time and cost were less
important than other criteria, and the team decided to start an RS project.
Table S6-1: Comparison between options in Approach selection fork

Criteria
Time
Cost
Accuracy
Credibility of results
Legitimacy
How many of our
questions will be answered?
How likely is the
stakeholders’ trust in the
output?

Remote sensing option
More
More
More
More
More
Almost all

Literature review option
Less
Less
Less
Less
Less
Less than half

More

Less

The next decision fork involved the selection of team members, where we had two options of
having a team formed from RS experts or having an interdisciplinary team. Since the output of the RS
research was supposed to be used in the restoration project as well, we decided to have an
interdisciplinary researcher who should be a member of a synthesis group in the restoration project as
well (Figure S12). The reason for this decision was to make sure both projects would have common
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aims, and information would flow between them. Besides, we needed the result of RS research to be
analysed based on socio-economic changes and having an interdisciplinary team helped to achieve this.

Figure S6-3: The project decided to link the restoration and remote sensing teams by
including an inter-disciplinary researcher in both

Phase 2. Problem definition
This phase started with a meeting between the Restoration team and the RS team. It is worth
mentioning that, from this step on, the interdisciplinary researcher took part in all the meetings of both
projects and was involved in RS technical research and Restoration Synthesis research as well. In this
meeting, we discussed many issues to achieve a shared vision about the outcomes and framework of
the project. One of the issues, which was raised by RS team members, was the boundary of the study.
The restoration team members suggested using a hydrological boundary. This suggestion affected the
boundary decision in Phase 3.
The next meeting was between the Steering Committee (SC), RS and restoration teams, to inform
SC about the need for the RS project and get their reflection on our suggestion. Based on these meeting
discussions, the project plan was completed, and the report was sent to the SC for reflection and
approval. The project plan contained the aim and scope of the project, expected outcomes, timeline and
budget.

Phase 3. Define the analysis specification
This phase involved many decision forks. One of the main ones was about the spatial boundary,
with two key options being the hydrological boundary or an overarching boundary. Figure S13 shows
the hydrology basin (yellow) and overarching basin (red) which is the union of groundwater, surface
water and the socio-economic affected areas. Although we were aware there were two options based on
the previous phase’s meeting, we chose the hydrological boundary.
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Figure S6-4: Two options considered for the analysis boundary (original project
document). The yellow basin is the lake’s hydrological boundary; the red
boundary is the overarching boundary, combining surface hydrology,
groundwater and socio-economic concerns

The next decision fork was the time scale of analysis; we needed to see the effects of the socioeconomic changes on land use during the Iran-Iraq war (1980-1988), but the oldest usable satellite
image was 1984, so the timescale was 1984-2014.
The third decision fork involved selecting the land use classes to analyse. We had a series of
meetings with experts in agriculture, environment, and socio-economics from the restoration team and
we decided to have seven land use classes: forest, natural vegetation (bushland), agriculture, reed plants
(Typha latifolia and Cyperus longus), floating plants, water and residential area. The changes to these
classes answered our questions, and there was no need for more detail or complexity.

Phase 4. Selection of desired satellite and images
specification
Discussions in previous phases affected the options and decisions in this phase. As we decided to
investigate the detection of land use change from 1984 to 2014, one of the best options was imagery
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from Landsat satellites, as they have availability from 1972, and they are free and available and possess
an acceptable resolution.
There were two options for the time step of imagery: yearly or every three years. The yearly option
would increase the complexity, error and cost of analysis without adding substantial benefit. A threeyear time-step was selected.
To decide which months of imagery to use, we asked restoration team members when it was the
best time to distinguish agriculture, natural vegetation (bushland) and forest classes and when water
and floating plants reach their maximum coverage. Based on expert recommendations, June and July
have the most vegetation cover and the least cloud coverage.
Based on the decisions in this phase, a project status report was sent to the Steering Committee to
obtain their feedback. It should be noted that this report was a standard project report about the current
situation of the project and future plan, it contained the project changes based on the project plan (phase
2) and the plan for next phases. It did not mention other options at each fork.

Phase 5. Preparation of images
In this phase, an archive of 97 Landsat satellite images (Table S5) was made. Then, for every three
years, we selected one image in June or July. We calibrated the images and prepared them for the next
phase. The third report, which was of a project management type, was sent to the Steering Committee.
Table S6-2: information of images archive

Period

No of images

Sensor

Satellite

1984-2011

26

TM

Landsat 4-5

1999-2002

6

ETM

Landsat 7

2004-2014

63

ETM+

Landsat 7

2014

2

OLI

Landsat 8

Phase 6. Image processing
All the nine images were classified with an unsupervised clustering technique. We used the Kmeans method and 28 clusters (7 classes × 4 clusters each). In a meeting with all the restoration team
experts, the results of clustering were presented to obtain their comments and reflections. We received
some questions, which were out of the boundary of our analysis; such as regarding the rate of urban
expansion or agricultural development. The meeting concluded that the results could not address all our
needs, as the study area did not include the groundwater and socio-economic boundaries completely.
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One of the hypotheses for the restoration plan was the impact of agricultural development and city
expansion on the lake’s condition, so a socio-economic boundary was needed to detect the changes in
these elements. Land use characteristics also affect groundwater infiltration and level, so the
groundwater boundary was now seen essential as well.
We, therefore, reached a decision fork requiring a plan to deal with this issue. The first option was
to continue the research with the same boundary and focus on this area for the restoration project as
well. It was a valid option as the existing results covered the hydrology area, but it did not meet all our
expectations, and at the end, we could not analyse agricultural and city changes and their feedback on
the lake and vice versa. The next option was to change the boundary to the originally identified
overarching boundary; this change in boundary would require four more months of work and associated
cost. The project, therefore, returned to the decision fork about boundary selection.

Phase 3(b). Define the analysis specification
After extensive discussion between the Restoration team and the RS team, it was considered that
it was essential to study both the area which is affected and the area which has an effect on the lake, so
the overarching boundary needed to be adopted even if it meant returning to previous phases.

Phase 4(b). Selection of desired satellite and images
Changes in boundary did not affect any decisions about satellite and images specification.
However, in many other cases, it is possible that changes in boundary could have affected this phase as
well.

Phase 5(b). Preparation of images
Because of changes in the boundary, the preparation phase needed to be redone. From the imagery
database (Table S5), we selected the best images with the least cloud coverage. The ideal time step was
still 3- years and the best month was July to capture the vegetation area. In cases where there was a
problem with the image at the expected date, we chose the closest date. Table S6 shows the list of final
images.
Table S6-3: Selected images
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Satellite

Sensor

Date

path

row

Landsat 8

OLI

2014- July

168

35

Landsat 4-5

TM

2011- July

168

35

Landsat 4-5

TM

2009- July

168

35
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Landsat 4-5

TM

2006- July

168

35

Landsat 7

ETM

2002- July

168

35

Landsat 5

TM

1998- June

168

35

Landsat 4-5

TM

1989- July

168

35

Landsat 4-5

TM

1987- July

168

35

Landsat 4-5

TM

1984- July

168

35

Phase 6(b). Image processing
The unsupervised classification was repeated for the new images. We again used the K-means
method and 28 clusters (7 classes × 4 clusters each). The results were presented to the restoration team,
and they agreed that the overarching boundary results addressed their needs. A technical report about
the unsupervised classification result was sent to the Steering Committee.
With this approval, the supervised classification step started. At this decision fork, we had to
decide which method to use. We classified the images using the methods listed below to select the best
one in the next steps. We needed some samples to train the model for classification which we obtained
from both fieldwork and Google Earth. Figure S14 shows the map of training points. Each coloured
shape on the map represents training samples of a specific class.
Classification Methods:
•
•
•
•
•
•
•

Minimum Distance Classification
Mahalanobis Distance Classification
Maximum Likelihood Classification
Spectral Angle Classification
Neutral Networks Classification
Support Vector Classification
Spectral Divergence Classification

We combined topographic data with satellite images and then used these methods to classify the
land use.
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Figure S6-5: Training samples map (from the field visit)

Phase 7. Validation of the results
To validate the first results of the supervised classification step, we used different methods such
as using reports, papers, maps and even news. We identified some visible changes in land use, such as
the dike built in the lake’s outflow and a new stadium. Then, we compared the actual date of these
changes with the changes captured in the resulted maps to validate if the maps were able to identify
these changes or not. We visited the basin and obtained samples of each land-use class to train the
model. In addition, we performed some interviews and surveys with farmers, residents of the basin (city
and villages) and experts about noticeable changes to further validate these changes. Based on the
validation step, the classification was finalised and the results presented to the restoration team to reflect
on.

Phase 8. Analysis of the results
The final classified land use maps for each year was analysed based on the social and economic
changes and major infrastructure changes in the hydrologic system. The results were presented to the
Steering Committee as maps, figures, and animations of each land-use change, and animation of
changes in the basin (all land use), with supporting interpretation and analysis.
During the meeting with the Steering Committee, we mentioned that we also had the results for
the hydrological boundary from the first steps. We believed that changing the path was not a negative
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thing in the context of the learning process (Hämäläinen and Lahtinen, 2016) and, indeed, prevented
the failure of the project. Changing the path is an adaptive problem-solving approach, and it is a way to
cope with the uncertainty involved in the process and each decision made.
Surprisingly, the Steering Committee asked to have the results for both boundaries in the final
report. The hydrology boundary highlighted changes to the lake and nearby villages, and it was useful
for the Environment Department. The overarching boundary was seen as useful for the agriculture
department, environment department and city council plans, as well as for integrated basin management
and strategic planning of the province. Based on the reflections received, the report was finalised. The
project was approved successfully, but it took four months longer than the primary plan and at an
increased cost.
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Chapter 7: Chapter 7: Reflective and formative
evaluation
Previous chapters highlight the fact that IWAM is a path dependent research process which benefits
from being reflective. This chapter focuses on answering "How can researchers monitor and evaluate an
IWAM process in order to support it as an adaptive process?"
Evaluation should be an imperative topic in IWAM research. The evaluation step, however, is usually
described as an activity at the end of the process (Jakeman et al., 2006; Voinov and Bousquet, 2010) which
generally focus on the past activities, however evaluation is useful for the present as well as the future steps
(Hamilton et al., 2019). Chapter 7 builds on the previous chapters by investigating the evaluation of an
IWAM pathway in a way that aims to improve the ongoing or future modelling, i.e. "formative" evaluation
(Hamilton et al., 2019). Integrated modelling is a social process rather than just a technical procedure, so it
is critical to evaluate the process effectiveness and not just the modelling results (Hamilton et al., 2019),
and to do so in a way that aims to improve current and future processes.
Reflective and formative evaluation
Chapter 7 designs and applies a formative and self-reflective monitoring and evaluation (M&E)
process (artifact) based on the reflexive monitoring and evaluation literature (Gibbs, 1988; Holzer et al.,
2018; Van Mierlo et al., 2010; Zare et al., 2020). The suggested M&E was tailored to an integrated
assessment and modelling project in the Campaspe catchment, part of the Murray-Darling Basin in Victoria,
Australia. The M&E process consists of six steps: 1) review of documents to understand research goals,
priorities and records, 2) convey a pathway assessment, 3) reflective meetings with each team member, 4)
analysis of meetings' qualitative data to identify perceived strengths, weaknesses, successes and failures
and suggested actions, objections and goals, 5) survey of the identified goals, objectives and actions, and
6) a report of approved actions based on the conducted survey to team members.
Four overall goals and constituent objectives and actions were identified from the discussions in the
reflective meetings with team members. Most of the actions were approved in the survey, and the final
action plan was sent to the team. The evaluation indicated the benefits of such a formative M&E to provide
further support in achieving an adaptive and efficient modelling-based, problem-solving project. This
chapter contains one round of reflective monitoring and evaluation, but it is suggested to deliver this
monitoring at different steps of the IWAM pathway and to adapt and adjust the pathway more regularly if
it is needed.
Contribution
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The main contribution of this chapter is the design of a formative and self-reflective M&E process and
its application to an integrated assessment and modelling (IAM) project. The M&E process of reflective
monitoring represents a synthesis of several component methods and may be adapted for application to
other studies. The experience of involving the IAM team in evaluating the pathway was considered positive
by all members in the Campaspe case study. The main conclusion of this paper is the need to combine
conventional common evaluation approaches, which typically occur at the end of a project, with ongoing
self-reflection-based monitoring to achieve a more adaptive and efficient modelling project.

This chapter is submitted to Journal of Hydrology as a research paper:
Zare, F., Guillaume, J.H.A., ElSawah, S., Croke, B., Fu, B., Iwanaga, T., Merritt, W., et al. (2020), “A
formative and self-reflective approach to monitoring and evaluation of interdisciplinary team research: an
integrated water resource modelling application in Australia”, Journal of Hydrology (Under review)
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Fenner School of Environment and Society and Institute for Water Futures, Australian National
University, Building 141, Linnaeus Way, ACT, Canberra 2601, Australia
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Capability Systems Centre, School of Engineering and Information Technology, University of New
South Wales, Canberra, Australia
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Flinders University, Adelaide, Australia
Abstract
Recent literature on model evaluation has highlighted the need to go beyond the evaluation of results
and outputs of a problem-solving pathway (process) and monitor and evaluate the pathway itself to improve
ongoing activities and achieve the desired impact. By reflecting on what decisions have been made, the
reasons, influences and effects of each decision, such evaluation can improve the learning process of
stakeholders and researchers. The authors designed and applied a formative self-reflective monitoring and
evaluation (M&E) process to an integrated assessment and modelling project in the Campaspe catchment,
part of the Murray-Darling Basin in Victoria, Australia. The M&E process consists of six steps: 1) review
of documents to understand research goals, priorities and records, 2) pathway assessment, 3) reflective
meetings with each team member, 4) analysis of qualitative data from meetings to capture perceived
strengths, weaknesses, successes and failures and suggested actions, objections and goals, 5) survey
eliciting feedback on identified goals, objectives and actions, and 6) a report of approved actions based on
the conducted survey to team members. Four overall goals and constituent objectives were identified with
42 actions, and between 37 and 42 of these actions appear to have support for adoption. The evaluation
indicated the benefits of the M&E approach to achieve a more adaptive and efficient problem-solving
modelling and assessment project.

