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ABSTRACT 
 
The goal of this thesis is to take people and practices as the primary focus in analysing 

past and emerging case studies of transitions in sanitation. ‘Transitions’, as structural 

changes in the way societal systems operate, are increasingly acknowledged as 

necessary for meeting sustainability goals. Uncertainties such as rapid population 

growth, the emergence of new pollutants, changing hydrological conditions, climate 

change impacts, global economic instability and declining phosphorus reserves are 

driving innovation and transitions in sanitation. 

 

Integral to the process of transitioning toward sustainability are ‘people and practices’ 

and yet the tendency of innovation scholars is to focus on technological factors and 

systems of supply. This ignores the importance of the human dimensions of 

technological change. In light of this knowledge gap, the objective of this thesis is to 

investigate how ‘people and practices’ are involved in technological change and in the 

emergence of sustainable systems of sanitation. 

 

Practices in this thesis are discussed at the level of using novel technologies 

(implicating end-users) and the level of planning, designing and managing the 

installation of novel technologies (implicating project teams). Complementary to the 

overarching framework of transition management, this transdisciplinary perspective of 

‘practices’ draws on literature from practice theory, social and organisational learning 

and communities of practice.  

 

Six case studies of transitions in sanitation, over three cycles of research, provide 

insight into how transitions have historically occurred, are occurring at present and 

might be more readily facilitated in the future. The diverse range of cases span 

temporal (historical and real-time cases), geographic (local and international cases) 

and spatial (community and city scale cases) scales with a primary focus on the 

emergence of urine diversion (UD) in Sweden and Australia.  

 

The sociological perspective adopted to study transitions in sanitation revealed the 

complex relationship between sanitation technologies, and the users/consumers and 

managers/providers of these systems. Contributions to new knowledge resulting from 

this research span praxis and methodology. This has included identification of 

principles for designing experiments to support social learning in transdisciplinary 

projects inclusive of end-users, processes for engaging end-users in adopting new 
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practices through social learning, and methods for translating individual learning into 

organisational learning and change by organisations trialling sustainable innovation. 

Methodological contributions include the identification and application of a cumulative 

staged approach to case study research on transitions and demonstration of the value 

and validity of qualitative social research in facilitating and supporting the emergence of 

new and fragile practices. 
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CHAPTER 1 - INTRODUCTION 
 

   
1.1 Overview  

 
The overarching goal of this thesis is to take people and practices as the focus of 

analysis in transitions in sanitation. Much of the literature on transitions tends to focus 

on the introduction of new technologies and systems of supply rather than how social 

dimensions are implicated in transition dynamics (Shove & Walker 2010). This 

introductory chapter will therefore define the concept of human-centred transitions, 

introduce the object of inquiry, transitions in sanitation, and present the starting point 

for this thesis – that systemic innovation is necessary for transitioning to sustainability 

(Truffer, 2008) and is facilitated through socio-technical experiments. In investigating 

human-centred transitions, a practice-based approach is adopted to analyse how 

people and practices are involved in the transition process. The research questions 

critiquing and analysing human-centred approaches to transitions in sanitation are 

presented below. 
 

In addition this chapter defines the transdisciplinary framework adopted in this thesis 

and reflects on the criteria for quality in transdisciplinary research. In concluding, 

details of the structure and style of this thesis are presented to guide the reader on the 

role of published papers in the development of this thesis by publication.  

 

1.2 The starting point for this thesis 
 

The starting point for this thesis is the view that systemic innovations are necessary for 

transitioning to sustainability (Truffer, 2008) and that small scale niche experiments 

(whether organised or spontaneous) provide the context for multi-dimensional learning 

to occur (technological, institutional, societal, environmental and economic) through a 

process of ‘learning-by-doing’ (Raven, 2009, Caniels et al, 2008). With this starting 

point the thesis takes a broad overarching view of the emergence, development and 

planning of sustainable sanitation concepts and systems in Australia and Sweden. 

Urine diversion (UD)1 in particular is used as a specific example of innovation in 

sanitation due to its enormous potential to contribute to sustainable management of 

                                                 
1 As a novel approach to wastewater management, modern urine diversion (UD)  technology emerged in 
the early 1990s separating waste streams (urine and faeces) in the toilet so that urine could be safely 
collected, stored, and reused as a phosphorous rich substitute for fertiliser in agricultural applications. 
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sewage.2 The human dimension of socio-technical experiments, both in the use of UD 

technologies and the management of UD systems, is investigated to gain an integrated 

perspective of the viability of UD in practice.   

 

1.3 Human-centred approaches to transitioning to sustainability 
 
‘The technocratic view is faulty, not because it is incorrect, but because it is 
incomplete’ (Tinker & Lowe 1984, cited in Munro 2011). 

 
The literature on sociotechnical transitions and their governance tends to concentrate 

on the introduction of new technologies and systems of supply (Shove & Walker 2010) 

rather than the dynamics of demand in which human needs and societal functions are 

implicated. As Tinker and Lowe (1984) suggest, the technological is faulty due to the 

lack of adequate consideration of the social dimension of transitions that (in many 

cases) is lacking.3 

 

In adopting a social constructivist view of ‘transitions’, this thesis reflects theoretical 

underpinnings in the field of science and technology studies (STS) which suggest that 

technology is closely intertwined with the social context in which it is developed. There 

is a broad range of theoretical strands of thought in the STS field, including theories on 

Social Construction of Technology (SCOT) (Bijker, Hughes & Pinch 1987), Large 

Technical Systems (LTS) (Hughes 1987) and Actor Network Theory (ANT) (Callon 

1987) and while they may diverge in the areas they focus on, all acknowledge that 

society and technology co-evolve. In the case of sanitation, the physical infrastructure 

and technologies, the social actors involved in the use and management of these 

systems and the rules and regulations governing their operation define them as socially 

constructed, socio-technical systems. 

 

                                                 
2 For example, UD systems have the potential to recover approximately 80% of nitrogen and 60% of 
phosphorous from domestic wastewater in the form of separated urine (Larsen et al, 2009), to reduce 
nutrient discharge from wastewater treatment plants and therefore eutrophication of waterways and cost of 
treatment (Wilsenach et al., 2003), yield associated environment benefits (Jonsson, 2002) and provide the 
potential to reuse urine as a substitute for chemical fertiliser in agricultural applications (Jonsson et al., 
2004). 
 
3 While there are emerging case studies with a user centred focus, such as research on facilitating the 
transition in the Dutch Health care sector (Loorbach, 2010), the majority of empirical research in the field of 
transitions has focused on the development of infrastructures and networks of actors. These include cases 
on energy supply (Raven, 2007), sewerage (Geels, 2006), water infrastructure (Van De Brugge, 2007) 
and transportation (Brown, 2004). The ‘technological’ focus in transitions research tends to overlook the 
human dimension of socio-technical systems, in particular the habits and practices implicated in the 
process of system change (Shove & Walker, 2010). 
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This thesis aims to take a sociological perspective of transitions and socio-technical 

systems and to explicitly fill the knowledge gap on human-centred perspectives of 

transition management (TM). Analysing innovation in sanitation from a sociological 

perspective requires exploring how habits and practices of relevant stakeholders have 

supported the uptake of innovation, how existing infrastructural systems influence 

sanitation practices, and how socio-cultural norms related to using and managing 

current sanitation systems are potentially reconfigured in the process of system 

change. ‘Users’ of innovation in sanitation (whether technology users or the project 

team managing the technological system) then become critical to consider when socio-

technical experiments are viewed through the disciplinary lens of sociology. As 

proposed by others working at the interface between society and sanitation technology 

(Van Vliet, Spaargaren & Oosterveer 2011), the social sciences have a significant 

contribution to make in the uptake of innovation in sanitation. 