Keywords: reflection, evaluation, monitoring, integrated assessment, pathways, participatory
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7.1 Introduction
Participatory Integrated Water Assessment and Modelling (IWAM) as a transdisciplinary research
approach aims to study complex water resources issues, which requires amalgamating, structuring and
sharing relevant knowledge from multiple scientific disciplines and multiple perspectives of stakeholders,
researchers and decision makers (Jakeman and Letcher, 2003; Laniak et al., 2013; Rotmans and van Asselt,
1996; Voinov and Bousquet, 2010; Zare et al., 2019). Integrated modelling research, in terms of
publications at least, has increased during the last 50 years and has passed its “conception”, “formation”
and “practice” stages and now is in a “maturity” stage (Zare et al., 2017). Like any other participatory and
transdisciplinary research in its maturity stage, integrated modelling research benefits from applying
reflexive approaches to dig deeper into, and go beyond, current practice (Popa et al., 2015; Seidl, 2015). A
common approach involves evaluation of modelling projects (Hamilton et al., 2019).
Integrated modelling is a social process rather than just a technical procedure, so it is critical to
evaluate the pathway of the development and the product (Jakeman et al., 2006) and not just the model
results (Hamilton et al., 2019) because the quality of practices used through the modelling pathway affects
the results (Moallemi et al., 2020) and defines the effectiveness of Integrated Water Assessment and
Modelling (Badham et al., 2019).
However, traditional evaluation of the modelling pathway (process) typically happens, if at all, at the
final stage to assess the model and its results (Bandara, 2007). Substantial research has argued for evaluation
of the project pathway while it is still ongoing (Alvarez et al., 2010; Badham et al., 2019; Hamilton et al.,
2019) in order to understand and improve the effectiveness of both the immediate and any future modelling.
Evaluation should be part of an iterative and adaptive process that links and has the potential to engage
interested scientists, decision makers, interest groups and the broader public towards achieving impact
beyond the merely technical performance of a model (Hamilton et al., 2019). It has been suggested to apply
a monitoring and evaluation process as an integral activity during all steps of participatory planning
processes (Hassenforder et al., 2016) to help achieve an adaptive pathway. Approaching the project pathway
in an adaptive way allows team members to aim for ambitious outcomes and change their activities over
time to achieve them (van Mierlo et al., 2010).
Process evaluation, in turn, relies on transparency about the research process, particularly the valueladen assumptions and subjective choices made by modellers (Khatami et al., 2019; Van der Sluijs, 2002).
The perceptions of both the problem and results are largely dependent on the cumulative effects of
individual choices at each decision fork (Moallemi et al., 2020). These methodological choices are
influenced by a variety of human factors such as different cognitive, behavioural and mental frameworks,
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as well as the biases, beliefs, heuristics, experiences and values of those involved (Glynn et al., 2017;
Hämäläinen et al., 2013; Madani and Khatami, 2015).
The need for a new paradigm of evaluation in modelling has previously been highlighted (Hamilton
et al., 2019; Hansson and Polk, 2018) but little attention has been paid to developing and testing the practical
processes required to deliver on these evaluation needs. Evaluation of an ongoing modelling process in
transdisciplinary and complex problem-solving projects, such as in IWAM, that considers human factors
needs critical, systemic and reflexive approaches (Arkesteijn et al., 2015). Reflexive monitoring approaches
encourage the practitioners and researchers to observe, analyse, reflect and adjust their actions (van Mierlo
et al., 2010). Purposeful and ongoing reflection through the IWAM pathway is particularly vital to facilitate
the necessary and timely iteration, and consequently to improve the efficiency and effectiveness of the
modelling process (Zare et al., 2020). Reflexive monitoring as treated here is based on the reflective
practices literature; thus, Section 7.2 discusses the insights from reflective practices and the distinctions
between different forms of reflexivity in more detail.
In response to this need for practical applications, this paper designs and applies a formative and selfreflective approach to monitoring and evaluation specifically tailored to an IWAM project in the Campaspe
catchment in North-Central Victoria, which is part of the Murray-Darling Basin, Australia. The Campaspe
project is being implemented by a specialist team of interdisciplinary researchers (see Section 7.3) largely
from the Integrated Catchment Assessment and Management Centre (iCAM) at the Australian National
University, which has a focus on integrated catchment modelling and assessment. The lead author, who led
the evaluation process is affiliated with iCAM but did not have any position in the Campaspe project other
than evaluating it as an involved outsider (discussed in Section 7.2.3).
Over the last two decades, iCAM researchers have engaged with the topic of evaluation from different
perspectives. Initially, the evaluation focus was on the evaluation of the model performance against its
objectives ( e.g. Bennett et al., 2013; Jakeman et al., 2006), and then it augmented this with evaluation
under limited data (Hamilton et al., 2015), moving to summative evaluation (Kelly, 2012) and analysis of
success factors of modelling outcomes as learnt from 15 Australian water resource projects in which iCAM
was involved (Merritt et al., 2017). Recent work has provided a comprehensive overview of the process,
methods and criteria for evaluating the effectiveness of modelling projects (Hamilton et al., 2019), as well
as providing a comprehensive list of procedural questions to consider at the different phases and steps of
the modelling process (Badham et al., 2019). This paper is the latest stage in this evolving journey, focusing
on the research question: “how can a team of researchers engage in formative, reflective evaluation to
improve their own IAM pathway and the choices therein?”. The approach taken is consistent with design
science research (Hevner et al., 2004), focusing on design of an “artifact” (here, an evaluation process) for
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the circumstances at hand, while documenting the artifact and its construction in such a way as to allow it
to be adapted to other circumstances in the future (Gregor and Hevner, 2013).
The remainder of the article is organised as follows. Section 7.2 presents foundational concepts of
reflective and reflexive approaches, their distinction, and their connection with evaluation, and also
discusses the literature on facilitation of a reflexive monitoring process. Sections 7.3 and 7.4 present the
case study and the monitoring and evaluation process developed. Then the data analysis and the results of
the monitoring and evaluation of the case study are presented in Section 7.5, which includes results with
respect to the pathway of the project, opportunities for improvement arising from reflective meetings, and
team member perceptions of proposed actions. Section 7.6 discusses the insights gained from this research.

7.2 Insights from reflective practices
7.2.1 What is a reflective approach?
The need to shift from conventional common evaluation approaches, which are largely summative, to
formative approaches is more critical in multidisciplinary projects facing complex issues. In such projects,
effective adaptation in response to changing circumstances is essential (Hamilton et al., 2019). Formative
evaluation occurs during a process so as to modify the activities involved to improve that process (Patton,
2006). Result-oriented evaluation or impact evaluation judges the gained results against the objectives set
for the project, while a reflective approach facilitates and provokes an ongoing and integral activity to
enable adaptivity during the project (Roux et al., 2010). It is believed that evaluation leads to reflection, but
experience suggests this is rarely the case (Roux et al., 2010). Therefore, it is recommended to explicitly
plan for, and adopt, reflective communication and documentation to identify pitfalls along the project
pathway, and adapt that path in a timely fashion to new information and circumstances (Zare et al., 2020).
The definition of reflection may differ among disciplines and even within a discipline (Finlay, 2008)
but is commonly described as a dynamic, open, unpredictable and deliberate process in which people think
about past or ongoing experience to evaluate, inform and improve future choices, decisions or actions
(Collier, 2010; Reynolds, 2011; Zare et al., 2020). A reflective cycle is a process of reflection which
involves a number of steps that involve describing the event and situation, expressing the sentiments and
thinking around it, then assessing and analysing it and finally concluding and setting an action plan (Gibbs,
1988). Reflection is recognised as an important factor to strengthen multi-disciplinary, inter-disciplinary
and transdisciplinary research consortia (Cochrane et al., 2017; Popa et al., 2015; Wickson et al., 2006). It
can provide a systematic and critical approach to increase’ awareness of researchers about influencing
factors - such as biases, beliefs, values, heuristics and thinking methods - on the decisions and choices
during the journey along the modelling pathway (Moallemi et al., 2020; Zare et al., 2020). These influencing
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factors impact the problem conceptualisation, as well as the development of the method of investigation
and the solution (Moallemi and Köhler, 2019; Wickson et al., 2006). Therefore, reflection is recommended
to practitioners to craft “active and aware decisions and to be more conscious of their practice” (Collier,
2010; Schön, 1983).
Although reflection suggests observing and examining our practice and decisions as objectively as
possible, reflexivity, however, is a subjective process of actually exposing or questioning the reasons behind
our practice, including surfacing assumptions, innate biases, beliefs, heuristics, and values. In other words,
reflexivity is a complexification of thinking and experience, or thinking about the experience which is
related to but qualitatively different from reflection (Hibbert et al., 2010). In social processes, reflexivity
refers to “a collaborative process of acknowledgement, critical deliberation and mutual learning on values,
assumptions and understandings” that might produce ‘‘new meanings, heuristics, and stakeholder
identities’’(Popa et al., 2015). We use self-reflection interchangeably with reflexivity, meaning a process
of critically thinking and examining one’s practices and decisions in order to learn from it, and which might
lead to change in the decisions. We recognise that other definitions are possible and that reflexivity and
reflection are sometimes used interchangeably (Chivers, 2003; Finlay, 2008; Hibbert et al., 2010).
Reflective practice, which Schön (1983) discusses at length, is linked closely with problem-solving
research approaches and forms of enquiry. The need for more widespread reflective practice is highlighted
in several studies because more theoretically-driven research sometimes lacks a sense of critical distance
or reflexivity about its own products and procedures (Ball, 1997). Botha et al. (2017) outlined the need for
reflexive monitoring to support processes of co-innovation and their institutional embedding. Mauthner and
Doucet (2003) argued the need for reflexivity in qualitative data analysis to improve awareness of
influential issues affecting one's analysis, such as the context of research and assumptions in data-based
methods. Thus self-reflection counters the biases the researcher brings to their research. In order to conduct
self-reflection, the researchers and practitioners should be motivated, open-minded, and self-aware to be
able to describe experiences, critically analyse them, connect new to existing knowledge, and make
judgements about the value of experience (Atkins and Murphy, 1993).

7.2.2 Reflexive monitoring & evaluation
A distinct literature exists on reflexive monitoring and evaluation (M&E), which involves team
members reflecting on a project and their performance to support learning from the exchange of ideas and
reflection (Rijswijk et al., 2015; Van Mierlo et al., 2010). Reflexive M&E encourages participants to
regularly reflect on aim, practices and other aspects of the project, thereby helping to keep a project coherent
and efficient whilst avoiding mapping out and committing to an inflexible pathway beforehand (Van Mierlo
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et al., 2010). A reflexive M&E approach can take the form of individual or collective reflection. Collective
(or communal) reflection, in addition to individual reflection, is critical for transdisciplinary and
multidisciplinary research, such as in IWAM, because individuals or groups from multiple disciplines and
perspectives inform and transform each other throughout the project pathway in respects that cannot
typically be captured by a single individual (Wickson et al., 2006). The reflection should happen frequently.
Zare et al. (2019b) suggested the use of reflective communication at the end of each project phase to
validate, confirm or debunk results and/or the success of the phase, and to assist in efficiently reaching
objectives by identifying the need for iteration as early as possible.
As one example of reflexive M&E, Roux et al. (2010) suggested a framework to facilitate the coreflection process during a transdisciplinary research project in order to help shape the processes,
behaviours and relationships required for achieving the goal. They argued that the suggested framework
and co-reflection process could help achieve social learning and broad accountability across the
stakeholders. To enable ‘learning by doing’ in the co-reflection process, they argued that supportive regular
co-reflection workshops should take place from the commencement of a program. The Interactive Learning
Approach (Regeer et al., 2009) is another example which used reflexivity from a similar point of view. Van
Mierlo et al. (2010) suggest a reflexive monitoring cycle as a practical guideline to put that reflexive
monitoring into practice, which is aligned with the reflective cycle (Gibbs, 1988). The reflexive monitoring
cycle consists of: observation of what is happening in the project; analysis which can be performed by a
monitor or the project manager, alone or together with the project participants; a collective analysis to
clarify the various perspectives of the participants; and finally, reflection on assumptions and values,
personal actions and other topics based on the preceding steps and, potentially, adjustment and adaptation
of the project.
Reflexive M&E approaches bear some similarity in methods to other iterative evaluation approaches
but differ in their emphasis. For instance, Holzer et al. (2018) suggest an iterative approach to evaluate
transdisciplinary research on socio-ecological systems. The suggested approach uses in-depth interviews to
understand the context of research and examples of successes and failures. In a subsequent step, a survey
is used to collect quantitative data from a larger group, the analysis of which feeds into focus group
discussions and a final report. A deliberate strength of this approach is the use of multiple complementary
methods of data collection that adaptively build on each other within a grounded theory context, without
prior hypotheses. The emphasis, however, is on collecting data rather than specifically to facilitate reflection
by the project participants themselves.
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7.2.3 Facilitation of a reflective monitoring process
Embedding reflective evaluation into transdisciplinary research is not always easy, as it challenges
skillsets, identities and role perceptions of researchers. A facilitator can provide useful support to ensure
that reflective evaluation is carried out with an open spirit and no intent to blame. Rijswijk et al. (2015)
labelled this role a “reflexive monitor” who helps the team to challenge and change assumptions, practices,
and underlying institutions in the design or management of a project, through an on-going process of
evaluation in an action research setting. The reflexive monitor role is context-dependent, and there is no
fixed recipe for it. However, focusing on developing solutions to a problem and taking a flexible, adaptive
approach are essential elements in ensuring that monitoring and evaluation are effective.
A spectrum for reflexive monitors ranges from appreciative inquiry to critical analysis (Rijswijk et al.,
2015; Van Mierlo et al., 2010). In an appreciative inquiry role, the reflexive monitor is an involved
participant in the project and helps to build a safe environment for the team to find solutions based on what
works within the project. In a critical analysis role, the reflexive monitor is an involved outsider and helps
to build insights within the project team. A reflexive monitor can be somewhere between these two ends
based on the context and the situation, and their role might change during the project from one side to the
other side of the spectrum. It is crucial that the monitor not fulfil too many other tasks within the project to
help maintain a critical analysis. The monitors can help keep the level of ambition up in the team by asking
appreciative questions to facilitate valuable reflection (Rijswijk et al., 2015).
In this paper, we use the term “monitor” to refer to individuals designing, implementing, and managing
the self-reflective monitoring and evaluation process. In the Campaspe, the first author, the monitor, was
not responsible for any project component but was involved in many workshops and meetings as an
observer, and therefore, could be placed near the critical analysis end of the spectrum as an involved
outsider (Rijswijk et al., 2015; Van Mierlo et al., 2010). According to (Rolfe et al., 2001), the reflexive
monitor can ask three simple forms of questions to facilitate reflection on a situation: What? So, what? and
now what?.


What ...is the problem? ...was my role? ...happened? ...were the consequences?



So, what ...was going through my mind? ...should I have done? ...do I know about what happened
now?



Now, what ...do I need to do? ...broader issues have been raised? ...might happen now?

The first question covers the descriptive level of reflection. The second question aims for theory and
knowledge building. The final question can make the most significant contribution to practice (Rolfe et al.,
2001) because it precisely asks about essential action to change the situation.
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More generally, an in-depth reflective interview is reported to be an important effective tool (Chivers,
2003) and has been used in other project evaluation research. In an instructive example. Kunseler et al.
(2015) examined two foresight projects of the PBL Netherlands Environmental Assessment Agency to
explore how foresight researchers in practice attempt to balance salience, credibility and legitimacy while
generating knowledge in interaction with policy makers and other social actors. They collected data using
participant observation, interviewing and document analysis. They became actively involved in the projects
and contributed to team evaluation. They used an evaluation form with open-ended questions which gave
the team member the ability to express his or her individual experiences of the process. They complemented
these reflection forms with a group discussion to reflect upon these experiences and identify lessons learned,
as well as with interviews of internal peers who were distantly involved or experts in the topic who helped
to complete the lessons learnt. The combination of individual and group reflection guided by a monitor is
a common tool that is adopted here.

7.3 Campaspe project: Integrated Assessment of Water
Allocation and Use Opportunities
This paper describes reflection on the Campaspe Integrated Assessment and Modelling (IAM) project,
which started in 2012 and was ongoing at the time of this research. This project was initiated as a partnership
between the Murray-Darling Basin Authority (MDBA), the Australian National University (ANU) and
Flinders University, focused on the Campaspe catchment, which is located in North-Central Victoria, and
part of the Murray-Darling Basin in Australia ( Figure 7-1). The aim of the project was to conduct an
Integrated Assessment of Water Allocation and Use Opportunities in the Campaspe, partly in response to,
but going beyond, the shorter-term issues in the Murray-Darling Basin Plan (Iwanaga et al., 2018) which
defines environmental objectives such as increasing water availability for the environment (North Central
Catchment Management Authority, 2014). The project team includes expertise in the social sciences,
hydrology, climatology, hydrogeology, policy, ecology, agriculture, economics, computer science and in
participatory integrated assessment and modelling.
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Figure 7-1: Map of the Lower Campaspe catchment (left panel) in relation to the MurrayDarling Basin (top right) and legend for Campaspe catchment (down right).