 

Integrating knowledge and insights from both users and managers of experiments has 

emerged in this research as an important factor when trialling innovative systems of 

sanitation. Any approach which acknowledges the importance of this connection in the 

design of socio-technical experiments will require ‘users’ to be engaged, consulted and 

designed into the technological system, and that human factors associated with socio-

technical change be given equal weight in the design process.  

 

1.3.1 The challenges of system change 
 
Transitioning toward alternative systems of sanitation (which may provide more 

sustainable outcomes) is challenging. The nature of the centralised water-borne 

sanitation system, with more than a century of capital infrastructure investment, 

institutional structures and embedded social habits of practice, presents significant 

challenges for system innovation4 and the introduction of more sustainable sanitation 

options. The difficulty in deliberately changing the existing system toward a more 

sustainable one is the fact that a transition from one system to another requires not 

only the introduction of new technological artefacts but also new markets, user 

practices, regulations, infrastructures and cultural meanings. This suggests that change 

cannot be brought about through technological innovation alone but rather requires 

                                                 
4 System innovation is generally defined as large scale transformation in the way societal functions (such 
as transportation, communication, housing or waste management) are fulfilled (Elzen, Geels & Green 
2004). The emphasis is on the co-evolution of technical and societal change as opposed to incremental 
change which is characterised primarily by changes in technology. 
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institutional and socio-cultural transformations to occur (Geels 2005b). Although many 

authors have discussed the difficulties of changing socio-technical systems (Dosi 1982; 

Metcalfe 1997; Rip & Kemp 1998; Rotmans, Kemp & Asselt 2001) there is increasing 

interest in system innovation and the sustainability benefits the transition may offer 

policy makers, non-government organisations, research institutes and industry (Elzen, 

Geels & Green 2004).  

 

1.4 Socio-technical experiments in transitions to sustainability 
 
Deliberately trying to manage a transition toward sustainability has been the recent 

focus of a field of interdisciplinary research that has emerged over the last decade – 

Transition Management (TM). TM acknowledges the process of evolutionary change 

that occurs in socio-technical systems and is concerned with identifying when and how 

transformations can be ‘initiated, facilitated and influenced’ (Van der Brugge & Van 

Raak 2007 p.34), the implication being that ‘if we can steer and shape future 

technological development we may be able to create a more sustainable environment 

in which to live’ (Shove & Walker 2007, p. 272). The question debated (Rotmans & 

Kemp 2008; Shove & Walker 2008) has been whether our complex world ‘dominated 

by ideologies of neoliberal capitalism, global finance and commodity flows … is really 

capable of deliberately shifting technologies, practices and social arrangements – not 

to mention their systemic interaction and interdependencies – onto an altogether more 

sustainable track” (Shove & Walker 2007, p.763)  

 

Whether or not they can be successful tools for transforming whole systems of service 

provision or not, this thesis takes the view that socio-technical experiments are 

valuable spaces for learning about the challenges and opportunities of system change 

and that they function as a tangible, practical representations of what is possible in a 

sustainable future. Even if the outcomes of such experiments are unknowable and the 

future inherently unpredictable, there is, as Rip (2006) suggests, value in the ‘illusion of 

agency’ as ‘illusions are productive because they motivate action and repair work, and 

thus something (whatever) is achieved’ (2006, p. 94).  

 
1.5 Research questions 
 
Taking into account that the intent of this thesis is to investigate ‘transitions in 

sanitation’ from a human perspective, four primary research questions are explored: 
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1. How are transitions to sustainability improved through a human-centred 

approach to designing, planning and managing socio-technical experiments? 

 

2. How are emerging practices supported in socio-technical experiments? 

 

3. What types of practices are necessary to consider in the process of learning in 

socio-technical experiments?  

 
The fourth and final research question investigated in this thesis emerged during the 

research process where it became apparent that organisational practices (by 

organisations managing socio-technical experiments) and social practices (by users of 

the technology being trialled) were both critical factors to consider in the successful 

introduction of innovation in experimental settings. Managing the integration of 

knowledge from both these critical stakeholders in the process of trialling innovation 

was important to consider and therefore the final research question is: 

 
4. What processes support co-creation and integration of different perspectives in 

socio-technical experiments to enable learning about the potential of innovation 

from a human-centred perspective? 

 

1.6 Transdisciplinary research and reflective practice 
 
‘The world has problems and universities have departments’ (Brewer 1999 p.328).  
 
In answering these research questions the case studies included in this research are 

deliberately diverse in regard to geographic locations, temporal or chronological 

timeframes and scales or units of analysis. What binds these six case studies together 

is the focus on ‘transitions in sanitation’ and the transdisciplinary lens through which 

they have been viewed. 

 

A transdisciplinary approach to research is one that responds to the inherent 

complexity of environmental and societal problems. As Max-Neef (2005) suggests, the 

problematiques5 that define the 21st century, such as water management, poverty, 

environmental crises and terrorism are complex, messy, ill-defined and ambiguous 

problems which cannot be adequately tackled from a single disciplinary perspective. 

                                                 
5 The term problematique is proposed by the Club of Rome to describe problems that are global and have a long-term 
impact (Neef 2005) 
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These problems are highly complex, are potentially embedded in different societal 

domains and involve various actors with different perspectives, norms, and values. 

Solutions to such problems are unclear and multifaceted. Therefore, taking a purely 

analytical and/or disciplinary approach to solving them will be inadequate.  

 

Transdisciplinary inquiry aims to move beyond disciplinary boundaries in solving 

complex problems (Robinson 2008). The three primary characteristics of 

transdisciplinary research are that (1) it is problem focused, (2) it has an evolving 

methodology and (3) it is collaborative (Wickson, Carew & Russell 2006). 

 

1. Problem focused  

In transdisciplinary research there is an explicit normative intent to solve real world 

problems to create change toward a more sustainable outcome (Russell, Wickson & 

Carew 2008). This intention in creating change in the context of the research project 

aligns with Boyer’s (1997) model of scholarship of integration in which collaborative 

approaches to solving ‘real world’ problems are sought.  

  

2. Evolving methodology 

Adopting a problem focus rather than a thematic focus means there is no single 

methodology associated with transdisciplinary research but rather a need to reflect on 

and respond to the problem being investigated. Wickson et al. (2006 p.1050) note that, 

‘In contrast to multi- and interdisciplinarity, transdisciplinarity is characterised by an 

interpenetration of epistemologies in the development of methodology’. This suggests a 

blurring of disciplinary boundaries occurs in transdisciplinary research and that there 

need to develop methodologies appropriate for the specific context of the problem. 

Balsinger (2004) calls for a pluralistic methodology that emerges and evolves as the 

problem becomes clear under investigation. The implication for transdisciplinary 

researchers is that they move beyond a ‘linear, static methodology and aim for an 

evolving, dynamic or responsive methodology that is iterative and an on-going part of 

the research process’ (Wickson, Carew & Russell 2006 p.1051). 

3. Collaborative Engagement 

Transdisciplinarity has been defined as collaborative knowledge generation between 

researchers and stakeholders (Stokols 2006). Thompson-Klein (2004) goes even 

further to suggest that in defining collaboration beyond shared knowledge generation a 

transdisciplinary approach aims to include the ‘‘intentional involvement of stakeholders 

in the definition of problems and those criteria, objectives and resources used to 

analyse and resolve them’’. In aiming for broader community involvement in 
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transdisciplinary research, different social knowledge and expertise of the problem is 

obtained from the ‘real world’ (Horlick-Jones & Sime 2004). An important distinguishing 

feature therefore is not only collaboration between disciplinary specialists but also 

between specialists and community participants (Stokols 2006; Thompson-Klein 2004; 

Wickson, Carew & Russell 2006).  

 

In further clarifying transdisciplinary research, Ramadier suggests it is a way of 

preserving different perspectives, disciplines and realities of a problem so as to 

confront them in the generation of integrated knowledge. “The goal is no longer the 

search for consensus but ... the search for articulations” (Ramadier 2004 p. 434). In the 

following section I describe how these characteristics of transdisciplinary inquiry are 

exemplified in this research. 

1.6.1 Exploring this thesis through a transdisciplinary framework 
 
In clarifying the transdisciplinary nature of this thesis, it is necessary to view the 

research in its entirety, as a cumulative staged process that involved three distinct 

cycles of action research around the problem focus of ‘transitions in sanitation’. 

 

CYCLE 1 – was an attempt to prepare for future research collaboration by doing what 

Donnella Meadows terms ‘getting the beat’ (Meadows 2002). This required reflecting 

on the historical context in which transitions in sanitation have developed in Sydney 

and are emerging in Melbourne (see Papers I and II). Both case studies provided the 

opportunity to explore the relationship between technology and society and reflect not 

only on the emergence of technological innovations, such as piped water infrastructure 

(in Sydney) and innovation in decentralised systems (in Melbourne) but also the 

relationship to cultural, political, economic and behavioural changes during the 

respective periods of technological development. 

 

This cycle of research became a period of orientation and was focused on gaining 

experience, exposure and understanding of the water sector to then be able to 

constructively contribute to its transformation by collaborating with industry partners in 

trialling emerging innovations, such as UD systems, in later cycles of research. The 

collaborative nature of transdisciplinary inquiry meant that I, as the researcher, needed 

to be prepared and gain expertise and understanding of the field of research before 

collaborating with participating stakeholders.  
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My disciplinary background as an industrial designer and my involvement in designing 

composting toilets for the Australian market provided me with some understanding of 

the water sector and the limitations of alternative systems of sanitation. My experience 

as a toilet designer also fuelled my interest in the social side of socio-technical change 

and how alternative sanitation systems might be more widely accepted within society. 

The starting perspective in this initial cycle of research was therefore one in which the 

role of design in transdisciplinary research of sustainable sanitation was foregrounded 

(see Paper I). 

 

The primary research question related to this cycle of research is Question 1; How are 

transitions to sustainability improved through a human-centred approach to planning, 

designing and managing socio-technical experiments? This question was explored 

historically by investigating the emergence of the development of alternative sanitation 

systems in Sydney and Melbourne (see Papers I and II).   

 

CYCLE 2 – While Cycle 1 provided the opportunity to ‘get the beat’ on the Australian 

water sector, Cycle 2 narrowed the field of focus to more sustainable forms of 

sanitation such as UD. This cycle of research built on pioneering work by others 

working in this UD field (Larsen et al. 2010; Larsen et al. 2009; Larsen & Gujer 2001) 

by exploring the social dimension associated with UD systems. My interest in the socio-

material relationship between end-users and sanitation technology led to investigating 

the emergence of emergence of UD in Sweden as leading edge practice (see: Paper 

III). In combining social inquiry and policy analysis, a holistic perspective was gained in 

regard to the limited uptake of UD beyond the commitment of ecological communities 

in Sweden. 

 

This cycle of research was a way of establishing my credentials as an Australian 

researcher with firsthand experience in UD internationally. Two months of fieldwork and 

site visits to major UD installations in Sweden, including UD systems installed in a per-

urban primary school (Mondalstad Eklandastolan), an urban science museum 

(Gothenberg Universium) and a local municipality promoting UD (Tanum Municipality), 

provided me with critical insight into the long term viability of UD which was significantly 

different from the majority of academic publications that tended toward reporting 

‘success stories’ of UD trials (Lienert & Larsen 2010). In addition to Swedish fieldwork, 

visiting and networking with European research institutes implementing UD systems 

(e.g. the Swiss Federal Institute for Aquatic Sciences and Technology (EAWAG) and 

the German Agency for Technical Cooperation (GIZ)) expanded my network of 



26 
 

contacts and provided a broader knowledge of research conducted on UD 

internationally.  

 

From a transdisciplinary perspective, this preparatory work (in Cycles 1 and 2) placed 

me in a position to later engage with industry stakeholders trialling UD in Australia (in 

Cycle 3) not only as a ‘researcher’ but also as an expert/participant/observer with a 

specific area of expertise to offer. Cycle 2 was therefore an opportunity to prepare 

myself for future collaboration with industry partners by gaining previously unpublished 

knowledge about the on-the-ground Swedish experience of trialling UD to contribute to 

the development of Australian UD pilot projects. 

 

The research questions related to Cycle 2 of the research included: How are emerging 

practices supported in socio-technical experiments?  

 

This question was explored by investigating the emergence and development of UD in 

Sweden and how innovative policy supporting nutrient recovery and reuse in sanitation 

did not necessarily lead to the uptake of UD systems more broadly (see Paper III).   

 

CYCLE 3 – was the opportunity to incorporate previous cycles of learning into practice 

by collaborating with transdisciplinary partners from industry, government and 

academia in trialling UD in two Australian pilot projects (see Papers IV, V and VI). This 

action-oriented component of the research was focused on learning through trialling 

innovation, or more specifically ‘learning-by-doing’. Edquist (1997) proposes that at the 

centre of the innovation process is learning of different kinds by a range of actors 

involved. Ludvall (1992) points out that such activities involve learning-by-doing, 

increasing the efficiency of production operations (Arrow 1962), learning-by-using, 

increasing the efficiency of the use of complex systems (Rosenberg 1982) and 

learning-by-interacting, involving users and producers in an interaction resulting in 

product innovations (Lundvall 1988) (Lundvall 1992, p.9 cited in  Edquist 1997)’ 

 

All four research questions are related to Cycle 3 of the research. 

How are transitions to sustainability improved through a human-centred approach to 

planning, designing and managing socio-technical experiments? 

 

How are emerging practices supported in socio-technical experiments? 
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What types of practices are necessary to consider in the process of learning in socio-

technical experiments?  

 

What processes support co-creation and integration of different perspectives in socio-

technical experiments to enable learning about the potential of innovation from a 

human-centred perspective? 

 

These questions were investigated by analysing the development of two socio-

technical experiments of UD systems in Sydney and Victoria and the role that users 

and project team members played in supporting these trials. Figure 1 is a visual 

representation of the cycles of research, the journal papers related to these cycles and 

the theoretical frames used to explore transitions in sanitation from a human-centred 

perspective.6 

 

 

                                                 
6 My changing role across these three cycles of research from investigator to research consultant 
extended the duration of my PhD and is discussed in more detail in Chapter 2. 
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Figure 1 Cycles of research describing the chronological development of papers, exploratory scope, local and international fieldwork and 

theoretical frameworks use
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1.6.2 Reflections on quality in transdisciplinary research 
 
While transdisciplinarity provides a holistic way of seeing the world that acknowledges 

multiple realities, transdisciplinary theory and practice is still an emerging field of 

inquiry (Wickson, Carew & Russell 2006) which requires alternative approaches in 

evaluating the quality of research (Willetts et al. 2012). Producing and assessing a 

transdisciplinary thesis for validity and rigour necessarily entails evaluating what 

constitutes valid knowledge and legitimate methodologies (Willetts et al. 2012). As 

transdisciplinarity aims to transcend disciplinary boundaries, there may in fact be 

multiple ways of understanding a problem situation and therefore a number of 

associated methodologies which can be adopted to elicit knowledge in transdisciplinary 

research.  

 

Different academic disciplines have different criteria for assessing the validity of 

research which makes the task of evaluating a transdisciplinary thesis challenging if it 

is viewed from a single disciplinary perspective. Mitchell and Willets (2009) in a 

research project supported by the Australian Learning and Teaching Council have 

developed criteria for transdisciplinary research. Based on pedagogical literature and 

the views, experiences and reports of experienced transdisciplinary examiners and 

students, the report provides guidance: 

 for doctoral students demonstrating validity and rigour in transdisciplinary 

research  

 for the research community (including thesis examiners) in their assessment of  

valid, rigorous transdisciplinary research.  