An integrated modelling exercise was developed and used to study interactions between natural and
human systems, going beyond the MDB Plan’s specific objectives with respect to quantifying industry
water diversions that are environmentally sustainable. An integrated model and engagement process was
developed to study the consequences of various possible futures that considers climate, water policy (both
current policy and conjunctive surface-groundwater use innovations) and on-farm irrigation management,
on outcomes that include groundwater sustainability, farm profits and river ecology. The model is described
in Iwanaga et al. (2018). Stakeholders were involved at all stages of the integrated assessment and
modelling, from scoping to problem framing and formulation, to model parameterisation, and evaluation
of assessment outcomes through several workshops, meetings and interviews (Ticehurst and Curtis, 2019).
The pathway taken by the project is further analysed in Section 7.5.1.
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7.4 Method: Formative and self-reflective monitoring and
evaluation of the Campaspe project
The formative and self-reflective monitoring and evaluation process undertaken consists of six steps
(Figure 7-2). This process was designed based on a synthesis of methods from a number of sources (Gibbs,
1988; Holzer et al., 2018; Kunseler et al., 2015; van Mierlo et al., 2010; Zare et al., 2020) to fit the needs
and general context of the Campaspe project. Formative and self-reflective monitoring and evaluation
process for Campaspe project was designed and applied once during 2018 while the social, farm and
economy, policy and ecology studies in the Campaspe project had been completed in, but surface water,
groundwater and integrated modelling were still ongoing. In the first step of the formative and selfreflective M&E, the documents of the project were reviewed to understand research goals and priorities
and the history of events, activities, decisions and outputs, and then a pathway assessment was constructed
(Step 2). In the third step, the monitor, the first author, carried out a reflective meeting with one each team
member from each discipline including social sciences, hydrology, climatology, hydrogeology, policy,
ecology, agriculture, economics, computer science and in participatory integrated assessment and
modelling. Most of disciplines just had one main researcher, social and groundwater which had more than
one, we asked invited them all but just they decided to nominate just one researcher to undertake the
reflection meeting. Analysis of qualitative data from those meetings was the next step to identify perceived
strengths, weaknesses, successes and failures. Based on the resulting list of goals, objectives and actions, a
survey was designed to obtain team members’ feedback on the identified opportunities to improve the
project pathway and those activities needed to achieve that. Lastly, a report of approved actions based on
the collective reflective survey was compiled and sent to team members. The next sub-sections discuss this
process in more detail.

Figure 7-2: Formative and self-reflective monitoring and evaluation process. Callouts are
outputs of each step
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7.4.1 Step 1&2: Review of documents & Pathway assessment
In the first step of the formative and self-reflective M&E process (Figure 7-2), the project plan and
documents were reviewed to understand the goals, objectives, achievements, challenges, and the pathway
of the project. Furthermore, team members were asked to provide all the documents (relating to their
discipline/sector/project component) that they have produced and used to communicate, and any feedback
and reflection that they received about those documents from stakeholders, other team members or decision
makers. Then, the received documents were studied and analysed.
A pathway diagram was produced based on the documents (Step 2). The pathway of the project is an
adaptively adjusted set of steps, including decision forks and points for reflection and iteration (Zare et al.,
2020). A pathway diagram is a graphical illustration of the project’s pathway which can be used as a
common language and flexible framework to achieve a coherent description of a modelling process,
explicitly showing the steps involved, and decisions and points at which stakeholders are involved (Zare et
al., 2019). Naturally, the resulting pathway diagram reflects the context and circumstances of the project
(Zare et al., 2019). These two interlinked steps and the resulting pathway diagram helped the reflexive
monitor to gain sufficient knowledge and reach a holistic understanding of the project before initiating the
reflective meetings.

7.4.2 Step 3: Reflective meetings
The M&E process continued with a series of reflective meetings facilitated by the monitor. Each
meeting involved the first author, as the involved outsider monitor, and one of the team members who was
responsible for a specific discipline/sectoral study. At the start of each meeting, its purpose was clarified as
being an evaluation of the Campaspe project, collecting their reflections to improve the next steps as well
as the pathways for future projects; and the M&E process to date was explained as well. The pathway
diagram was provided as a reference to help recall events and to prompt comments on them.
The monitor facilitated the meeting as a semi-structured meeting and asked general open-ended
questions consistent with the suggestions of Rolfe et al. (2001) so as to focus on What? So, what? And now
what? (Section 7.2.3). In this case, the questions used included:


What are your general reflections on the project?



So, what are the lessons learnt that you think are worth passing on to others?



And now, what do you suggest others should adopt or avoid?



What are the decisions that you wouldn’t make if you were in the same situation again?



So, what will you change if you were to start the Campaspe project again, any change in decisions
taken, approaches and activities?
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Now, what do you think could improve the Campaspe project pathway?

The monitor used the questions as prompts to facilitate the discussion rather than driving it (Gibbs,
1988). The interview continued with a discussion on the interesting ideas and issues that emerged during
the reflection. Establishing an atmosphere of trust is critical to facilitate such interviews and produce an
open reflection because the fear of mistakes could cause avoidance of creative thinking and prevent learning
(Lahtinen et al., 2017) which is one of the aims of reflection.
Notes were taken immediately after the meetings rather than during them in order to keep discussion
informal. The reports of those conducted semi-structured meetings were sent back to the participants, who
were requested to carefully look at whether the summaries reflected their views and edit, explain or expand
any points that they wished, as is standard practice for ensuring validity in qualitative analysis (Creswell,
2003).

7.4.3 Step 4&5: Analysing the reflective meetings & survey
During the reflective meetings, some issues were identified by team members to improve, change or
adapt the process. Also, good practices to be kept and continued were identified. In step four, a collective
list was made consisting of issues and good practices (confirmed by individual team members), along with
associated suggested actions and goals about different aspects of the project. This list was structured into
overall goals, subordinate objectives, and related actions. Some actions, points or goals emerged from
several points made during individual meetings. Some suggested actions were added by the facilitator based
on literature in order to complete the description of objectives. The structured list of goals, objectives and
actions was then formulated as a survey to elicit collective reflection on the next steps. It can be considered
as a light-weight alternative to a co-reflection workshop (Roux et al., 2010). The survey was sent to the
team members in order to get their approval on whether they think each action would be effective or not,
and whether they were willing to apply it or not. Figure S7-6 in the appendix shows the survey interface.
The following description of the survey was sent to the team:
“This survey is intended to support reflection on research practices within our group. It includes five
pages discussing four goals, with several possible objectives we could aim for, and specific actions we can
take. These ideas have mostly come out directly from discussions about the Campaspe project, with some
suggested based on the interpretation of discussions and review of the project documents. The four different
goals identified are: Improving documentation, Improving communication, Improving project process, and
Improving modelling process. The question now is: what actions do we think would be effective and worth
pursuing? And are there any other goals, objectives or actions which you think we need to consider?”
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7.4.4 Step 6: Results analysis and reporting
At the final step, the results of the survey were analysed and reported to the team. The report was sent
to everyone who was involved in the evaluation. The primary result from the survey comprises the raw
rating data based on the distribution of ratings for each action. The five-degree effectiveness range (-2,1,0,+1,+2) was utilised, where if someone selected an action to be ineffective and they would not apply it,
then the value of that action is -2, and if the action is considered effective and they would apply it, the value
is +2. With seven respondents, the total score, therefore, ranges from -14 to 14. There are many ways in
which individual ratings of the actions could be aggregated to determine which actions should be
implemented. This uncertainty is recognised by evaluating the results in multiple ways.
The rating data are aggregated in three ways - with a consensus rule, majority rule and score voting
rule. With the consensus rule, only actions that all team members support (i.e. assigning a score of 1 or 2)
were accepted, and the actions that all team members opposed (i.e. score of -2 or -1) were rejected. With
the majority rule, actions with majority support (i.e. four or more team members out of seven) were
accepted, and actions that the majority opposed were rejected. With the score voting rule, the score of each
action was calculated, then actions were considered accepted when they had a total score above a threshold
(4 out of 14). For all rules, the classification of actions that were neither accepted nor rejected was
considered to be indeterminate.

7.5 Data analysis and results
This section is organized around the following parts. Firstly, the pathway diagram for the project is
discussed. Secondly, potential opportunities for improvement in the project are presented as a list of goals,
objectives and actions, which are the result of reflective meetings. And finally, the results of the survey
based on team member perceptions of proposed objectives and actions are discussed.

7.5.1 Pathway diagram
The pathway diagram (Figure 7-3) was outlined based on collected project documents. The pathway
diagram shows communication activities such as the meetings between team members, team and
stakeholders, team and steering committee; it also shows the outputs and the documentations. The diagram
is recognised to be only as complete and accurate as the documents used to create it. The first version of
the diagram was presented in the reflective meetings, which helped to fill some gaps. As expected, the effort
to outline the pathway diagram was found to be a learning-by-doing process, which helped the monitor to
gain more knowledge about the project and acquire a holistic perspective on the process. Also, during the
reflective meetings, it helped the team members in recalling the process, the decision forks and activities in
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order to reflect on them, and in illustrating specific opportunities for improvement, with nearly all team
members referring to it as some point to clarify their explanations. And collectively, it helped the monitor
and team members to build a shared and clear understanding of the Campaspe project. The aim of using the
pathway diagram is to facilitate the dialogue in the reflective meetings as a reference point and the current
level of detail fits this purpose. However, the pathway diagram could be used to include more detail of
decisions as a communication and documentation tool (Zare et al., 2020b). Campaspe project was a
complex project which involved several disciplines working together, such that going into the next level of
detail (decisions) in the diagramming would make it too complicated to understand in a reflective context.
More detail about the participatory process and modelling decisions are published by Ticehurst and Curtis
(2019).
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Name
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Figure 7-3: Campaspe pathway diagram -partially anonymised, with the legend based on pathway diagram rules and elements
from Zare et al. (2020)
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7.5.2 Opportunities for improvement
The team members are overall quite experienced in integrated assessment and modelling, so
unsurprisingly the project has produced insights into future opportunities in the management of water in
the catchment as well as an understanding of the interplay of factors affecting catchment health
(e.g.(Iwanaga et al., 2018)). As IAM dictates, the project operates with participatory and collaborative
features as essential underpinnings to success. In terms of processes, the project follows best practices in
model scoping and development, listening to stakeholders and building the model according to their needs
(Badham et al., 2019; Jakeman et al., 2006). The model developed in the project also shows promise to feed
into further analyses, and there is anecdotal evidence that initial discussions with stakeholders have
prompted further work towards operationalising conjunctive water use principles.
Given that the development of IAM is in a maturity stage (Zare et al., 2017), team members recognised
the need to support further progress by examining project practices more deeply and were keen to join the
first author’s experiment in designing and testing an M&E reflexive process to sharpen their practices. Thus
the emphasis in this paper is on improvements in practices, and so the positive aspects of the project are not
further discussed here.
Analysis of the reflective meetings resulted in potential improvements that can be placed in four main
categories: documentation, communication, project process and modelling process (). The following section
provides more detail on each issue. Where possible, goals and actions are tied to the case study, but, in
general, they are presented at a relatively high level; details are omitted to protect the privacy of individuals.
The list of actions for each objective is outlined in the Appendix.

7.5.2.1 Goal 1: Improving documentation
During the reflective meetings, a lack of sufficient and effective documentation was identified as an
underlying cause of several issues and delays in the project. In this regard, improving “documentation
coverage”, “reflection” and “management of project documents” have been set as achievable objectives,
and for each of these objectives, several actions are suggested.
The Campaspe evaluation suggested that there is a need to enhance and refine the coverage of
documentation (Objective 1.1) in such a way that the entire research process is transparent and clear. The
documentation should materialise regularly (Actions 1.1.7, 1.1.8) with sufficient information. Also, the
level of detail should cover the decisions and methodological options in such a way as to be as transparent
as possible (Actions 1.1.1, 1.1.3, 1.1.6). The need for planning the documentation in the first step of the
project was highlighted (Action 1.1.2). Metadata, summaries and easy to understand fact sheets for each
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document could convey the meaning and aim of each document to people who will not read the detail
(Actions 1.1.4, 1.1.5).
Objective 1.2 suggests increasing the reflection that was undertaken during the project. In addition to
expanding the current level, coverage and frequency of reflection activities (Action 1.2.1), formalisation of
requests to reflect on documentation, and specifically on choices made could accelerate the reflection
process (Actions 1.2.2. and 1.2.3). Some reflection activities had already been performed (Figure 7-3) and
have supported project adaptivity. However, more structured reflection activities to perform the reflection
are suggested.
Furthermore, the process of creating, sharing, using and managing the knowledge and information
within the team, between the team and other parties can be expanded (Objective 1.3). Namely, the project
team could improve management and organisation of documents and files to keep up-to-date and easy-toaccess records of the project, including through document management (Action 1.3.1), version control
(Action 1.3.2), and folder structures (Action 1.3.4). Also, responsibility for project knowledge management
could be assigned as a formal role (Action 1.3.3).

7.5.2.2 Goal 2: Improving communication
The second goal aims to further improve communication during the project in order to strengthen the
ability of the team to consistently achieve a transparent, agile, adaptive and effective project pathway. Three
objectives were set in order to achieve this overarching goal, focusing on improving each aspect of
communication in this type of project: 1) communication between team members, 2) communication
between the team and external partners and 3) communication between stakeholders and modellers.
Improving communication among team members can further enhance the transfer of knowledge within
the team, which is crucial to achieving integrated research success as well as an integrated model. It was
seen that the communication between team members (Objective 2.1) could benefit from planning for
communication in the first phase of the project (Action 2.1.1), holding more regular formal meetings, and
additional informal gatherings, and team bonding activities (Actions 2.1.2 and 2.1.3).
Objective 2.2 dealt with identifying possible improvements to communication with external partners,
who were recognised throughout the project to be an important part of the team (Objective 2.2).
Collaborating with external partners is a valuable way to use others’ expertise, but it requires managing
communication and improving mutual project management in a way that distance and differences in work
style do not reduce the efficiency of the project. It was suggested to have additional, more regular meetings
and communications with external partners (Actions 2.2.1 and 2.2.2) besides explicitly appointing
someone, such as leader or project manager, specifically assigned to manage external partner interactions
(Action 2.2.3).
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The general understanding of the project, its aim, process and outputs would benefit from
improvement in the communication between stakeholders and modellers (Objective 2.3), thereby
integrating stakeholders’ ideas more opportunely into the modelling process and better enabling their
reflection on the modelling process. This communication would be more effective if modellers were
involved more frequently in stakeholder engagement workshops (Action 2.3.1), and also if the results of
other workshops were reported to modellers regularly (Action 2.3.2).
In the Campaspe project, regular meetings of the research group significantly enhanced its ability to
be reflective. Meetings happened at different levels such as within two disciplines (e.g. policy and social),
all disciplines (all team members), team and stakeholders, team and steering committee, and social research
group with stakeholders. Figure 7-4 illustrates these interactions through the meetings. The communication
within the team was mostly through the integrated modelling group (person) and at their request.

Figure 7-4: Communication interactions within the Campaspe team

7.5.2.3 Goal 3: Improving project process
During the reflective meetings, many issues were raised around the IAM process and the need for
facilitating integration through the project (Objective 3.1) and improving project effectiveness and
efficiency (Objective 3.2). In this regard, improved documentation and communication, as considered in
the previous objectives, are valuable (Action 3.1.3). Other suggestions included assigning a person in a
project manager or synthesis position to facilitate the collaboration within the team (Action 3.1.1), and a
synthesis position with a proper amount of time, expertise and authority (Action 3.1.2). However, the
constrained budget would have made it difficult to have a synthesis position. Another more specific
example involved the suggestion of organizing brainstorming meetings between modellers and social
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scientists to enhance the extant connection between the social studies and the modelling process (Action
3.2.4).
Furthermore, improvement in the effectiveness and efficiency of the project pathway is always
possible with any complex, interdisciplinary project with a constrained budget (Objective 3.2). Project
management issues (budget, time, efficiency, etc.) could be given more dedicated attention to optimise the
use of resources. Regular and ongoing planning (Action 3.2.1), preferably as a team activity (Action 3.2.2),
was seen as valuable to assist in enhancing the effectiveness objective. With a less limited budget, a
dedicated project manager could be assigned to improve project effectiveness and efficiency, not just to
facilitate collaboration and integration (Action 3.2.3).