 

Mitchell and Willetts’ (2009, p.17-18) criteria for quality assessment essentially relate to 

the need for the student to provide an original and creative contribution to doctoral 

research, to be critically aware and reflective, to engage beyond the literature, to 

incorporate an evolving methodology, to align epistemologies, theories and 

methodologies in an appropriate way and to effectively communicate to diverse 

audiences. The way in which this research has met quality critteria for transdsiciplinary 

research is expanded on in the methodology section of this thesis (see Chapter 2). 
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1.7 Thesis structure and guidelines for the reader 
 
This doctoral thesis has been structured as a ‘thesis by publication’ and meets the 

requirements set by the University of Technology Sydney. While the accompanying 

papers provide much of the theoretical and analytical basis for this thesis (see Table 1. 

for an overview of the papers included in this thesis, and the objectives, methods, 

analytical framework, scope and findings of each paper) the supporting chapters 

provide the intellectual framework for the research approach and contribute: 

 

 an expanded literature review of relevant and related theories  

 a deeper methodological perspective on the research design  

 a synthesis of key findings, recommendations and conclusions of the research   

 methodological data and supplementary documents in the appendices. 

 

In guiding the reader on how to approach this thesis I recommend reading Chapter 2 

on research design first, followed by the six published papers (Papers I-VI), and then 

reading the remaining thesis chapters. This will provide the reader with insight into the 

breadth of research conducted first before encountering the depth of research in the 

accompanying chapters.   

 

The following chapters of this thesis are structured as follows: 

 

Chapter 2 elaborates on the research design and sets the context for the research by 

exploring the argument for research as a form of intervention. In first stating my 

epistemological stance, and detailing the multiple case study approach adopted to 

intervene in transitions in sanitation, Chapter 2 introduces the transdisciplinary quality 

criteria used to evaluate the six cases that constitute this thesis by publication before 

summarising the methodological approach. 

 

Chapter 3 discusses the human dimension of transition research and argues for a 

human-centred approach to planning, designing and managing socio-technical 

experiments for learning. Drawing on ‘practice theory’, this chapter argues that ‘users’ 

in particular have the potential to provide valuable feedback on the social dimensions 

and practices associated with the diffusion of innovation in sanitation. This chapter 

draws on research from case studies in Sweden and Australia to analyse how users of 
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UD systems have been implicated in the successful emergence and development of 

UD systems in experimental settings. 

 

Chapter 4 expands the scope of human-centred transitions to explore the role of 

organisations, in particular project team members, involved in initiating socio-technical 

experiments for learning. This chapter argues that the radical nature of system change 

may require facilitating changes in organisational and professional practices as well as 

changes to user practices in designing, planning and managing socio-technical 

experiments. This chapter uses social and organisational learning theories to justify 

and support this argument and draws evidence from two Australian trials of UD 

systems in which established organisational practices and project teams involved in 

trialling innovation were implicated in the relative success of the experiment.  

 

Chapter 5 synthesises the two previous chapters by arguing that a human-centred 

approach to facilitating transitions in sanitation requires adopting processes to co-

create, integrate and apply knowledge from different knowledge sources (e.g. end-

users and project team members).This chapter draws on transdisciplinarity to argue for 

integrated knowledge management when designing socio-technical experiments for 

learning and provides evidence from two Australian case studies in which both users 

and managers of socio-technical experiments were influential in the process of learning 

about the viability of UD in practice. 

 

Chapter 6 presents a synthesis of key findings from the research and offers 

recommendations for further research on human-centred approaches to designing 

socio-technical experiments for learning. This chapter also evaluates how this research 

has contributed to new knowledge beyond the boundaries of the thesis. 

Transdisciplinary outcomes from this research are identified in regard to the 

development of new stocks and flows of knowledge, mutual learning and changes 

within the situation. 

 

Appendices provide qualitative, methodological data and supplementary material 

including material related to the research design. 

 

Papers I-VI are chronologically presented at the end of this thesis. 
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 Table 1 Overview of Papers – Objectives, Methods, Analytical framework, Scope and Findings 

TITLE 

 
Paper I - The challenge of 
system change: an 
historical analysis of 
Sydney’s sewers 

 
Paper II - Emergence 
of decentralised water 
and sanitation systems 
in Melbourne, Australia 

  
Paper III – Sustainable 
innovation in wastewater 
management: lessons for 
nutrient recovery and reuse  

 
Paper IV - Facilitating 
sustainable innovation by 
designing socio-technical  
experiments as social learning 
systems  
 

 
Paper V – Facilitating organisational 
learning in planning for sustainable 
development: an Australian 
perspective on trialling sustainable 
water services 
 

 
Paper VI – Supporting system 
change and niche practices 
through participatory qualitative 
social research  

JOURNAL OF 
PUBLICATION 

Design Philosophy 
Papers  (2009) 

International Journal of 
Water 
(accepted) 

Local Environment (2013)  
 

Journal of Cleaner Production 
(in press) 

Water Policy (Submitted) Beyond Behavioural Change 
Symposium (2012) 

OBJECTIVES 

 
 To identify how system 
change has historically 
occurred from the use 
of cesspools to sewer 
systems in Sydney by 
identifying linkages 
between different 
heuristic levels 
(landscape, regime, 
niche) 

 To identify lessons 
learned  for designers in 
managing transitions 
toward sustainable 
sanitation  

 
 To identify the 

interrelated and 
reinforcing factors 
that have driven the 
recent shift in 
perception toward 
decentralised 
systems in 
Melbourne 

 

 
 To identify local, national 
and supranational policies 
supporting nutrient recovery 
and reuse in Sweden 

 To analyse how policies 
have influenced the 
introduction of novel 
systems of nutrient recovery 
e.g. urine diversion 

 To investigate the alignment 
between policies for nutrient 
recovery and reuse and 
uptake of urine diversion in 
Sweden in practice 

 
 To determine the factors 

hindering and supporting  
collaboration in 
transdisciplinary research 

 To identify the most 
appropriate means of 
facilitating social learning in 
transdisciplinary teams 

 
 To determine how organisational 
learning and cross-disciplinary 
input supports planning for 
sustainability in the water sector 

 To identify the process in which 
individual learning is translated 
into organisational learning and 
action to support planning of 
socio-technical experiments 

 To develop recommendations for 
planning and managing socio-
technical experiments based on 
empirical evidence 

 
 To capture end-users’ 

perspectives on trialling urine 
diversion systems in practice 

 To analyse the value of 
collaborative qualitative social 
methods in socio-technical 
experiments 

 To identify design 
interventions to support the 
emergence of new practices in 
socio-technical experiments 

METHODS 
Desktop literature review, 
document analysis 

Document analysis, 
literature review 

Policy analysis, literature 
review, stakeholder interviews   

Stakeholder interviews, 
document analysis, project 
management processes, 
participatory observation 

Stakeholder interviews, document 
analysis, literature review, learning 
evaluation workshop 

Surveys, qualitative methods, 
literature review 

 

ANALYTICAL 
FRAMEWORK 

Multi-Level Perspective 
(MLP) 
Transition Management 

Multi-Level 
Perspective (MLP), 
Futures Triangle, 
STEEP analysis 

Strategic Niche Management, 
Transition Management 

Transdisciplinary Research 
(TD), Communities of Practice, 
Social Learning 

Transdisciplinary Research (TD), 
Organisational learning, Social 
Learning 

Practice Theory, Social Learning 

SCOPE 

 Sydney, Australia 
 1850-1950 
 Centralised sanitation 

 Melbourne, Australia 
 2005 
 Decentralised WWM 

 Sweden 
 1990s-2010 
 Urine Diversion (UD) 

 

 University of Technology 
Sydney 

 2010 - 2011 
 Research project - Urine 

diversion  

 Kinglake West community trial 
 2010– 2011 
 Community trial - Sustainable 

sanitation 
 

 University of Technology 
Sydney 

 2010 – 2011 
 Research project - Urine 

diversion 

KEY FINDINGS 

 Historical transitions 
toward sustainability 
occur through alignment 
between technological, 
social, institutional, 
economic and 
environmental factors 
and  actors 

 ‘Design’s’ contribution 
to system change will 
require moving beyond 
a focus on 
technological, finite 
solutions to cross-
disciplinary 
collaboration  

 Urban growth, socio-
political shifts toward 
environmentalism, 
regime responses to 
water security, 
community-based 
funding for 
innovation in water 
technologies, 
property industry 
rating schemes and 
emerging membrane 
technology have all 
contributed to 
shifting perceptions 
of decentralised 
systems. 

 Disjointed policies at 
multiple levels of 
governance do not 
necessarily facilitate the 
process of system change, 
however enabling those 
individual policies may do 
so. 

 In managing transitions to 
sustainability users of the 
system need to be actively 
involved the process. In 
regard to the introduction of 
UD in Sweden this would 
include, famers, residents, 
and manufacturers of UD 
systems 

 Facilitating social learning 
requires more resources and 
time than conventional project 
management  

 Factors supporting TD 
collaboration include, 
opportunity for academic 
publishing, potential to be at 
the forefront of innovative 
research, exposure to cross-
disciplinary team members 

 A process of integrated 
knowledge management is 
required to take advantage of 
multiple perspectives in socio-
technical experiments 

 Social learning supports cross-
disciplinary input but requires 
appreciative processes to 
overcome defensive reasoning by 
participants and to provide the 
best outcomes 

 Organisational learning in planning 
socio-technical experiments 
requires input from a broad range 
of transdisciplinary stakeholders 
including end-users of the 
technology, managers, 
implementers and operators of the 
system in cross-disciplinary 
engagement  

 

Collaborative qualitative social 
research revealed: 
 timing research to take 

advantage of response from 
users about the system is 
needed  

 cycles of action research in 
response to user feedback 
contributed to defining the 
direction of the trial; 

 collaborative feedback 
provided reciprocity, and 
promoted social consensus  

 facilitating reflection 
contributed to participants 
articulating a tension between 
the old and new practices 
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Figure 2 Overview of conference presentations, journal publications and reports contributing to this thesis 
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CHAPTER 2 - RESEARCH DESIGN 
_____________________________________________________________________ 

 

2.1 Overview 

 
The normative intent of this research has been to facilitate transitions toward more 

sustainable systems of sanitation through practice-based inquiry. This thesis therefore 

engages with social research as both a form of observation and a form of intervention 

(Midgely 2003). This chapter briefly discusses and situates this research along the 

spectrum of legitimate approaches of interventionist research. The multiple case study 

approach used in this thesis to observe and intervene in transitions in sanitation is 

explained and the transdisciplinary framework used to evaluate quality is expanded 

upon (Wickson, Carew & Russell 2006). The case studies are then examined against 

the transdisciplinary quality criteria to evaluate the goals, preparation, methods of 

inquiry, outcomes, modes of communication and processes of reflective critique of 

each case study.  In conclusion, a summary of the methodological approach for the 

thesis is presented.   

 

2.2 Research as ‘intervention’  

 
Traditional forms of scientific research are conventionally based on ‘science as 

observation’ (Midgely 2003). Popper (1959, p. 102, cited in Midgely 2003) claims that, 

to be accepted and worthy of scientific attention, ‘[an] event must be an “observable” 

event; that is to say, basic statements must be testable, inter-subjectively, by 

“observation”’. While observation may provide a way of examining ‘what is’, scientific 

research as an intervention goes further to ask ‘what could be’, or more specifically for 

this thesis, what could a sustainable sanitation system look like in the future and how 

this might be achieved. A key distinction between observation and intervention is how 

the researcher reflexively understands their position in the field of research, 

representing a shift from ‘observer’ of social reality to agent of change.7 

 

This thesis takes the view that for a researcher to develop a richer understanding of the 

problem being investigated, they need to engage with it. As Wickson et al. note, the 

transdisciplinary researcher: 

                                                 
7 In practice the distinction between ‘observation’ and ‘intervention’ is no so clear. For example, in certain 
case studies in this thesis I have been positioned as a participant-observer which fits within the spectrum 
of observation and intervention. My key point is that this research aimed to create change through 
transdisciplinary inquiry and reflective practice (action research) (Dick 1997) and this intent required 
moving beyond ‘pure’ observational approaches to social science. 
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 develops a deeper understanding of the problem they are investigating if they 

can manage to not only fuse different theoretical and lay knowledges, but also 

engage with the problem in context directly and experience the practice first 

hand as an embedded researcher (Wickson, Carew & Russell 2006, p.1053).  

 

The following section expands on the case study approach adopted to investigate 

transitions in sanitation and the process of engaging firsthand with the problem of 

transitioning toward sustainable systems of sanitation through six relevant case 

studies. 

 

2.3 A cumulative staged approach to multiple case study research 

 
Yin argues that a case study methodology is appropriate when dealing with a research 

topic that is defined broadly rather than narrowly, when covering contextual, 

multidimensional conditions or when there is a need to rely on multiple not singular 

sources of evidence (Yin 2003a). Researching transitions in sanitation as context-

dependent, multi-dimensional phenomena is well suited to a case study approach as 

the remainder of this thesis demonstrates. 

 

To date, transition research has primarily utilised single case study research to 

investigate transition dynamics (Geels 2011). These case studies have included the 

historical analysis of sewer systems (Geels 2006b), electricity (Verbong & Geels 2007), 

waste management (Parto et al. 2005) and the emergence of Melbourne as a water 

sensitive city (Brown & Clarke 2007) to name a few. Single case studies in the field of 

transition research, such as those discussed above, have primarily focused on 

illustration and exploration rather than systemic inquiry (Geels 2011). This has been 

done by analysing the processes by which transitions have historically occurred in 

terms of the sequence, timing and conjunctures of events (Geels 2011). While a single 

case study approach is fitting to explain transition dynamics, Geels (2011, p 36) 

critically reflects that:  

transition research could probably benefit from the application of other methods 

such as comparative or nested case studies, event-sequence analysis, network 

analysis, even-history methods, and agent-based modelling. The research of 

complex phenomena such as transitions cannot be reduced to the application of 

methodological procedures and will always contain elements of creative 

interpretation. 
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The transdisciplinary interpretation of transition research in this thesis is one which 

adopts a cumulative staged approach to multiple case study research.  This approach 

deviates from conventions of multiple case study research which focus on replication of 

results. Traditionally multiple case studies are selected so that they either (a) predict 

similar results (literal replication) or (b) predict contrasting results for predictable 

reasons (theoretical replication) (Yin 2003a). In contrast the multiple case studies in 

this thesis have sought to complete a cumulative, synergistic analysis of how 

transitions in sanitation have occurred in the past, are occurring at present and how 

they might be more readily facilitated in the future. This approach is distinguished by 

the need to engage with multiple case studies across different units of analysis. The 

diversity of case study analyses in this thesis span broad temporal (e.g. historical and 

real time cases), geographic (e.g. local and international cases) and spatial (e.g. 

community and single unit cases) ranges. Each case was selected for its ability to 

provide insight into an aspect of transitions in sanitation. The benefit of using this 

unusual approach in the use of multiple case studies to study transitions is that learning 

and insights are cumulative; that is, insights from preliminary case studies inform and 

deepen the analysis within subsequent case studies. 

 

2.3.1 Multiple case study research of transitions in sanitation  

 
Each case study in this research drew on multiple sources of information and 

perspectives of the problem or situation in a process of transdisciplinary inquiry.  

 In Cycle 1, the historical analysis of transitions drew on secondary data from 

historical literature and local policy analysis to determine the factors (e.g. social, 

technological, political, environmental, economic) driving historical transitions. 