7.5.2.4 Goal 4: Improving the modelling process
The fourth goal aims to improve the modelling process. In addition to improving efficiency (Objective
4.1), improved awareness around behavioural phenomena such as biases, beliefs, values and heuristics (e.g.
Glynn, 2017; Glynn et al., 2017; Moallemi et al., 2020; Zare et al., 2020) affecting the pathway could
control their negative side effects (Objective 4.2).
The efficiency of the modelling process could be improved by an accumulation of several actions such
as establishing continuous model testing practices (Action 4.1.1.) and confirming details of the data sets
and key assumptions in group meetings to avoid inconsistencies (Action 4.1.2). Similarly, sharing each
model component specification with other team members in a meeting was considered important to reduce
the time to achieve compatibility between model components (Action 4.1.3). Further expanding the use of
version control (Action 4.1.4) is suggested not just for managing code, but as a way of structuring software
development, helping to manage versions of the model and of communication between modellers (of
different disciplines). Better communication and more coherent processes in general (Action 4.1.5), as
discussed in previous goals, could also improve the modelling process. Also, the team suggested that the
project could benefit more from exploring and discussing techniques that could be used to either address
changes that unexpectedly constrain a pathway or seek new opportunities to advance the project (Action
4.1.6).
Three actions were suggested to deal with the negative effects of behavioural phenomena, such as
biases, beliefs, values and heuristics on choices, and reduce the risk of taking poor paths in the project
(Glynn, 2017; Glynn et al., 2017; Moallemi et al., 2020; Zare et al., 2020). The first action is applying
debiasing techniques (Danielsen, 2015) such as using a devil's advocate to decrease status quo bias within
the team and increase awareness around decisions. Status quo bias is the tendency for people to like things
to stay relatively the same and not to use new techniques, methods and tools (Action 4.2.1). Applying
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pathway diagrams (Action 4.2.2) and better communication about decisions (Action 4.2.3.) are the other
suggested actions to improve awareness around behavioural phenomena and control their negative effects.

7.5.3 Team member perceptions of proposed objectives and actions
As discussed in Steps 4 and 5 in Section 7.4.3, the survey was sent to each team member to ask for
feedback on the goals, objectives and actions. The survey was a collective reflection on the result of
individual reflective meetings, which had two main aims: firstly, identifying actions the group would like
to proceed with; and secondly, evaluating to what extent the group supports the actions. The survey also
helped in sharing suggestions, understanding the variation in opinions within the group and evaluating to
what extent individuals were able to critically reflect on their own work.
As discussed in Section 3.2.4, there is uncertainty about how the opinions of the team members should
be aggregated. Rather than trying to resolve this uncertainty, the results are reported according to all three
rules - consensus, majority and score voting - to let the team members form their own opinion of how to
proceed. The full table of results is shown in the Appendix; in this section, the main points of the survey
results are discussed, with a summary in Table 7-1.
Adoption of new actions in this type of transdisciplinary team is not a situation in which a majority
rule is likely to be acceptable, and consensus is not expected either, so scoring approaches provide an
alternative view. As shown in Table 7-1, the consensus method left most of the actions (35 actions out of
42) undetermined with just seven actions approved, and none rejected. The most approved actions were by
the majority rule, where 39 actions were approved, and three actions were rejected. When requiring a score
greater than 4/14, most actions were considered as approved; nevertheless, five actions were rejected. This
result shows that even if these actions originated from individual reflective meetings, most actions were
supported by collective thinking.
Seven actions received clear support, meaning that there were no objections or hesitations, and team
members supported the suggested action and were willing to apply them (all ratings were +1 or +2). These
actions consisted of improvements to the modelling process (“adopt version control for all modelling work”
and “deciding on the model component specification in a meeting”), improving communication (“establish
a project communications plan in the first step of the project” and “ensure that better communication is
clearly incentivised, not just deliverables and reports”). And in teamwork issues, people fully supported the
suggestion to “report the stakeholder engagement process in regular formal meetings to other team members
in order to consider it in the modelling process”, “better team communication and improving team
coherence to improve the modelling process” and also, the need for “improved communication about
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decisions. Informing other team members about decisions and getting their reflection can help to make
consistent decisions across the team”.
There were six actions with different outcomes depending on the voting rule used (Appendix, Table
S7-2). Based on the comments section in the survey, these actions may not gained approval due to several
common objections: aversion to formal arrangements, imposition on time, and not enough knowledge or
lack of clear explanation about the action.
Aversion to formal arrangements could be a major factor for two actions where responsibilities were
suggested, and the majority were unwilling to accept or reject them. The suggestion to send a formal
reflection request with each document (Action 1.2.2) was undetermined according to the consensus rule
and rejected according to majority and score rules. Four of the team members gave a score of zero,
suggesting they were unsure, and only three team members supported it. Action 3.1.2 suggests having a
defined position (role) within the team for integration. No one was against this suggestion, and it was
approved by the score but did not achieve a majority as four people were unsure. This action was, therefore,
undetermined according to the consensus rule, rejected by majority rule and approved by the score. In these
two actions (1.2.2 and 3.1.2), the possibility of being too rigid and not having flexibility was cautioned in
comments, and it was suggested to instead aim for an agile team where the project manager's role is
distributed between team members, which may require upskilling in agile practices.
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Table 7-1: Results of the survey according to Consensus, Majority rule and Score Voting rule. Note some actions may be
classified as indeterminate – neither approved nor rejected (see Section 3.2.4)

Goal

Objective

1. Improving
documentation

2. Improving
communication

3. Improving project
process
4. Improving the
modelling process

Fateme Zare -

1.1 Improving documentation
coverage
1.2 Improving reflection
1.3 Improving management of
project documents
2.1 Improving communication
between team members
2.2 Improving communication
between the team and external
partners
2.3 Improving communication
between stakeholders and
modellers
3.1 Improving integration
through the project
3.2 Improving project
effectiveness and efficiency
4.1 Improving the efficiency of
the modelling process
4.2 Improving awareness
around behavioural phenomena
Total

Number
of
suggested
Actions
8

Consensus

Majority rule

Score voting rule
(>4/14)

Approved

Rejected

Approved

Rejected

Approved

Rejected

0

0

8

0

6

2

3
4

0
1

0
0

2
4

1
0

2
4

1
0

5

2

0

5

0

5

0

3

0

0

3

0

3

0

3

1

0

3

0

2

1

4

0

0

3

1

4

0

3

0

0

3

0

3

0

6

2

0

6

0

6

0

3

1

0

2

1

2

1

42

7

0

39

3

37

5
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The imposition on time is the main concern for three actions (Actions 1.1.7, 1.1.8 and 2.3.2),
which suggested having more regular documentation and increasing modellers’ involvement in
the stakeholder workshops and discussions. All three actions had just two opponents, one person
was unsure, and four others supported the actions, so they were approved by a majority. However,
they were rejected by the score. Based on the comments from those two opponents, time demands
were a big concern about these suggestions, mentioning time constraints and already overloaded
duties.
Some actions were not clearly explained in the survey, which might have affected the
responses. One example is the suggestion to use a pathway diagram (Action 4.2.2) as part of
improving awareness of behavioural phenomena, but it is not explicit enough and did not provide
an example to clear the suggested action. Team members mentioned that they were not confident
enough on how to use the pathway diagram which is a new tool (Zare et al., 2020, 2019) and its
benefits are not well-known, so some team members indicated they were undetermined about this
action though the other ones supported it. Therefore, this action was undetermined according to
the consensus rule and rejected according to majority and score rules.
The team members were asked to give their overall comments and suggestions, and they
were asked if there were any missed actions that could help to achieve each goal. Based on the
received comments, a new goal was suggested: “Improving project planning design; Objectives
around impact pathways, resourcing, monitoring, evaluation and learning;” as were three new
actions: 1) Upskilling; learning and teaching new skills based on up to date methods in the
research; 2) Adapting needed project management style by team consensus at the beginning of
the project; and 3) Expanding activities to accomplish reflection via different ways.

7.6 Discussion
This research paper is an attempt to address the research question: how can a team of
researchers engage in formative, reflective evaluation to improve their own IAM pathway? A
formative and self-reflective monitoring and evaluating process was designed for, and applied to,
the Campaspe catchment case study, to attempt to establish a proof of concept for answering this
question.

7.6.1 The need for reflective monitoring and evaluation
As discussed in Section 2.2, the need for M&E has been well highlighted in the literature.
M&E processes should be adaptive and flexible in the face of complex problem solving,
interdisciplinary, multidisciplinary and transdisciplinary research where experts from various
disciplines with different perspectives and value systems work together. Therefore, this paper
argues that increasing adoption of reflective practices can advance M&E.
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One aim of reflective M&E is adjusting the pathway while practising the research in
response to new information and knowledge gained through the process. The suggested M&E is
a formative process that will help the research adapt to new information, needs and changes and
make the evaluation more effective and efficient, rather than a judgmental evaluation at the end
of the process when it is too late to fix any failures. The effect of improving awareness and
transparency around decisions on successful and on-time iteration and adaptation in the project
process has been reported previously (Zare et al., 2020).
Reflection or questioning our practices and decisions, rather than just describing them, helps
team members to think critically in order to improve the decisions and learn from the experience.
It is also important to enable learning from the process and making recommendations for future
actions and practices (Moallemi et al., 2018). Also, reflecting on the process empowers deliberate
or “system 2” thinking (Kahneman, 2011), which leads to more appropriate and informed
decisions. Considering the effect of beliefs, biases, heuristics, and values (BBHVs) on decisions
(Simon, 1956), reflecting on the decision through M&E could decrease the negative effects of
BBHVs and consequently improve the taken pathway (Glynn et al., 2017; Moallemi et al., 2020;
Zare et al., 2020). Also, during M&E, the dead-ends, failures and changes in the decisions are
reported, which opens the black-box of the modelling process and plays a critical role in
transparency and improving the pathway (Zare et al., 2020). Many changes in decisions were
discussed in Campaspe M&E meetings where each team member described the story of the
project, reflected on the process and compared the planned version with what actually happened.
Therefore, the M&E process helped improve the level of transparency, as needed to establish trust
in the process. This monitoring process would assist in making key decisions in a timely fashion
and, consequently, it would make the process more adaptive (Gregory et al., 2006). In the
Campaspe case study reflection meetings (Section 7.4.2), the set of questions asked by the monitor
helped the team members in making decisions about future changes by eliciting desired goals and
actions.

7.6.2 Effectiveness of the formative and self-reflective
evaluation
As mentioned previously, the focus of this research was on demonstrating a designed selfreflective M&E process in an IWAM project.

The results showed actions suggested by

individuals fit within collective goals, and there was a shared understanding of the issues. Also,
the team members were aware of points which could improve their project participation; and in a
safe and nonjudgmental environment, they were willing to share their ideas, so there was no need
for a third party to do an independent evaluation. Also, the team members expressed their
willingness to adapt their performance or way of working, perhaps reinforced by expressing the
opportunities to improve themselves rather than a third party telling them what the problem is and
what they should do.
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The reflective M&E for Campaspe project resulted in a set of goals, objectives and actions
for the next steps of the project and future foresight studies. Document analysis of project plans,
meeting notes and discussion memos enabled additional insight into what had transpired in the
project and provided more transparency about the project and the decisions taken. Moreover, it
was seen that regular reflective meetings could support keeping the project coherent, efficient and
on-track by suggested actions which mean being adaptive without sticking to strict planning
beforehand.
In reflective meetings, team members were critical about their own performance when they
were asked to reflect on themselves. This reflection is, therefore, a way of influencing behavioural
phenomena affecting methodological choices. One observation during the meetings was that the
team members engaged constructively, with a critical focus on their own decisions, actions and
performance rather than on that of other team members. Even when they acknowledged other
team members’ drawbacks, still they tried to suggest a way that they could support others to
overcome that problem.
At the time of this analysis, the social, farm and economy, policy and ecology studies in the
Campaspe project had been completed in, but surface water, groundwater and integrated
modelling were ongoing. Therefore, some team members were reflecting on past actions, and
others were reflecting on the ongoing process. Consequently, the lessons of this paper’s research
and the report on the action plan are valuable outputs for the ongoing disciplines in the project,
especially with respect to potential modifications in the final portion of the project pathway. But
other disciplinary/sectoral researchers who are not active in the project anymore can use the
results as lessons learnt for forthcoming projects. Also, the Campaspe team had the privilege of
being a continuing team with more than 20 years of experience in IWAM, and all these lessons
and action plans will be helpful for other projects they undertake.
An attendant aspiration of this research was to evaluate to what extent individuals were able
to reflect on their own work critically. The results showed that the collective reflection and
thinking through the survey agrees with the individual reflections in the reflective meetings.

7.6.3 Implementation challenges
Challenges and difficulties were involved in designing and undertaking the formative and
self-reflective M&E process (Figure 7-2) in a way that fits our purpose of improving Campaspe
IAM pathway and the choices therein. One of the challenges is acting in the critical and sensitive
role of the reflexive monitor, which requires a high degree of trust-making. Fielke et al. (2017)
suggest that a reflexive monitor should primarily focus on the aspects of a project that are possible
to influence as that will be most productive. They discussed the importance of being open about
what reflexive monitoring can achieve and the importance of clarifying the role of the monitor at
the beginning of the project. Therefore, at the same time as Steps 1 & 2 (Figure 7-2) were carried
out, the monitor engaged informally with all team members, briefly discussing the M&E process
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and asking for advice. This appeared to be helpful to foster an environment of trust and to create
the space for reflection within the project team, which is critical for reflective M&E (Fielke et al.,
2017).
As noted in Section 7.2.1, there are misunderstandings and difficulties associated with
defining, applying and explaining reflective practice effectively (Finlay, 2008), and reflection is
sometimes seen as an unstructured process of criticizing and judging to point out drawbacks. Not
having a practical tool and process of reflection practice could result in not practising it. One of
the main contributions of this research is stepping forward from the general quote of “reflection
is beneficial” into designing and examining a practical process (Figure 7-2). The designed process
can be used as a guideline, and it is possible to customize it to fit the purpose of other projects
(Hevner, 2007).
One of the critical points during the meetings was to play the role of facilitator and not to
lead and influence the discussion. The choice of follow-up questions and their wording needed to
remain nonjudgmental, which is not always easy. The key to the challenge of providing a safe
reflective environment in this research without apportionment of blame was to focus the
investigation on “WHAT” questions rather than “WHY” questions (Section 7.4.2). “What”
questions aim at the actions and events and ways to improve. They are more action-oriented and
aligned with motivating people to think in terms of constructive actions rather than theorizing
regarding past decisions (Eurich, 2019). In contrast, “why” questions can be limiting and invite
biases and justifications. The set of “what”, “so what” and “now what” (discussed in Section
7.4.2) can also be thought of as covering past, present and future actions. This way of conducting
the reflection proved to be a practical method to apply the Schön (1983) description of reflective
practice as “ a dialogue of thinking and doing through which one becomes more skilful”.

7.6.4 Future of this research
While the designed M&E process was considered successful and appears promising for other
applications, it would be advantageous in future for the formative and reflective monitoring and
evaluation be a part of any complex, participatory project from the outset and to undertake it
continuously in several stages. To keep things simple, the survey described the actions as
alternatives, whereas in reality it is likely that change will occur with groups or sequences of
actions. Follow-up exploration of governance arrangements may be of interest. Further research
should be undertaken to investigate the effect of having a regular reflective M&E on the IWAM
pathway and on its outcomes where there is a direct link to theory of change literature which is
worth investigating. Also, despite the benefits of applying formative and reflective M&E in
increasing awareness and control, the negative effects of individual biases and behavioural
influences, “team thinking” bias, might increase. Application of debiasing techniques generally
is an important issue for future research and more research in this regard is worthwhile. The
designed reflective M&E aims to improve the IWAM practice, however the next step could be
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the use of frameworks and criteria for effective monitoring, evaluation and learning in adaptive
co-management of complex social-ecological systems based on theory of change literature (Butler
et al., 2016; Plummer and Armitage, 2006). The theory of change evaluation could be valuable
for internal group use and also for third party evaluation of the projects.
This research showed team members’ perceptions of (time) cost play an important role and
in some cases it was the reason for not accepting changes, however Zare et al. (2020) highlighted
that additional time is highly likely to be compensated by efficiency savings by avoiding the need
to redo work. Future studies with an economics focus could examine actual and perceived
transaction costs in more detail and the resulting cost-benefit trade-off.