The unit of analysis in Cycle 1 was the emergence and development of city-

scale sanitation systems in Melbourne and Sydney. The primary analytical tool 

used was the Multi-level Perspective (MLP). This work drew on earlier analysis 

of transition studies of sanitation in Europe (Geels 2006b) and sought to identify 

important distinctions between the Australian and European experience (See 

Papers I and II). 

 

 Cycle 2 investigated the emergence of UD in Sweden and used the structure 

provided by transition theory to narrow the unit of analysis from a city scale 

sanitation system to the technological innovation system – urine diversion (UD) 

– and to bring the temporal focus of the investigation to the present (1990–

2010). Methods of inquiry included a literature review, local, national and 
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supranational policy analysis, on-site observation of UD pilot projects and 

interviews with a range of actors from industry, government and civil society, all 

of whom were implicated in the emergence of UD in Sweden (see Paper III). 

 

 Cycle 3 involved investigating the practical installation of UD systems in 

experiments at the local level in (1) a local community and (2) and institutional 

setting of a university trial. The unit of analysis narrowed to the local experiment 

and the temporal orientation shifted to real time analysis with a view to learning 

how to facilitate future transitions in sanitation through experimentation. Data 

collection involved semi-structured interviews, a learning evaluation workshop, 

feedback mechanisms from users of the system and notes from project 

meetings and progress reporting. As transition theory is a meta-theory, there 

was scope to consider auxiliary theories of analytical frames of reference in this 

cycle of research. These included enabling discourses of social and 

organisational learning (see Papers IV, V and VI). Table 2 provides an overview 

of these three cycles of research in relation to the methodology, methods and 

data sources used. 
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Table 2 Overview of methodology, methods and data sources used for this thesis 

Research 
cycles 

Time 
frame Analytical frame Methods of inquiry and/or  

data collection 

Cycle 1 Historical 
analysis 

Multi-level 
perspective 

(MLP) 

 
Case study 1 

Sydney’s sewer systems 
 

Literature review and analysis 
Case study 2 

Melbourne decentralised systems 
 

Literature review and analysis 
Policy analysis 

Cycle 2 Current 
analysis 

 
 

Technological 
Innovation 

System (TIS) 
 

 
Case study 3 

Swedish urine diversion systems 
 

Literature review and analysis 
Local/national/supranational policy 
analysis 
Semi-structured interviews 
On-site observation 
Personal journalling 

Cycle 3 

Real-time 
analysis 
with a 
future 

learning 
orientation 

Social learning 
Organisational 

learning, 
Transdisciplinarity 
Communities of 

Practice and 
Practice Theory 

 
Case study 4 

Yarra Valley Water (YVW) trial of 
Urine Diversion 

 
Semi-structured interviews 
Learning evaluation workshop 
Meeting notes 
Progress reporting 
Personal journaling 

 
Case study 5 

University of Technology Sydney 
(UTS) trial of Urine Diversion 

 
Surveys 
End-user feedback mechanisms 
Semi-structured interviews 
Meeting notes 
Progress reporting 
Personal journaling 
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2.4 From observer/analyst to participant/observer 

 
As the research evolved from analysing historical case studies to real time experiments 

of transitions in sanitation, so did my role as a researcher. As a researcher I gained an 

increasing degree of influence and embedded engagement as opportunities arose to 

take on more interventionist roles in industry-funded trials of UD systems in Melbourne 

and Sydney in Cycle 3 of the research (this is expanded on in the following sections). 

My role changed from one of observer/analyst in the preparatory cycles of research 

(Cycles 1 and 2) to participant/observer in the later action-oriented cycles (Cycle 3). 

These roles involved analysing the historical development of sanitation in Sydney and 

Melbourne (analyst role), observing the emergence of urine diversion (UD) in Sweden 

(observer role), participating in trialling UD in Australia (participant role), managing the 

development of a UD trial in Sydney (project management role), and contributing to 

designing UD trials (in Sydney and Melbourne) through action research (co-designer 

role) (see Figure 3). In particular, my role as a project manager in the UD trial in 

Sydney provided a perspective as an embedded researcher in which I participated as a 

core team member in the design, implementation and management of the trial (and as I 

used the UD toilets daily in my work environment I also became an end-user and 

therefore participant in the trial).  

 

Knowledge gained from preparatory cycles of research was integrated into later action-

oriented cycles. For instance, analysing the historical emergence and development of 

sanitation in Sydney and Melbourne (in Cycle 1) provided clues to the range of factors 

influencing the emergence of UD in Sweden, including policy changes, environmental 

concerns, social change and environmentalism (in Cycle 2). Consequently, the insight 

gained into the socio-technical challenges of adopting UD in Sweden contributed to 

planning and designing UD experiments in the UTS trial (in Cycle 3). My influence as a 

researcher therefore evolved as I became involved in industry-funded trials of UD 

systems in Sydney and Melbourne.  

 

Action research was the overarching approach in this thesis where action (or change) 

and research (or understanding) were pursued concurrently (McNiff & Whitehead 

2011). The iterative process of reflection, involving interaction between theory and 

practice, and reflection on my role as the researcher in this thesis, show a strong action 

research orientation. The direction of this doctoral thesis was therefore shaped as the 

acquisition of an understanding of the situation through an iterative process of action, 

observation, reflection and planning (see Figure 9).  
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Figure 3 Evolution of the research and researcher in this thesis 

 

2.5 Evaluating quality in transdisciplinary case study research 

 
In taking a transdisciplinary approach to case study research, in the distinctive use of 

multiple case studies and transdisciplinary inquiry, the question arises as to how to 

evaluate quality and validity in the process. As Wickson et al. (2006) and Leavy (2011) 

have noted, evaluation of transdisciplinary research is challenging as no peer 

community is established which means ‘critically robust ways to discuss and evaluate 

the quality of transdisciplinary research are underdeveloped and insufficient’ (Wickson, 

Carew & Russell 2006, p.1055).  

 

One approach for evaluating quality in scholarly research, as noted by Wickson et al. 

(2006) and Mitchell et al. (2009), is the framework developed by Glassick et al. (1997) 

from the Carnegie Foundation. Their generic framework was originally formulated to 

evaluate a range of scholarly activities8 (Boyer 1997) and there is a strong crossover 

between Boyer’s notion of scholarship of integration and transdisciplinary scholarly 

practice. The framework uses six criteria to evaluate scholarship. These are the extent 

to which the researcher demonstrates: (1) clear goals, (2) adequate preparation, (3) 

                                                 
8 These scholarly activities include, the scholarship of discovery, scholarship of integration, scholarship of 
teaching and scholarship of application (Boyer, 1990) 
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appropriate method, (4) significant results, (5) effective presentation and (6) reflective 

critique (Glassick, Huber & Maeroff 1997; Wickson, Carew & Russell 2006). 

Interpreting the Carnegie Foundation framework specifically for evaluating 

transdisciplinary research, Wickson et al. (2006) have refined and reinterpreted the six 

criteria. This reinterpretation takes into consideration the nature of transdisciplinary 

research as being problem focused, characterised by an evolving methodology and 

being collaborative in nature (Wickson et al., 2006). The redefined framework for 

evaluating transdisciplinary research shifts the focus of the Carnegie Foundation 

framework from: 

 

1. Clear goals to responsive goals – in transdisciplinary research, the scholar 

defines goals through ongoing consultation with the problem context and 

stakeholders. Goals may therefore not be clear from the outset and may shift in 

response to developments over the course of the project. 

 

2. Adequate preparation to broad preparation – in transdisciplinary research, 

‘adequate preparation’ would require accessing and integrating literature and 

theory across a broad range of disciplines, as well as engaging with the 

problem in its broader context. 

 

3. Appropriate methodology to an evolving methodology – an ‘appropriate method’ 

for transdisciplinary research is ideally epistemologically integrative and 

capable of evolving in response to a changing research context. 

 

4. Significant results to significant outcome – the outcome of transdisciplinary 

research should contribute to the solution of a manifest problem in a way that is 

capable of satisfying multiple agendas, for example, being concurrently socially 

robust, environmentally sustainable and economically viable. 

 

5. Effective presentation to effective communication – in support of collaborative 

processes, transdisciplinary research should initiate and maintain a two-way 

communication with stakeholders over the life of the project. 

 

6. Reflective critique to communal reflection – in addition to personal reflection, 

transdisciplinary research should include a more communal reflective process – 
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multiple disciplinary and stakeholder perspectives informing and transforming 

each other throughout the life of the project. 

  

In evaluating the multiple case study approach adopted in this thesis the 

transdisciplinary quality criteria have been useful in capturing the evolution of the 

research and providing a flexible yet sufficiently structured framework to determine 

validity, rigour and quality. The next section evaluates each case study in relation to the 

transdisciplinary quality criteria discussed above. It considers research goals, the 

degree and scope of preparation, the nature of methodological choices made, the 

significance of outcomes, and the degrees of communication and critical reflection 

(both communal and personal) that are characteristic of self-referential transdisciplinary 

research. See Table 4 Evaluation of the multiple case study research approach through 

the use of transdisciplinary quality criteria.9  

 

2.6 CYCLE 1 – Reflecting on the historical development of sanitation 

 
Cycle 1 was a preparatory cycle of research which analysed the factors influencing and 

hindering the historical transition to alternative systems of sanitation. This involved 

investigating two case studies: (1) the historical analysis of sewer systems in Sydney 

and (2) the emergence and changing perceptions toward decentralised systems in 

Melbourne. Both are discussed below. 

2.6.1 A historical analysis of Sydney’s sewer systems  
 
This case study involved examining the historical development of Sydney’s centralised 

sanitation system, in particular the transition from the use of cesspools to sewers 

systems. The overarching goal was to determine the range of factors influencing the 

emergence and development of sewered systems in Sydney and in the process to 

analyse a local (Australian) example of a transition in sanitation. As a historical case 

study this example helped me become familiar with the sequence of events and the 

multiple factors and actors involved in the transition to sewered systems of sanitation 

(see Paper I).  

 
                                                 
9 While the transdisciplinary quality criteria have been most useful in evaluating the action-oriented 
cycles of research (in Cycle 3), preparatory cycles of research  (in Cycles 1 and 2) by their very nature of 
being descriptive of historical phenomena in preparation for action research, are more suited to the 
Carnegie Foundation’s framework of scholarship quality. The evaluation of case studies in the following 
section will therefore use both frameworks, the Carnegie Foundation framework for case studies in 
preparatory cycles and the transdisciplinary quality criteria for case studies in action-oriented cycles to 
determine validity and rigour in case studies evaluated. 
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The preparation for this case study was broad, with secondary data sources drawn 

from transdisciplinary perspectives. Historical literature spanned socio-cultural, 

economic, political and urban studies which provided an integrated view of the 

emergence and development of sewered systems in Sydney. The goal of this case 

study could be described as one of orientating the broader research of this thesis by 

gaining insight into the historical development of the sanitation sector and how 

significant changes, such as the transition from cesspools to sewer systems, occurred. 

 

The multi-level perspective (MLP) was used as a framework to make sense of the 

historical data and illuminate the range of factors and actors involved in the transition to 

sewered systems in Sydney (discussed in further detail in Papers I and II). Using the 

MLP to analyse the historical development of sewer systems in Sydney revealed a 

range of intertwined factors, both local and global, influencing the transition in 

sanitation in Sydney.  

 

The outcomes of the research indicate that facilitating transitions toward sustainable 

sanitation systems requires sanitation to be viewed as a complex, multi-faceted 

problem. In communicating the findings of this case study to a design audience10, the 

most significant outcome was the suggestion that design would benefit from redefining 

itself and moving beyond its traditional focus on technical efficiency and finite solutions 

to focus on complex problems by adopting transdisciplinary perspectives of 

sustainability problems.  

 

The communication and presentation of research and reflection upon findings were 

closely intertwined in this research cycle. For example, the concept for this paper was 

first presented internally within my university at the UTS Post Graduate Conference in 

200911 where feedback gained from the review process led to the research being 

refined and presented at the international design conference ‘Changing the Change’.12 

As a consequence of my presentation at ‘Changing the Change’ I was invited to write a 
                                                 
10 This case study was published in Design Philosophy Papers and was therefore written specifically for a 
design audience. See Paper I -  Fam, D.M., Mellick-Lopes, A., Willetts, J.R. & Mitchell, C.A. 2009, 'The 
challenge of system change: an historical analysis of Sydney's sewer systems', Design Philosophy Papers, 
vol. 3/2009  
11 Fam, D.M., Mitchell, C.A. & Willetts, J.R. 2008, 'The co-evolution of technology and society: a 
retrospective analysis of the development of Sydney's sewer system', Postgraduate Research Students 
Conference, UTS, Sydney, October 2008 in 10th Annual Postgraduate Research Students Conference, 
University Graduate School, University of Technology Sydney.  
 
12 ‘Changing the change’, 2009, was an international conference on the role and potential of design 
research in the transition towards sustainability,  
see: http://emma.polimi.it/emma/showEvent.do?idEvent=23 
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journal paper and this provided the opportunity for further reflection through writing and 

the critical review process.  

 

2.6.2 Emergence of decentralised systems in Melbourne 
  
This case study involved investigating factors influencing the emergence of, and 

changing perceptions toward, decentralised systems in Melbourne. The emergence of 

decentralised systems of sanitation represents a significant paradigm shift away from 

the convention of centralised sanitation. The goal of this research was to determine 

how decentralised systems have emerged in Melbourne over the last two decades as a 

viable system of sanitation service provision by revealing the range of factors 

contributing to changing attitudes towards decentralised systems. 

 

This case study drew on literature spanning socio-cultural, economic, environmental, 

technical, policy and economic studies in conjunction with an analysis of Melbourne’s 

2009 Metropolitan Sewerage Strategy (MSS). The MSS provided a tangible example of 

changing perceptions toward decentralised systems with the planning process for 

Melbourne’s fifty-year sewerage strategy revealing decentralised systems as a 

preferred option. The MLP was used as an appropriate methodological framework to 

investigate the range of interconnected factors, actors and levels of influence on the 

emergence of decentralised systems in Melbourne. Secondary data was sought 

through policy analysis and a literature review. 

 

Two key results emerged through the analysis of the case study: (1) identification of 

transitions dynamics (the relationship between landscape, regime and niche levels of 

influence) in the emergence of decentralised systems in Melbourne and (2) the 

realisation that the MLP could potentially be used as a tool for envisioning future 

scenarios of sustainable systems of service provision in the water industry. The two 

key results from this case study were presented at the first transition management 

conference in Amsterdam in 2009 as a way of sharing results with a like-minded 

community of researchers and to gain feedback from leading academics in the field of 

transition research. After gaining academic critique, the paper was then submitted (and 

accepted) to the International Journal of Water as a way of seeking further reflective 

critique on the case study from international scholars researching water related issues.  
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2.7 CYCLE 2: Exploring leading edge practice – UD in Sweden 

 
While Cycle 1 provided a broad contextual analysis of the historical development and 

emergence of sanitation systems in Sydney and Melbourne, Cycle 2 of this research 

narrowed the focus of inquiry to explore leading edge practice in wastewater 

management by investigating the emergence of urine diversion (UD) in Sweden.  

 

UD is of particular interest to me as a researcher of transitions in sanitation (and as a 

designer of alternative sanitation systems) due to the sustainability potential of the 

system as a low impact nutrient recovery system and the increasing interest in UD by 

local and international research institutes and water authorities. The emergence of UD 

systems in Sweden provided a case study of leading edge practice in wastewater 

management and a current and relevant example of the influence of environmental 

policy on the uptake of UD. 