7.7 Conclusion
This paper argues for the need to combine conventional common evaluation approaches,
which usually ensue at the end of the project, with an ongoing formative and self-reflective
monitoring and evaluating process to realise a more adaptive and efficient modelling project. The
M&E should occur continuously to advance the effectiveness and efficiency of the problemsolving process. We have designed a practical step-by-step monitoring and evaluation process
and tested it in a multidisciplinary project of integrated water resource assessment and modelling.
The suggested formative and self-reflective monitoring and evaluation process combines several
approaches used in the literature including adopting a path perspective

(Hämäläinen and

Lahtinen, 2016; Zare et al., 2020, 2019), focusing on behavioural phenomena (Glynn et al., 2017;
Hämäläinen et al., 2013), the use of reflective communication and meetings (Roux et al., 2010;
Zare et al., 2020) based on reflective practices (Gibbs, 1988; Schön, 1983), reflexive evaluation
(Arkesteijn et al., 2015; van Mierlo et al., 2010) and monitoring and evaluation practices
(Hassenforder et al., 2016; Van Mierlo et al., 2010). The formative and self-reflective M&E
consists of six steps, 1) review of documents, 2) pathway assessment, 3) reflective meetings, 4)
analysis, 5) survey, and 6) reporting.
The analysis demonstrates that a team of researchers can monitor and evaluate their own
research effectively, feeding into adaptive research processes. The application of formative and
self-reflective M&E in the Campaspe IWAM project demonstrated the benefits of the suggested
approach to achieve a more adaptive and efficient problem-solving modelling and assessment
project. The results were consistent with the observation that IWAM is in a maturity stage (Zare
et al., 2017), with the researchers focusing on further improvements of behavioural, management
and operational factors given the success of technical aspects of the project. This prominence
emphasises the importance of considering the modelling process as a socio-technical process
rather than a pure technical one, and of providing well-designed opportunities for expert
practitioners to efficiently and comfortably express their ideas for improving that socio-technical
process.
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7.10 Appendix

Figure S7‐5: Survey interface
Table S7‐2: The opportunities to improvement in Campaspe project, list of suggested goals, objectives, and
actions. The votes and results analysis of the survey

Goal

Ineffective
Effective
will not apply
will apply

Objective
‐ Action

1

2

3

4

Majo
rity
rule

sco
re
vot
ing
rul
e

Consensus

5

1. Improving documentation

1.1 Improving documentation coverage
1. Continue documentation at the level of the social
component of the Campaspe project. We did a good job in
the social component with papers, technical reports and
flyers. Composing these documents was useful to
formalize thinking in a way that was useful for both
stakeholders and experts.
2. In the first step of the project, we will plan for
documentation throughout the project (including internal
documentation such as minutes of meetings and email
agreements). The plan could, for example, be a table
describing the documentation at each step of the project,
its format, planned contents, who is responsible, the
targeted audience, and future actions the documentation
is intended to help support.
3. Documentation will fully describe the pathway taken:
not just the option selected and technical details, also the
steps we take along the way, and alternative options
considered
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4. Where possible, each document (reports, PowerPoints
and others) should have an information page at the
beginning of the document (as used in the Deliverable 2
report, or in the notes page of a PowerPoint) summarising
the aim of the document, the author, people who were
involved in the work, audience, and date .
5. Each document should have a clear summary of its
content in the beginning. Some of our documents already
include a summary, but this could become a general
requirement.
6. All meetings should have notes which describe the aim
of the meeting, and summarise discussion and decisions.
Meeting notes should be sufficiently complete to be
understood without prior knowledge, e.g. full sentences.
With dot point notes, sometimes it is not clear if the
points raised were solved or not, if they were mentioned
as a positive point or as a criticism, and without context
they are often ambiguous.
7. We need to have a plan for regular time‐based
documentation. The plan could, for example, be a table
describing the documentation frequency, its format,
planned contents, who is responsible, the targeted
audience, and future actions the documentation is
intended to help support.
8. Regular documentation is needed. Each discipline needs
to report their progress regularly in detail. The targeted
audience for these documents could be other team
members, main stakeholders and experts of each
discipline in steering committee. This could help to
improve transparency of the decisions, steps, data and
taken pathway.

0
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1

3

2

5/7

6/1
4

Undetermi
ned
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Undetermi
ned
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Undetermi
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0
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1.2 Improving reflection
1. Expand the current level, coverage and frequency of
reflection activities

0

0

1

3

3

6/7

9/1
4

Undetermi
ned

2. When circulated, each document should have a formal
request letter asking for reflection. The letter would ask
for specific feedback on the process and decisions (such as
methods, data sets and tools).

0

2

2

2

1

3/7

2/1
4

Undetermi
ned

3. Requests for comment should be given a deadline. This
will help to support project iteration in a timely fashion.

0

1

0

4

2

6/7

7/1
4

Undetermi
ned

Undetermi
ned

1.3 Improving management of project documents
1. Adopt a formal document management software
system. Document management software is a set of tools
that provide structure to formalize how team members
collaborate on tasks and activities. They can provide
formal means for all team members to be updated on the
latest happenings and keep project schedules on track.
Important materials are stored in a secure hub and
organized according to clear rules that allow information
to be easily found.

0

0

2

2

3

5/7

8/1
4

2. Adopt version control for all modelling work

0

0

0

2

5

7/7

12/
14

0

0

2

4

1

5/7

0

0

1

2

4

6/7

3. Assign project knowledge management as the
responsibility of a dedicated project manager
4. Agree on a structure for folders and files within each
project.

6/1
4
10/
14

Clear
support‐
approved
Undetermi
ned
Undetermi
ned

2. Improving
communication

2.1 Improving communication between team members
1. Establish a project communications plan in the first step
of the project. This plan should clarify the frequency of
meetings, potential participants, if we will apply any other
communication methods (than just meetings).
2. Hold regular formal meetings (e.g. fortnightly) with all
members and document the meeting materials
3. Weekly coffee time & chat about project progress
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4. There should be a “connector person” who is
responsible for organising communication events

0

0

2

4

1

5/7

6/1
4

Undetermi
ned

5. Ensure that better communication is clearly
incentivised, not just deliverables and reports

0

0

0

5

2

7/7

9/1
4

Clear
support‐
approved

2.2 Improving communication between the team and external partners
1. The external partners should be integrated as full team
members (e.g. have an overarching project plan, applying
the same rules, required to report their process)

0

1

2

2

2

4/7

5/1
4

Undetermi
ned

2. External partners should take part in regular team
meetings (even virtually)

0

0

3

2

2

4/7

6/1
4

Undetermi
ned

3. Assigning a project manager/leader to manage external
partners and our team is essential to prevent issues

0

1

1

3

2

5/7

6/1
4

Undetermi
ned

2.3 Improving communication between stakeholders and modellers
1. In general, the stakeholder engagement workshops
should involve modellers as well
2. It is the stakeholder engagement team and project
manager’s responsibility to decide which workshop and
events modellers should be involved in, as well as their
role in the events (e.g. just listener, presenter, to obtain
reflection)
3. The results of each stakeholder engagement step
should always be reported to the other team members in
regular formal meetings, in order to consider it in
modelling process.

0

0

1

1

5

6/7

11/
14

Undetermi
ned

0
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1

4

0
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4

Undetermi
ned
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0

0
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4

Clear
support‐
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3.1. Improving integration through the project
1. We need a person in a project manager or synthesis
position (or synthesis) to make the team a collaborative
team. In a small project, one of the team members should
act as a project manager as well (and project managing
should be her/his priority).

3. Improving project process

2. The person responsible for the integration role (within
the team) should have enough time and energy and right
character and level (not too junior or senior person) to do
a good job. The integration role is not just model
integration, but model integration is part of it.
3. Suggested actions for Improving documentation (Goal
1) and communication (Goal 2), will help to reach this goal
as well
4. To achieve a better connection between social studies
and the modelling process, we need to identify where
they can feed each other in a brainstorming meeting (in
the planning step of the project).

0

2

1

3

1

4/7

5/1
4

Undetermi
ned

0

0

4

2
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ned

0

0

1

3

3

6/7

9/1
4

Undetermi
ned

4. Improving
the modelling

3.2 Improving project effectiveness and efficiency
1. We need regular and ongoing planning of steps,
deliverables, reports, meetings at different levels with
attention to scheduling and resourcing, setting a clear and
detailed plan for the project in the first step of the project
and adapting it when needed. The project plan determines
what work needs to be done and when. It is the timeframe
for completing tasks and starting others.

1

0

0

4

2

6/7

7/1
4

Undetermi
ned

2. Planning should be a group activity, in a meeting where
every team member should be involved.

0

0

1

3

3

6/7

9/1
4

Undetermi
ned

3. A dedicated project manager needs to be assigned “ to
improve project effectiveness and efficiency, not just to
facilitate collaboration and integration

0

0

2

4

1

5/7

6/1
4

Undetermi
ned

6/7

9/1
4

Undetermi
ned

4.1 Improving the efficiency of the modelling process
1. Establish continuous testing practices, to help identify
new bugs and build confidence in correctness of software
implementations
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2. Decide about the model boundary, the data set and
assumption in a group meeting (to avoid inconsistency)

0

0

1

3

3

6/7

9/1
4

3. Decide about each model component specification with
other team members in a meeting to avoid incompatibility

0

0

0

5

2

7/7

9/1
4

0

0

1

4

2

6/7

8/1
4

Undetermi
ned

0

0

0

1

6

7/7

13/
14

Clear
support‐
approved

0

0

2

2

3

5/7

8/1
4

Undetermi
ned

4. Expand the use of version control not just for managing
code, but as a way of structuring software development. It
helps a lot to manage versions of model and
communication between modellers (of different
disciplines).
5. Better communication and a more coherent team, as
discussed in previous goals, will improve the modelling
process
6. Explore and discuss techniques that could be used to
address changes that unexpectedly constrain a pathway or
seek unexpected opportunities to advance the project

Undetermi
ned
Clear
support‐
approved

4.2 Improving awareness around behavioral phenomena
1. Apply debiasing techniques (Danielsen, 2015) such as
using a devil's advocate to decrease status quo bias within
the team and increase awareness around decisions. Status
quo bias is the tendency for people to like things to stay
relatively the same and not to use new
techniques/methods/tools.

0

0

2

4

1

5/7

6/1
4

Undetermi
ned

2. Use pathway diagrams. A pathway diagram is a tool
which focuses on documenting and visualizing the steps,
events, decision forks and decisions. As a simple flow‐
chart, it is easier to complete in weekly team meetings.

0

0

4

3

0

3/7

3/1
4

Undetermi
ned

3. Improved communication about decisions. Informing
other team members about decisions and getting their
reflection can help to take consistent decisions across the
team.

0

0

0

5

2

7/7

9/1
4

Clear
support‐
approved

Table S7‐3: List of actions with different outcomes according to Consensus, Majority rule and Score voting
rule

Goal

Objective

1.1 Improving
documentation
coverage
1. Improving
documentation

1.2 Improving
reflection

2. Improving
communication

2.3 Improving
communication
between
stakeholders
and modellers
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Actions

7. We need to have a plan for regular
time‐based documentation. The plan
could, for example, be a table describing
the documentation frequency, its format,
planned contents, who is responsible, the
targeted audience, and future actions the
documentation is intended to help
support.
8. Regular documentation is needed. Each
discipline needs to report their progress
regularly in detail. The targeted audience
for these documents could be other team
members, main stakeholders and experts
of each discipline in steering committee.
This could help to improve transparency of
the decisions, steps, data and taken
pathway.
2. When circulated, each document should
have a formal request letter asking for
reflection. The letter would ask for specific
feedback on the process and decisions
(such as methods, data sets and tools).
2. It is the stakeholder engagement team
and project manager’s responsibility to
decide which workshop and events
modellers should be involved in, as well as
their role in the events (e.g. just listener,
presenter, to obtain reflection)

Majority
rule (No. of
votes out
of 7)

Score voting
rule (Score)

Undetermined

Approved
(4)

Rejected
(3/14)

Undetermined

Approved
(4)

Rejected
(3/14)

Undetermined

Rejected
(3)

Rejected
(2/14)

Undetermined

Approved
(4)

Rejected
(2/14)

Consensus
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3. Improving
project process

3.1 Improving
integration
through the
project

4. Improving
the modelling
process

4.2 Improving
awareness
around
behavioural
phenomena
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2. The person responsible for the
integration role (within the team) should
have enough time and energy and right
character and level (not too junior or
senior person) to do a good job. The
integration role is not just model
integration, but model integration is part
of it.
2. Use pathway diagrams. A pathway
diagram is a tool which focuses on
documenting and visualizing the steps,
events, decision forks and decisions. As a
simple flow‐chart, it is easier to complete
in weekly team meetings.

Undetermined

Rejected
(3)

Approved
(4/14)

Undetermined
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(3)
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(3/14)
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Chapter 8: Conclusion and Synthesis
8.1 Synthesis, discussion, and contributions
This chapter draws together the findings from Chapters 2 to 7 to provide a synthesis of the key
contributions of the thesis. Following the DSR approach, each chapter designs one or more artifacts, as
described in the thesis structure (Section 1.3). Each sub-section presents the problem/need,
corresponding to those raised in Section 1.1, the developed solution (i.e. designed artifact), and
summarises the application and result, emphasising the contribution of each chapter. The development
of each artifact is summarised in Table 8-1, consistent with the DSR approach based on Peffers et al.
(2007) and summarised in Chapter 1 and Figure 1-1.
Overall, the contribution of this thesis can be decomposed into two dimensions. The first
dimension relates to investigating a selection of opportunities for improvement in IWAM in order to
improve the efficiency of the process and give better support to decision making. The second dimension
involves designing and applying artifacts to improve the IWAM process, especially in terms of
robustness and adaptivity. The suggested artifacts include constructs (such as a pathway diagram and
ID cards, Chapter 3), methods (such as SD & DPSIR framework, Chapter 4) and instantiations (such as
the Conceptualization ID card in Chapter 3, Zaribar pathway in Chapter 4 and Campaspe survey in
Chapter 7). Based on Gregor & Hevner (2013), these artifacts can be described as contribution types of
level 1 and 2. The contribution in level 1 involves situated implementation of artifacts such as
instantiations, and level 2 involves producing a nascent design theory—knowledge as operational
principles/architecture such as constructs and methods.
In addition, this thesis contributes to developing and demonstrating the process of design of
conceptual artifacts in IWAM, and therefore it can be considered as a proof of concept of the advantages
of applying DSR in environmental research, and specifically in IWAM research. Section 1.4.8 reflects
on the DSR application in this thesis.
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Table 8-1: Description of design science approach activities in each chapter (based on Chapter 1), highlighting designed artifacts described in subsections of
Section 4.

Activities
Chapter 2

Identify problem
Need for a holistic view of history and
state of the art of IWAM and its gaps;
The relation between theory and practice
of integration

Define solution objectives
A systematic review, with a
reproducible and
transparent article selection
and analysis process to
identify the relation between
theory and practice and gaps

Artifact design and development
DA1: The stepwise bibliometric
analysis workflow

Chapter 3

Lack of shared, context-specific
understanding of IWAM between
participants

DA2: pathway diagram and DA3: ID
cards which are developed and used
for each step to provide adaptive
and flexible planning and knowledge
sharing

Chapter 4

Difficulties in the IWAM problem
definition step: Different understanding
of the problem in IWAM between
different disciplines and stakeholders and
the need for a systemic approach to
define the problem

Chapter 5

Interactive methodological decisions:
need for a holistic understanding of the
decision forks and potential options along
the modelling path and need for studying
the effect of human factors in selecting
the options and changing the path
Inefficient communication and
documentation: need for an adaptive
pathway and reflective communication to
maximise the efficiency and effectivity of
the pathway

Achieve a shared
understanding of the process
between interest groups by
using clarification of the
process requirement and
steps, which is customized
for the project
A systemic and structured
problem definition step to
achieve a shared
understanding of the
overarching problem that
covers all aspects of an
IWAM issue
Provide an overview of
methodological constructs to
better emphasise the choices
that are most appropriate,
given human factors and
available options
Show the role of
documentation and
communication in an
adaptive IWAM process and
obtaining stakeholder
feedback
To go beyond the evaluation
of results and outputs of a
project, and to investigate
the novel methods of
evaluation to achieve project
impacts, results and
efficiency.

Chapter 6

Chapter 7

Late or missing project evaluation: need
for an evaluation method which increases
the adaptivity of the pathway
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Demonstration, used for Evaluation
Analysis of 13,239 IWAM articles in terms of key
topics based on keyword frequency, title common
words and abstract, quantity and trend of
publications in different journals and type, citation
and comprehensiveness of articles. The analysis
provides an extensive picture of IWAM literature
and its strength and gaps
An example of a pathway diagram, customized
based on two main guidelines for participatory
IWAM and an example of a conceptual step ID card

Communication
Paper 1 (Zare et al.,
2017b)
Presentation in ANU,
2018

Examination of DA4: combined
DPSIR & SD framework designed and
applied in an IWAM case study to
reach a shared understanding of the
problem

Demonstrating the process of applying a DPSIR &
SD framework to a case study in Iran and
evaluating its benefit and drawbacks

Paper 3 (Zare et al.,
2019a)
Presentation in 3rd
Annual IEEE Systems
Modelling
Conference, 2019

DA5: Mapping and visualising of
methodological options in rival
decision support paths and the
challenging human factors.

Description of the visualisation of rival paths and
their decision forks and the human factors which
affect the selection process of options focused on
decision support in complex human-natural
systems

DA6: Pathway diagram as a tool to
map the documentation and
facilitate reflective communication,
providing “Pathway documentation”
- a new level of documentation with
a focus on the decisions and choices
DA7: Formative and self-reflective
monitoring and evaluation process
for which ideas and steps are
adapted from several disciplines

Use of a pathway diagram for documentation of a
research case study process (Zaribar, Iran) to
examine and identify improvements which lead to
recommending the reflective documentation and
communication plan (action plan)

Paper 4 (Moallemi et
al., 2020)
Presentation in
DMDU 2019 annual
meeting, by the first
author
Paper 5 (Zare et al.,
2020b)
Presentation in the
2nd French-Australian
forum on policy
analytics, 2019
Paper 6 (Zare et al.,
2020a)
Communication
within the case study
team
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8.1.1 Chapter 2: IWAM history
The number of publications on IWAM has grown rapidly since Rotmans (1998) presented one of
the earliest discussions and reviews of IA methods. Many literature review articles have been published
with some specific focus on aspects or methodological approaches within the field (e.g. Croke et al.,
2006; Glynn, 2017b; Hamilton et al., 2015; Jakeman and Letcher, 2003; Laniak et al., 2013; P. Parker
et al., 2002; Rotmans, 1998; Rotmans and Van Asselt, 1996). These articles are useful, but with the
current rate of publishing of IWAM type research, it is timely for a comprehensive, quantitative review
of the IWAM literature, covering its general landscape to provide an overarching updated view of the
field.
A systematic review comprising a big data analysis of the literature, as opposed to traditional
approaches to literature review focussed around a small number of specific issues, can provide a holistic
picture of the structure, topics and gaps in a field of research and highlight high-level potential research
questions (Broadus, 1987). It can also be used to support the charting of open research topics. Such an
approach involves bibliometric research and analysis, which has been referred to as the study of the
quantitative aspects of the production, dissemination, and use of recorded information using quantitative
methods and mathematical models for these processes (Broadus, 1987; Tague-Sutcliffe, 1992).

8.1.1.1 Designed artifact 1: the stepwise bibliometric analysis workflow
The stepwise bibliometric analysis workflow is designed and applied in Chapter 2 (Paper #1) to
analyze the trends of IWAM research, its current situation and gaps. The bibliometric workflow
undertaken is transparent and reproducible to allow for replication of the literature review, and its design
is based on other bibliometric studies (e.g. Morris & Van der Veer Martens 2009; Börner 2005; Niu et
al. 2014; Li & Zhao 2015; Wang, Yu & Ho 2010). The bibliometric analysis is designed to be stepwise
and provide an overview of the considerable area of science covered by IWAM. The workflow (Figure
1 in Chapter 2) consists of the following steps: (1) defining the topic, (2) bounding of the study, selecting
sources of data, (3) retrieving data and (4) pre-processing data, followed by (5) analysis, (6) quality
checking, (7) visualization, and (8) evaluation.

8.1.1.2 Contribution to IWAM
A systematic literature review was undertaken to analyse the IWAM literature over 1970-2015.
This analysis showed the dynamic shifts and changes of IWAM over time and its development up to
the current status in order to provide a holistic picture of the structure, topics, underlying patterns in its
scientific outputs and gaps in a field of research. The analysis comprised some 13,239 IWAM articles.
The analysis in Chapter 2 shows that developments in the field of IWAM exhibit four stages from 1970
to 2015: Conception, Formation, Practice and Maturity (Table 8-2).
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Table 8-2: IWAM development phases (from Chapter 2)

Looking into the trends of keywords used in publications (Figure 8-1), there has been a growth in
the integration that covers social-economic-hydrological aspects since 2004, but it is still a concern that
this linking of integration with the social sciences, especially the non-economic ones, remains relatively
modest. The bibliometric analysis shows that despite having a rich literature, IWAM still has a long
way to go before the crucial integration of all aspects, as the more biophysical aspects of integration
dominate the research and practices area whilst the gaps are more on the socio-technical and humandriver aspects. This thesis is focused on these latter gaps.

Figure 8-1: Keyword category trend and overall percentage (from Chapter 2)

8.1.2 Chapter 3: Shared pathway
As argued in Section 1.1.1: Opportunities for improving IAM, there is a lack of shared, contextspecific understanding of IWAM, notwithstanding a number of IWAM guidelines that discuss the
process and steps involved. Those guidelines are mostly generic and for an expert audience. However,
IWAM requires the involvement of different groups such as stakeholders, decision makers and experts
(Voinov and Bousquet, 2010). Also, each IWAM process is a unique process to answer a unique
question and should fit the aim of the participants involved. The IWAM process should be able to fit
the involved groups’ needs in order to better gain their participation and trust. Involved groups should
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achieve compatible expectations of the outcome of the IWAM process and a basic understanding of that
process. In other words, the IWAM process should not be a magical black box for anyone with an
interest in critiquing it.
Supporting modellers to reach a shared understanding between all project participants requires the
use of proper tools and frames (artifacts). Chapter 3 (Paper #2) suggests that designing an IWAM
pathway (process) can be a group task that helps to reach a common understanding of the pathway. The
existing guidelines and references become primary sources to design the shared pathway using an
adaptive pathway artifact and ID cards, as suggested and demonstrated in this chapter.

8.1.2.1 Designed artifact 2: Pathway diagram (Chapters 3, 6&7)
The pathway diagram is designed based on a path perspective, which considers a path as the
sequence of choices made through a purposeful process, such as a modelling process (Hämäläinen and
Lahtinen, 2016). The Pathway diagram can be used to facilitate communicating about the pathway.
IWAM is described as a path-dependent process which means choices at different decision forks are
interdependent, so a choice at one fork may create lock-in effects in particular choices or eliminate
certain possibilities at subsequent forks, and consequently, sequences of choices influence the final
results (Lahtinen et al., 2017).
A pathway diagram is a graphical tool which is designed and developed in Chapters 3, 6 & 7 to
document the steps taken in a project and facilitate communication and reflection. It is a thinking,
reflecting and documenting tool to open up space for speaking about other options, potentially
contributing to both project evaluation and project management. A pathway diagram has 14 specific
elements to capture the necessary information of the problem-solving process, such as decision forks,
the decision (selected option), potential alternatives, dead ends, communication points and
documentation points. The pathway diagram components and diagramming approach are influenced by
elements of “activity diagrams”, which describe workflows by showing activities and actions with
support for choice, iteration and concurrency (Dumas and ter Hofstede, 2001), including associations
between activities, conditions and constraints. Figure 8-2 shows a simple example of the pathway
diagram with three phases: conceptualization, development and evaluation. A pathway diagram can be
considered a conceptually simple artifact that can be an effective tool for constructing a shared
modelling pathway.
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Figure 8-2: A pathway diagram example (a) and legend (b), demonstrating the use of
the pathway diagram components (from Chapter 3)

8.1.2.2 Designed artifact 3: ID cards
An ID (identification) card was developed to provide a summary of IWAM steps. Developing
required ID cards for an IWAM pathway involves identifying steps recommended within selected
existing guidelines and annotating them to link them to an "ID card" for that step. Each ID card then
provides a quick overview of what has been said about a step across multiple guidelines. While these
ID cards can pull in information from a variety of sources, they remain an individual/group's personal
summary of the state of knowledge about a step, providing a common language and point of interaction
for thinking about and discussing what steps can be inserted into a pathway and why. Each ID card has
several categories of information that can be filled out by using literature. The categories used in this
case are: Name of the IWAM step; Objective, with respect to aim and purpose; Rationale, which
contains information about why/where/when/in which situation and how this step is needed; the
Decisions/tasks during the step; Tools, which are available to assist reaching the objectives; and Actors
who should be involved.
The ID card design drew inspiration from the archetypes concept in Systems Thinking (Braun,
2002; Zare et al., 2017a) and several closely related ideas, principally “good practices” (e.g. Jakeman
et al., 2006), “recipes” (e.g. Lipovetsky, 2009) and “design patterns” (e.g. Papajorgji, 2005). The ID
card is designed to collect the information about necessary steps in the modelling process in the form
of an organized collection of explicit statements. ID cards can be used as a communicating tool to create
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a common story and provide a better understanding of the process undertaken between modellers and
stakeholders.

8.1.2.3 Contribution to creation of a shared IWAM pathway
In Chapter 3 (Paper #2), a participatory integrated assessment and modelling pathway is designed
based on two main articles in the field (Jakeman et al., 2006; Voinov and Bousquet, 2010). It uses a
pathway diagram, and an example ID card for the conceptualization step is developed. The suggested
participatory integrated assessment and modelling pathway defines a set of minimum steps which
should be taken for this kind of project, according to the authors and drawing on the guidelines.
However, the primary contribution of the chapter is the demonstration of constructing a pathway that
fits the participants’ needs, which everyone can understand and adapt when needed. The second aspect
of this contribution is the idea of the ID card, which adds detail to the pathway by describing different
characteristics of the step (such as objective, methods).
The suggested design process and tools (ID card and pathway diagram) are intended to be useful
for both practitioners and experts. It is easy to update and alter this pathway diagram, and it can act as
a plan and support creation of a shared understanding of what can be expected, as well as shed light on
the modelling process, so it is no longer a magical black box. This customized pathway is intended to
fit the purpose of the unique case-specific IWAM process and the needs of the groups involved.

8.1.3 Chapter 4: Problem structuring process
As described in 1.1.1 of the current chapter, IWAM research deals with multi-dimensional
situations in the sense that these comprise different disciplines, scales of concern, values, perspectives,
understandings and sectoral conflicts, and so it is difficult to define the “problem” to be solved (Laniak
et al., 2013). As with other interdisciplinary research, each discipline involved in the IWAM project
approaches the problem from their point of view and their understanding of the world (Hamilton et al.,
2015). Moreover, IWAM is a participatory process where goals may differ between groups (Boschetti
et al., 2011; Suprun et al., 2018). A decision maker’s definition of the problem is likely to be at a higher
level, while other stakeholders may focus on the situation on the ground. Therefore, there is likely to be
confusion about the exact definition of a “problem” that fits all these points of view. The problem
definition and scoping step is another black box which should be prised open, and it is critical to have
a shared understanding of what we want to gain in the first step of the process (Bertone et al., 2016) to
improve the IWAM pathway. Chapter 4 (Paper #3), therefore, focuses on the problem structuring
process to support modellers in facilitating problem scoping and structuring, and examines a framework
which is used in a system dynamics-based integrated modelling approach in the Gourganroud case
study.
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8.1.3.1 Designed artifact 4: Combined System Dynamics and DPSIR
framework
As discussed above, any modelling effort needs to start with a clear problem definition that
determines the specifics of the modelling purpose. Chapter 4 (Paper #3) examines the design of a
Combined System Dynamics (SD) and “Driver-Pressure-State-Impact-Response” (DPSIR) framework
(Figure 8-3) that facilitates the problem scoping step of the modelling process. This design is especially
crucial in social-ecological systems problems where issues of concern are usually characterized as
“wicked” problems where there is little or no agreement on the definition of the problem, and where it
is difficult to identify causes or authority due to multiple values, multiple perceptions, multiple
perspectives, and multiple stakeholders (Rittel and Webber, 1973) while none of the different versions
of the problem definition is right or wrong (Brown, 2010). The framework starts with a DPSIR analysis
(European Environment Agency, 2003) based on all available resources, principally academic papers,
reports and interviews to identify the issues and the interactions between them. Then the SD steps
(involving causal loop diagrams (CLDs), stock-flow diagrams, calibration, validation and scenario
analysis) are based on the DPSIR analysis. The SD conceptual model and the subsequent causal loop
diagram facilitate a clearer definition of the problem and its boundary and scope. These steps may need
to be iterative.

Figure 8-3: Combined DPSIR and SD framework (from Chapter 4)
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The combined DPSIR and SD framework is designed to reinforce the advantages of each
methodology. DPSIR is a useful problem structuring method by providing the framework and
terminology for eliciting and combining views and issues in a meaningful way (Argent et al., 2016;
Bell, 2012; Gregory et al., 2013) and by providing a bird’s eye view of a causal framework for teasing
out the main variables and interactions among social and environmental systems, of which IWAM is an
example (European Environment Agency, 2003). SD provides a holistic and dynamic view of the
problem and the relationships within and among the social, economic, and environmental aspects of the
problem (Elsawah et al., 2017; Mirchi et al., 2012; Winz et al., 2009). Also, the development from
DPSIR to CLD provides a stepwise process for collecting the data required for model development.
Thus DPSIR provides a problem-focused framework of concepts for structuring environmental
problems and SD captures the feedback relationships and delays. Together, the DPSIR and SD
framework gives a comprehensive embodiment of the problem and its representation as a major part of
the IWAM exercise. Not all subsystems of complex problems such as occur with IWAM could be
controlled or managed. For example, population and economic activity are hard to influence, however
these subsystems should be defined and modelled in order to give a more complete picture of the issue.
Decision makers might not be able to control these subsystems easily but as researchers we should make
them aware of their impact on water resources and the resulting consequences.

8.1.3.2 Contribution in IWAM problem definition
One aspect that can confound the problem definition step of IWAM as a complex problem is the
risk of being overwhelmed by torrents of information. The designed framework suggests using DPSIR
as a problem-focused artifact in the initial step for collecting and organising data and information,
identifying the main issues and structuring the problem. DPSIR effectively helped to explain and justify
the process and make it systematic and transparent. Also, DPSIR provides the starting point for
hypothesising the relationships among the system components to be used in the next phase of model
conceptualization. DPSIR could also be used as a communication tool between stakeholders to share
their concerns and facilitate a common understanding.
A second confounding aspect in the IWAM problem definition step is having many versions of
the problem to deal with – indeed a list of problems, from different stakeholder and disciplinary points
of view. These two aspects are usually connected. SD helps to show this connectivity and provides a
holistic view of the situation which can be a firm foundation for the rest of the IWAM process. Causal
loop diagrams (CLDs) are useful tools in SD which can show the interconnections of the elements of
the problem. In the next step, CLDs provide a common and in-depth conceptual model. As discussed
above and in the published paper of Chapter 4, combining a DPSIR framework and CLDs provides a
stepwise process to provide complementary insights into the problem boundaries, the key sub-systems
and model structure, as a basis for developing the SD model.
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8.1.4 Chapter 5: Methodological decision making
Having clarified what the case-specific IWAM pathway is (Chapter 3) and the aim of the pathway
(Chapter 4), the thesis now tackles improving each step of the pathway. As described in Section 1.4.2.1,
the IWAM pathway, like any other decision-making support process, embodies a sequence of decision
forks and each decision fork faces multiple potential methodological options. Thus many
methodological decisions must be made, thereby shaping the IWAM pathway and consequently
affecting the result.
The pathway contains a series of interactive methodological choices in all steps such as problem
scoping, framing the decision problem, evaluating possible solutions, and making recommendations.
These methodological choices are influenced by a variety of influential and human factors originating
from the cognitive, behavioural, and mental frameworks of modellers, decision makers and other
stakeholders. There is an extensive theoretical body of literature that has a long history of addressing
these factors from the perspectives of: behavioural and operations research (Hämäläinen et al., 2013;
Hämäläinen and Alaja, 2008; Landry et al., 1983; Morris, 1967; Walker, 2009); addressing influential
human factors (Glynn, 2017; Hämäläinen, 2015; Montibeller and von Winterfeldt, 2015; Packett et al.,
2020; Payne et al., 1992; Simon, 1957; Tversky and Kahneman, 1974); and behavioural decision theory
(Payne et al., 1992; Simon, 1957, 1956), with roots in the psychological literature (Payne et al., 1999).

8.1.4.1 Designed artifact 5: Mapping rival decision support paths and
influential human factors
Chapter 5 (Paper #4) uses a number of figures to visualise and discuss interdependency between
decision forks (Figure 3), the influential human factors, as well as a broad array of methodological
constructs to better emphasise the choices that are most appropriate. Mapping methodological options
and their causes clarifies how problems can be perceived and framed in rival decision support paths
emerging from the cumulative effects of individual methodological choices and challenging human
factors. The map artifact and its associated discussion provide support for robust decision making in
complex human-natural systems such as IWAM, where there are tensions between competing and
sometimes conflicting frames of problems (e.g., competing objectives, the high-dimensional and
stochastic nature of systems) that are formulated under different stakeholder assumptions (Bosomworth
et al., 2017).
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Figure 8-4: Illustrative examples of (forward) interdependency between decision forks.
Each represents one particular type of dependency between different sets of decision
forks. The significance of interdependencies is heavily influenced by the study
context and needs to be assessed within a case (figure from Chapter 5)

Careful presentation of the impact of influential human factors, as provided in Chapter 5, can
increase awareness of the effects of mental and behavioural aspects on the decision support process and
their range of consequences for conclusions that are drawn. This awareness hopefully will encourage
the researchers and practitioners to recognize, evaluate and manage influential human factors because
they can sometimes lead to a poor path that does not effectively support robust decision making.

8.1.4.2 Contribution to IWAM methodological decision making
Chapter 5 (Paper #4) tackles improving IWAM methodological decision making in two ways.
Firstly, the artifact highlights the presence of alternative rival paths (Figure 3 in Chapter 5) that can be
considered to help improve decision making (Quinn et al., 2017; Saltelli and Giampietro, 2017; Wirtz
and Nowak, 2017). Secondly, the artifact delivers a transparent articulation of available methodological
choices and potential paths which facilitate understanding of path dependency and factors involved.
Chapter 5 classifies these factors conceptually based on their origin:
1. Beliefs, values, heuristics, and cognitive frameworks can be highly influential on people’s
judgement in the decision-making process (Hämäläinen, 2015; Payne et al., 1992; Simon,
1957; Tversky and Kahneman, 1974),
2.

Motivational effects such as expressed or hidden preferences can be a source of bias in
decision making (Susskind et al., 1999),
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3. Mental modelling and focused thinking approaches influence human decisions (Bessette
et al., 2017; Lahtinen et al., 2017),
4. The system of problem-solving is another source of influence in decision making that
occurs when the strong impact of the starting point and the structure of the decision
support process shape and influence the future choices of stakeholders (Hämäläinen and
Lahtinen, 2016).
The chapter recommends the following ways to illuminate the human factors involved in the
choices made during the decision-making process in order to improve the quality of the final inferences:
1. Developing a greater awareness of human factors and when and how they can affect
judgement is a critical first step (Lahtinen and Hämäläinen, 2016; Montibeller and von
Winterfeldt, 2015; Nickerson, 1998),
2. De-biasing aims to eliminate or reduce cognitive or motivational biases and their negative
impacts on the decision support process (Lahtinen and Hämäläinen, 2016; Montibeller and
von Winterfeldt, 2015),
3. Using a Devil’s Advocate (Lahtinen et al., 2017) or Red Team (Glynn, 2014) deploys a
peer-review group whose job is to challenge crucial assumptions set by primary researchers
and analyse worst-case conditions,
4. Documenting the records of the decision support process allows researchers and decision
makers to identify cases where a decision is not consistent with the stated objectives,
assumptions, and available information (Glynn et al., 2017).
Chapter 5 concludes that the careful consideration of rival decision support paths can help to shape
a transparent, fair, reproducible, and contextually legitimate decision-making practice, and
consequently it can enhance confidence in decision recommendations and illuminate sensitivities to
methodological choices.

8.1.5 Chapter 6: Reflective communication
Section 1.1.1 (Opportunities for improving …) argues that the modelling pathway sometimes
looks like a black-box to other stakeholders and decision makers, even in retrospect. Correspondingly
the research will not be reproducible if the taken path is not clear, even where there are journal articles
describing the model. Documentation and reflection can help illuminate human factors (Chapter 5) and
increase the transparency of the pathway and prise open the black-box of the modelling exercise
(Boschetti et al., 2011). In this connection, it is important to study the type of documentation and
communication that can be effective and the effects of having this type of documentation and
communication with respect to the pathway. Documentation and communication tend to be mostly
focused on reporting the process and the result; it is rare to see reporting of dead ends, changes in the
path taken and failures (Sterling et al., 2019). Researchers usually communicate the result and pay less
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attention to documenting and communicating the decision that produced the result. Reports typically
include a compilation and discussion of results and in best cases a manual for the model. This contrasts
with the view that the project pathway can be described as an adaptive spiral process (Figure 8-5) that
can improve reflection and become more mature over time.

Figure 8-5: Modelling as an adaptive spiral process (from Chapter 6)

8.1.5.1 Designed artifact 6: Pathway documentation using a pathway
diagram
The pathway diagram (Section 1.4.2.1) is adapted as part of the design of a pathway documentation
artifact, thereby providing a new level of documentation (Figure 8-6) which targets all stakeholders
(such as decision makers, experts, public) and specifically aims to open the black box of the IWAM
pathway, making it clear and transparent. Pathway documentation reports the details of decisions,
alternative decisions, dead ends, and changes in decisions during the project to support reflection.
Documentation is compiled whenever a decision is made that will affect the taken pathway (Lahtinen
et al., 2017). Carefully documenting decision support paths is critical for ensuring that decision
recommendations are supported by credible evidence, and therefore are defensible (Cash et al., 2003;
Cooke, 1991). The pathway documentation is intended to help with iteration and improve reflective
communication and documentation in general. Compared to use of the pathway diagram to merge
guidelines to facilitate planning (Section 1.4.2.1), in this case the diagram adopts a soft systems
perspective to capture team members’ views of what happened. The construction of the diagram is
anchored by facts (e.g. existence of reports and meetings), but steps can be separated in different ways
and the detail provided can vary across the pathway, reflecting the desired case-specific emphasis for
reflection as a way of dealing with complexity of real world project pathways. Using the pathway
diagram to provide pathway documentation can help to efficiently achieve a shared understanding,
conveying the information of a long report, but it should come with the report and not replace it.
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Figure 8-6: Forms of documentation at different levels of detail. Pathway
documentation fills a niche between technical and management
documentation to support reflection that improves project outcomes (from
Chapter 6)

Figure 8-7: Reflective Cycle adapted from Gibbs (1988) to include the key role of
documentation (from Chapter 6)

Reflective documentation fits easily within the reflective communication cycle (Figure 8-7).
Figure 8-7 starts with the documenting phase, which facilitates reflection and adaptation to action plans.

8.1.5.2 Contribution to IWAM communication and documentation
Chapter 6 (Paper #5) discusses the enabling of reflective communication and demonstrates the
importance of documentation and communication in an adaptive IWAM process as well as obtaining
feedback from other team members, decision makers and stakeholders and earning their trust.
Therefore, Chapter 6 designs an analysis of reflective communication in the Zaribar integrated
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management project to study the role of documentation and communication along a pathway and uses
the designed pathway diagram to facilitate the explanation of this role.
The Zaribar case study is a remote sensing study that forms part of a complex restoration project.
In the first step, a pathway diagram is used to map all the taken steps and methodological choices. Then
the project is analysed, and a set of suggestions and lessons learnt are discussed. In the next step, the
lesson learnt pathway is mapped to describe the potential positive effects of the suggestions on the
efficiency and robustness of the project. The main suggestion for improving the pathway involves
concrete measures that alter reflective communication and documentation to identify the pitfalls as early
as possible and adapt the path to that new information, namely dummy results, risk-based argument and
analysis, interactive and reflective documentation.
Going beyond a traditional documentation style and developing a new type of documentation is
also suggested. This new type of documentation is simply referred to as pathway documentation, which
aims to map the path, the decisions and methodological choices for interested stakeholders. The main
aim of having pathway documentation is to facilitate reflection on decisions by making them explicit
and clear.
Chapter 6 concludes that proper communication and documentation are key in enabling reflection
and adapting the pathway to changing circumstances. Also, some of the other points of the problemsolving black box such as dead ends, alternative decisions, and changes in decisions during the project
are clarified by the suggested reflective communication and documentation. The chapter recommends
that projects explicitly plan for documentation and communication activities. The resulting adaptive
and agile pathways have the potential to improve effectiveness, efficiency, and therefore the societal
contribution of modelling projects.

8.1.6 Chapter 7: Reflective monitoring and evaluation
Chapter 7 (Paper #6) builds on the previous chapters by investigating the evaluation of an IWAM
pathway in a way that aims to improve ongoing or future modelling, i.e. “formative” evaluation
(Hamilton et al., 2019). Integrated modelling is a social process rather than just a technical procedure,
so it is critical to evaluate the process effectiveness and not just the model results (Hamilton et al.,
2019). Various research has shown the benefits of considering the evaluation of the pathway of the
project while it is still ongoing (Alvarez et al., 2010; Badham et al., 2019; Hamilton et al., 2019), often
known generally as monitoring and evaluation (Hassenforder et al., 2016), formative evaluation
(Hamilton et al., 2019), or developmental evaluation (Patton, 2006). As discussed in other chapters, the
quality of practices used and decisions taken through the modelling pathway defines the effectiveness
of the IWAM exercise (Badham et al., 2019); therefore the traditional approach of evaluating the
modelling process only at the final stage to assess the modelling and its results (Bandara, 2007) is often
insufficient. While existing work within studies of IWAM evaluation is more suggestive of an
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evaluation step at the end of the project (Hamilton et al., 2019; Jakeman et al., 2006; Voinov and
Bousquet, 2010), many researchers have proposed the need for being reflective during the modelling
process and updating the pathway based on ongoing evaluation (Hämäläinen, 2015; Hassenforder et al.,
2016; Lahtinen et al., 2017). A well and effectively documented process (Chapters 3-6) may also
facilitate future evaluation, well beyond the initial "end" of the project or even ongoing M&E, by other
researchers or stakeholders with different experiences, knowledge bases, BBHV and cultural norms,
which can validate the result of the process and transfer the value to be used in latter processes in order
to support adaptive management.

8.1.6.1 Designed artifact 7: Self-reflection monitoring and evaluation
process
Chapter 7 (Paper #6) designs and applies a formative and self-reflective monitoring and evaluation
process based on: reflexive monitoring and evaluation (Gibbs, 1988; Holzer et al., 2018; Regeer et al.,
2009; van Mierlo et al., 2010; Zare et al., 2020b); an Interactive Learning Approach (Roux et al., 2010);
a reflective monitoring and evaluation project (Rijswijk et al., 2015); and the reflexive monitoring cycle
(Gibbs, 1988). This is to be achieved in a way that fits the case study requirements and situation.

Figure 8-8: Formative and self-reflection monitoring and evaluation process (from
Chapter 7)

The designed evaluation process has six steps (Figure 8-8). At first, a review is performed of what
has happened and of project documents to understand research goals, priorities and project history in
order to construct a pathway assessment (see Sections 1.4.2.1 and 1.4.5.1). Then, reflexive meetings
with each team member are carried out, inspired by literature on the research-oriented reflective
interview (Hibbert et al., 2010; Kunseler et al., 2015; Rolfe et al., 2001; Roux et al., 2010). Analysis of
meetings' qualitative data identified overall goals and constituent objectives and actions to achieve
them. Based on the result of the analyses, a survey was designed and sent to team members, asking
them to take part in collective reflection where they gave feedback on the extent to which they agreed
with the list of goals, objectives and actions and were willing to apply them. The results are reported
according to consensus, majority and score voting rules, leaving room for the team members to form
their own opinion of how to proceed (Table 8-3). Finally, a report of approved actions based on the
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reflexive survey was sent to team members. The reflective monitoring process is suggested to be
undertaken during the IWAM pathway in several steps so as to support adaptation and robustness of
the pathway.

Table 8-3: Results of the survey according to Consensus, Majority rule and Score
voting rule (see Chapter 7 for further explanation)
Goal

1. Improving
documentation

2. Improving
communication

3. Improving
project process
4. Improving
the modelling
process

Objective

Number
of
suggested
Actions

Consensus

Majority rule

Score voting rule
(>4/14)

Approved

Rejected

Approved

Rejected

Approved

Rejected

1.1 Improving documentation
coverage
1.2 Improving reflection

8

0

0

8

0

6

2

3

0

0

2

1

2

1

1.3 Improving management
of project documents
2.1 Improving communication
between team members
2.2 Improving communication
between the team and
external partners
2.3 Improving communication
between stakeholders and
modellers
3.1 Improving integration
through the project
3.2 Improving project
effectiveness and efficiency
4.1 Improving the efficiency
of the modelling process
4.2 Improving awareness
around behavioural
phenomena

4

1

0

4

0

4

0

5

2

0

5

0

5

0

3

0

0

3

0

3

0

3

1

0

3

0

2

1

4

0

0

3

1

4

0

3

0

0

3

0

3

0

6

2

0

6

0

6

0

3

1

0

2

1

2

1

Total

42

7

0

39

3

37

5

8.1.6.2 Contribution to IWAM evaluation
In Chapter 7 (Paper #6), a formative and self-reflective monitoring and evaluation process is
designed and applied to examine a case study project in the Campaspe catchment, Australia. Formative
monitoring and evaluation occurs during the process and is based on qualitative reflections in order to
modify the activities to improve the process. A self-reflective approach in this chapter refers to the
ability to stand back and look at our thinking, choices, decisions and acts, and examine how our view
of reality is affected by our desires, biases and thinking frames, revising them if needed.
One of the important contributions of this chapter is the design of a reflective monitoring and
evaluation process and applying it in an integrated assessment and modelling project. The main
conclusion of this paper is the need to combine conventional common evaluation approaches, which
tend to happen at the end of a project, with ongoing self-reflection-based monitoring to achieve a more
adaptive and efficient modelling project.
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8.1.7 Contributions to the IWAM journey and opportunities for
further work
The collection of contributions to the IWAM process discussed above come together in what can
be described as a journey of a group of stakeholders, decision makers and experts who all want to reach
a destination - solving a problem, but where each group might have different expectations, knowledge
and understanding of this journey, as illustrated in Table 8-4. Echoing the ideas expressed in Section
1.1.1 of the current chapter, it becomes clear that while this thesis necessarily has targeted only a
selection of issues and challenges (opportunities for improvement), this selection forms a coherent
whole targeting some of the most fundamental and generally applicable questions in IWAM research.
It has tried to achieve this by developing pragmatic socio-technical tools that have the potential to be
easily transferred beyond the case studies in which they were demonstrated.
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Chapter 2:
IWAM history

Chapter 3:
Shared pathway

What is this trip
about?

What does the trip
involve?

In the first step, we
need to know the
history, dangers,
necessary tools and
skills and aims of this
journey. IWAM
history is written by
the scholars and
practitioners who
have taken this
journey and have
written their
experiences,
suggestions and
recommendations in
the related literature.

At the start of the
journey, everyone
(stakeholders, decision
makers and experts)
should have key the
information about the
journey, such as the
aim, steps,
responsibilities of each
group, needed
resources and tools.
We should
synchronize
everyone's ideas and
understanding of the
process to make sure
everyone is on the
same page.
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Table 8-4: IWAM as a journey
Chapter 4:
Chapter 5:
Problem structuring
Methodological
process
decision making
What is the destination?
What choices need to
be made to reach the
destination?

Starting IWAM journey
with a group (of
stakeholders, decision
makers, experts) requires
that everyone has
compatible expectations
of where they will go and
what they will learn. It is
important to reach a
shared understanding and
devise a holistic plan
(which cover everyone's
expectations), because
starting from the same
place and sharing the
same map does not
necessarily mean that
people will reach a similar
destination and travel the
same pathway and gain
similar experiences.

Designing and evaluating practices and tools to improve IWAM

During the IWAM
journey, we will reach
several stations
(decision forks) which
have several road
options to take. Even
two similar roads with a
small deviation might
end up at a different
destination and yield us
different lengths,
expenses and
experience. So, it is
necessary to be aware
of the potential stations
and options
beforehand. Many
factors such as the
travellers’ preferences
or their biases might
affect the selection of
option (road, train, …).
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Chapter 6:
Enabling reflective
communication
How can informative
communication affect
the taken pathway?

Chapter 7:
Reflective and
formative evaluation
How to check if the
pathway is the best
possible one?

We will take many
decisions during an
IWAM journey.
Everyone
(stakeholders, decision
makers, experts)
should be aware of the
selected option and
other available options
and they should have
their say in decision
making. This
communication helps to
take any U-turn on time
if taking the wrong
path. We should avoid
one-way (tour guide
style) dialogue and
have a reflective
communication to
achieve the best
outcome.

It is always vital to
pause during the
journey, take the map
out and evaluate if the
taken path is the right
one to reach the
desired destination with
minimum time and
expense; and what
should we should do to
facilitate this journey,
maximise its outcome?
These evaluation
moments should
involve everyone in the
group and will help in
pathway adaptation.
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As should be recognised with all IWAM research, this thesis was limited by available resources
and expertise, and could have benefited from a deeper analysis and greater depth of specialist expertise
in certain areas. The bibliometric analysis in Chapter (2) would benefit from bibliometric methods to
study the citation networks and detect clusters and patterns which could reveal insights and bring new
perspectives to the understanding of the IWAM literature. The problem structuring process Chapter (4)
would benefit from having a better dataset in terms of quality of the data and the length of dataset; in
addition, a rigorous mathematical uncertainty analysis could improve the reliability of the results. The
methodological decision-making Chapter (5) would have benefited from an integrated modelling
example to demonstrate its applicability in more complex conditions. The Reflective communication
Chapter (6) would have benefited from additional analysis from a social science and project
management point of view. Increased reflective communication comes with specific transaction costs,
dominated by the staff time required, but potentially also including supporting tools or software.
Chapter 6 highlighted that additional time is highly likely to be compensated by efficiency savings by
avoiding the need to redo work. Chapter 7 noted that staff perceptions of (time) cost play an important
role. Future studies with an economics focus could examine actual and perceived transaction costs in
more detail and the resulting cost-benefit trade-off. Chapter 7 on reflective evaluation would have
benefited from an ongoing M&E during a project to see its effects on the project and a social study
about the effect of reflectivity on the researchers and the effects of their biases on the M&E. Potential
next steps for reflective evaluation include the use of frameworks and criteria for effective monitoring,
evaluation and learning in adaptive co-management of complex social-ecological systems based on
theory of change literature (Butler et al., 2016; Plummer and Armitage, 2006).
The issue of governance and its effect on IWAM and vice versa and how principles and values or
ethical judgements might tailor or inform the governance decisions is an important topic. It was not part
of the research agenda in this thesis but could be addressed in future research. In Chapter 7, the
evaluation facilitator was an involved outsider to minimize the effect of biases on the evaluation
process. This touches on issues of IWAM governance, but would also benefit from further study. Each
chapter (paper) was focused on an aspect of IWAM and designed an artifact to support that aspect. It
was necessary to test just one artifact in order to see its impact, as using more than one artifact could
cause some cumulative impact and make it difficult to evaluate their effectivness. For instance, Chapter
4 could benefit from using the pathway idea and clarifying each decision fork and possible choices
(Chapter 5, figure 3).With current knowledge about the artifacts, a next step could be to apply all of the
artifacts or a combination of them on an IWAM process to assess their cumulative impact.

8.1.8 Reflection on a design science perspective
Design science research (DSR) has been used in different disciplines such as management,
information systems and economics (Baskerville, 2008; Hevner et al., 2004; Jones and Gregor, 2008;
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Vaishnavi et al., 2012), but it is not a well-known approach in environmental studies nor in
interdisciplinary research. Since this thesis provides an early attempt at applying a design science
perspective in IWAM research, it provides an opportunity to reflect on its challenges and benefits.
The thesis finds the use of DSR to be valuable in several ways. Firstly, DSR provides a framework
to support the academic rigor of prescriptive research (Van Aken, 2005). The focus of this thesis is on
providing ways to tackle the problems, and IWAM practical science and DSR is similarly essentially
pragmatic in nature due to their emphasis on applicability of knowledge and making a clear contribution
to the application environment through the systematic creation of knowledge about, and with, design
(Hevner, 2007). In the maturity phase of IWAM where context-specific details are important, this thesis
has found that it makes sense to aim for case-specific contributions that other cases can learn from and
adapt, rather than risking over-generalisation. This is something DSR supports.
Second, DSR was effective as a meta-framework for organizing the research activities because it
gave the author of the thesis the flexibility to adapt new ideas from other disciplines whilst emphasising
the purpose and aim of the research as a guide for the adaptive IWAM process. The thesis adapted,
designed and examined artifacts in order to answer relevant research questions by using a DSR approach
and activities (see Figure 1). This thesis showed that IWAM exercises can be improved by taking a
design science perspective, in which researchers and practitioners design and apply fit-for-purpose
methodological tools and other artifacts with transferable elements. As Table 8-1 illustrates, each
chapter obtained benefits from applying DSR ideas in a variety of ways.
While a design science perspective was an effective framework for this research, there were some
challenges in communicating with respect to the DSR language. It has previously been recognised that
DSR’s central ideas and goals face ongoing confusion and misunderstanding (Goes, 2014; Gregor and
Hevner, 2013). This problem was highlighted in this thesis partly because use of DSR is new in IWAM
research. Communication about DSR is also known to be challenging (Gregor and Hevner, 2013), in
this case notably because terminology brings with it different connotations or different meanings. For
instance, in DSR the "environment” is defined as a problem space” (Hevner et al., 2004) that includes
people, organizations, and their existing or planned technologies, whereas in IWAM people and
organizations are stakeholders and are not considered as part of the environment. Such differences may
be small, but use of DSR imposes the need for explicit clarification to avoid misunderstandings.
DSR artifacts contribute to this research in several different ways, and it was not always
immediately obvious how to categorise an artifact, as an artifact can be a method, model construct or
even explanation. Moreover, defining the contribution is a complicated task (Baskerville et al., 2018)
and it can even be difficult to identify what parts of a method should be considered the artifact of the
research. As an example, a pathway is a way of examining the design process of IWAM but is also an
artifact itself, as a visual tool that can be adapted and transferred to other contexts. Differences between
artifacts can also be subtle but important, for example in the difference between the construction and
Fateme Zare -

Designing and evaluating practices and tools to improve IWAM

1/09/2020

179

role of the pathway in planning (Chapter 2) versus reflection (Chapter 6). Such confusions prompted
Baskerville (2008) to clarify that design science is not a new separate academic discipline, nor computer
science or an IT artifact. DSR is more a research paradigm than a methodology or a form of action
research. It may involve use and development of theories but it is not design theory. For adoption of
DSR for IWAM, it is therefore important to reiterate here that what matters is that the selected definition
of the artifact is useful to the research process rather than compliant with some theoretical ideal.
Another challenge of using DSR was the uncertainties surrounding it. Unlike many other forms of
research, DSR lacks a clear rigid definition to describe its process, characterise, steps and differences
with other forms of research (Easterday et al., 2014). Moreover, there are not many examples of research
in my discipline which applied DSR for a generic theoretical platform. The focus of DSR on developing
the artifact, which could be transferable to other research is challenging because it needs to investigate
the issue in a more generic and holistic point of view. But this extra effort to find an artifact which is
not case-specific is the reason that DSR is valuable to be applied and the gained results will be useful
to other studies as well.

8.2 Conclusions
This thesis has attempted to span the whole IWAM pathway from its definition to its evaluation
and has discussed socio-technical points which could be approached differently to improve the pathway
taken. The contributions of this thesis collectively represent a leap forward in reaching a deeper
understanding of how to undertake integrated water resources assessment and modelling research. One
of the important contributions of the thesis is the design of artifacts as practical tools that support
implementation, thereby overcoming key IWAM issues (introduced in section 1.1.1) and providing
answers to the research questions described in Section 1.3, as summarised below.
-

The need for IWAM’s maturity phase to emphasise integration of sociotechnical concerns
(RQ #1)

Although studies in IWAM have examined process improvements, there is still a gap between
theory and practices in IWAM research. There is a long way to go before crucial integration is achieved
with the non-economic social sciences and in dealing with uncertainty considerations more routinely
and holistically (RQ#1). The growth in number of IWAM publications has continued to accelerate, and
attention to both the biophysical and socioeconomic aspects has also been growing. But biophysical
modelling research continues to dominate. In the social sciences, the integration is occurring
predominantly through economics, with other domains, including law, policy and stakeholder
participation, much diminished in comparison. There has clearly been more focus on the model rather
than the process, and a weak focus on uncertainty, a pervasive concern whose criticalities must be
identified and managed for improving decision making.
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The thesis joins existing calls for consideration of the role of stakeholders to be more than an
information source or a report receiver, and involving them actively in the process of IWAM (Voinov
et al., 2016; Voinov and Bousquet, 2010), from designing the process (Chapter 3), defining the problem
(Chapter 4), articulating the decisions during the pathway and getting their input into the relative
methodological decisions (Chapters 5 & 6). This will help empower stakeholders, increasing their trust
in the process and consequently in its results, and it brings the process down from the ivory tower of
knowledge and expertise into reality.
-

Providing overview and summary tools to establish a shared understanding of IWAM (RQ #2)

Attention to socio-technical aspects of the process and the human role in making that process
robust and adaptive needs to go beyond strict guidelines to provide adaptivity in the modelling process
to be able to confront complex issues and engage different stakeholders. To tackle this issue, there is a
need to establish a shared understanding of IWAM between all involved groups (RQ #2). Therefore,
the thesis suggests new formats to share information about steps, to combine information flexibly from
multiple guidelines so as to create a shared, common source of information by using designed
communication tools such as pathway diagrams and ID cards. It is hoped that the thesis will help
implement the idea of modelling as an adaptive spiral process, containing several iterative loops to
reach a fit for purpose modelling exercise and agreement among stakeholders. The accompanying
designed IWAM pathway will then be more realistic since everyone is aware of the construction,
uncertainty aspects and limitations of the process, in contrast to blind adoption of an idealised process
prescribed by modellers.
-

Facilitating IWAM problem definition by combining methods (RQ #3)

Although much lip service has been given to the importance of stakeholder involvement, the
bibliometric analysis (Chapter 2) showed it is still fully leveraged. There are different levels of
involvement that are now well-recognised, from the low end of engagement of informing interest groups
through to co-engineering and full ownership (Arnstein, 1969). This thesis envisages that the
wickedness of IWAM problems requires engagement at the higher end. As an approach for such
engagement, a systematic approach in defining the problem using combined approaches such as DPSIR
and SD was designed to decrease the difficulties in the IWAM problem definition step (RQ #3) and
assist in making the whole process more reproducible.
-

Mapping rival paths and influential human behavioural factors (RQ #4&5)

From a broader perspective, the thesis suggests considering the IWAM process as a pathway which
entails many decisions, with the human factor playing a central role. “There are many roads to Rome”
and so there are many pathways for a unique IWAM problem and no one pathway is the right one. But
pathways are different in terms of efficiency, effectiveness, trust making and transparency, as well as
in the results generated. This thesis highlights the fact that methodological decisions are relative (RQ
#4) and sometimes subjective and affected by human factors (RQ#5). The thesis argues the need to
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prise open the black box of the process and use the concept of mapping the decision choices during the
process in order to shed light into this black box.
This thesis tries to make an important contribution by deliberately moving away from
dehumanizing the IWAM process, and instead moving towards a greater emphasis on human aspects
rather than on the technical processes, by considering the importance and effects of experts as human
beings with their own biases, believes, heuristics and values. The increased awareness of behavioural
factors that might affect selecting among the potential choices helps to increase the adaptivity of the
process and avoid locked-in pathways.
-

The underestimated role of reflective documentation and communication (RQ #6)

Thus, this thesis provides additional insight into the role of modellers in the IWAM pathway and
into the benefits and mutual support they can attain with stakeholders and decision makers by being
reflective. Improving current fragile communication and documentation practices (RQ #6) with a
reflective informative approach helps to make a pathway adaptive to changing circumstances. The thesis
has designed and used the pathway diagram tool to facilitate communication, illustrate the role of
communication within the project, and identify lessons learnt. The suggested pathway documentation
also fills a niche between technical and management documentation to support reflection that improves
project outcomes. The thesis demonstrates the importance of reflection during the pathway, the
examination of assumptions underlying existing practice, self-awareness and critical self-evaluation, all
to enable the action-oriented transformation of practice. A focus on reflective communication can be
relevant to anyone working with problem-solving research and policy decision making, and in particular
to environmental modellers and interdisciplinary researchers.
-

Experimentation with a formative and self-reflective evaluation approach (RQ #7)

The thesis argues for the need to combine conventional common evaluation approaches (Chapter
7), which usually materialise only at the end of the project, with an ongoing formative and self-reflecting
monitoring and evaluation process to realise a more adaptive and efficient modelling project. Being an
expert in a field and being comfortable with making decisions should not allow us to neglect the need
for reflection. The reflecting process is part of the learning process for the team members and involved
stakeholders. A reflective process increases transparency. And it helps the experts to see the dangerous
points, U-turns and other possible choices so the process can be more adaptive and robust. Reflectivity
can decrease the negative impact of human factors. Being a reflective practitioner is an important role
in the success of IWAM.
Given research that highlights the difficulties in achieving stakeholder acceptance (Sterling et al.,
2019), the artifacts designed in this thesis are relatively simple and inexpensive investments to
potentially save an entire, otherwise faltering, IWAM process. Even though most of the case studies in
this thesis are IWAM-related, the suggestions and designed artifacts should be broadly applicable to
other problem-solving processes as well.
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This thesis can hopefully be a useful resource for practitioners who are dealing with grounded
IWAM projects. They can exploit the suggestions, ideas, concepts, and design artifacts of the thesis and
customize them to fit their purposes. If there is just one notion that practitioners might adopt from this
thesis, I hope that it is following the example of embracing reflective practices. Going further,
stakeholders and decision makers might utilise the designed artifacts so as to be more embroiled in the
IWAM pathway and push the system to prise open and expose the black box. I have tried to use
knowledge from other disciplines and drew inspiration and ideas from them in designing my research.
Breaking the boundary between disciplines and working between boundaries is challenging, with the
risk of not being accepted in either discipline, but I found the experience inspiring and informative.
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