 

2.7.1 Sustainable innovation in wastewater management 

 
The overarching goal of this case study was to explore the factors both supporting and 

hindering the emergence of UD in Sweden over the last two decades with a view to 

translating those factors from Sweden to Australia. Preparation for this case study 

involved networking with international experts trialling and researching UD systems in 

Germany, Switzerland and Sweden. This involved a field trip to meet researchers and 

practitioners from the German Agency for Technical Cooperation (GIZ) and the Swiss 

Federal Institute for Aquatic Sciences and Technology (EAWAG) who were involved in 

trialling UD within their organisations. The field trip provided insight into the 

development potential of UD systems from the perspective of those working in the field.  

 

This case study analysed the emergence of UD as a technical innovation system (TIS) 

in Sweden. A TIS is defined as a socio-technical system focused on the development, 

diffusion and use of a particular technology (Bergek et al. 2008). The components of a 

TIS include not only the technology itself but also the actors, networks and institutions 

contributing to the overall function and diffusion of the system (Bergek et al. 2008; 

Edquist 1997, 2004).  

 

The methods used to analyse UD as a TIS included a historical literature review, 

interviews with keys actors working the field (discussed further below), policy analysis 
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and on-site observation of UD projects. Literature was reviewed in the areas of 

innovation studies, wastewater management, and urine diversion and historical 

material dealing with the social and political changes in Sweden during the period of 

study (1990–2010).  

 

Data was drawn from both primary and secondary sources. Secondary data included 

the use of grey literature, websites, reports and peer reviewed publications with primary 

data drawn from interviews with key Swedish stakeholders involved in trialling UD. 

Semi-structured interviews were conducted with 13 Swedish stakeholders, including 

UD manufacturers, representatives from Swedish councils trialling and mandating UD 

for new buildings, research consultants and end-users of technology, to reveal how UD 

was functioning as a TIS. The semi-structured interviews were between 45 and 60 

minutes in duration and were conducted face-to-face where possible, or otherwise by 

phone.  

 

Bergek et al’s (2008) TIS framework was used to analyse the dynamics of the TIS by 

examining seven distinguishable functions to determine the relative strength and/or 

weakness of UD as an emerging technological innovation. This structured framework 

provided insights into the selection of appropriate stakeholders for this research and 

the development of interview questions. The interview questions related to the 

‘function’ of UD systems in relation to how the following factors potentially influenced 

the diffusion of UD: (1) knowledge development, (2) incentives or pressures for 

diffusion of the technology, (3) entrepreneurial experimentation, (4) market formation, 

(5) legitimation (social acceptance and compliance with relevant institutions), (6) 

resource mobilization and (7) the development of positive external influences (e.g. 

economic growth in the sector of the TIS) (see Appendix A for interview questions for 

Swedish stakeholders).  

 

To safeguard interviewees from being misrepresented in the research, interviewees 

were sent their transcripts for feedback which also provided them with an opportunity to 

add extra commentary if required. In addition interviewees were forwarded the final 

journal publication of the research to ensure they were anonymous in the research and 

no identifying characteristics were associated with them. In this way the research met 

the requirements of the UTS Human Research Ethics Committee (HREC) approval 

process. 
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To gain further insights into the emergence of UD over the last two decades, a broad 

policy analysis was conducted to explore the political context in which UD was 

supported and funded as an innovative nutrient recovery and reuse system in Sweden. 

An analysis of policy at the local, national and supranational levels across areas of 

nutrient removal and recovery from wastewater, environmental protection and building 

and infrastructure renewal was conducted (Detailed in Paper III).  

 

What the analysis revealed was that disjointed environmental policies at multiple levels 

of governance did not necessarily facilitate the process of system change, or the 

uptake of UD systems in practice in Sweden, however enabling and innovative those   

individual policies were. What was identified was that there was a lack of engagement 

with the local level of implementation, for example in the engagement with users of UD 

systems, which is critical for innovative policies to influence the sustainable uptake of 

UD in practice. Dismantled UD projects (e.g. UD systems installed at Universium 

Science Museum in Gothenburg) revealed the centrality of the user when trialling 

innovation which requires adopting new practices. Learning about the importance of 

end-users in the innovation process became an important focus in Cycle 3 of research. 

 

Initial findings of the research were shared with colleagues from Chalmers University of 

Technology in Sweden who were involved in researching UD over the last two 

decades. With feedback from Swedish colleagues, outcomes from the research were 

then presented at two different conferences for peer review, including (1) the 

Australasia Pacific Science Technology and Society (APSTS) conference in 200913 and 

(2) the International Water Association (IWA) conference, ‘Cities of the Future’ in 

2010.14 The feedback from participants from both these conferences was integrated 

into the final revision of the research and published in the journal Local Environment15 

where academic peer review provided another layer of critique of the research. 

 

 

 

                                                 
13 Fam, D., Mitchell, C. & Abeysuriya, K. 2009. From removal to recovery: Critical stakeholder involvement 
in implementing pilot projects of urine diversion systems in Sweden. The first annual Asia-Pacific Science 
Technology and Society Conference - Our Land, Our Waters, Our People. Griffith University, Brisbane, 
Australia. 
14 Fam, D., Mitchell, C. & Abeysuria, K. 2010. Institutional challenges to system innovation: The case of 
urine diversion in Sweden. Cities of the Future 2010 (COTF2010). Marriott Hotel, Boston, USA: 
International Water Association. 
15 Fam, D. & Mitchell, C. 2013. Sustainable innovation in wastewater management: Lessons for nutrient 
recovery and reuse. Local Environment. 
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2.8 CYCLE 3 – Trialling UD for learning (planning, action and reflection) 

 
Cycle 3 of this research involved learning about the challenges and opportunities of 

trialling UD systems in practice through action research. The two practice-based case 

studies for this cycle of research emerged from my involvement in industry-funded trials 

of UD systems in Victoria (YVW trial) and Sydney (UTS trial).  

 

In delineating my roles and responsibilities as a doctoral student from those as a 

research consultant, it is necessary to note that only certain portions of the two industry 

projects were incorporated into my doctoral research. The focus on human-centred 

approaches to transitions in sanitation in this thesis narrowed my field of inquiry in the 

industry-funded projects to: (1) the end-user of UD systems and (2) the members of the 

project team involved in designing, planning and managing UD systems in both trials. 

 

The Yarra Valley Water (YVW) trial of UD systems was organised and managed by the 

water utility YVW and involved 40 households in the Kinglake West community 

installing UD systems. The Institute for Sustainable Futures (ISF) was commissioned 

by YVW to conduct social research with household residents trialling UD systems. 

Throughout the process an evolving methodology led to broadening the scope of 

research to include social research with YVW staff to gain a broader perspective of the 

challenges of managing the UD project. My role as a research consultant on this 

project was to contribute to developing the social research design, taking the lead on 

drafting and refining interview questions, conducting interviews, contributing to 

workshop design and facilitation, analysing data, and drafting progress and project 

reports and visuals. The component of the project investigated for this doctoral 

research was the process of organisational learning undertaken by the YVW project 

team in trialling UD (to avoid repetition, specific details of the methodology for 

investigating organisational learning are found in the following section). 

 

The UTS trial of UD systems was funded by the University of Technology, Sydney 

(UTS) with additional financial and in-kind contributions from industry and government 

partners. This project involved trialling six UD toilets and waterless urinals within the 

institutional setting of the university. The transdisciplinary research project aimed to 

learn about the viability of UD across multiple aspects of the system including the 

technical, social and regulatory issues involved. My role in this project was as a 

member of the core facilitating team (which included my supervisors) and project 

manager of the trial. The two perspectives of this trial incorporated into my doctoral 
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research included investigating (1) the process of learning by the project management 

team trialling UD and (2) the process of adopting new practices by end-users of the UD 

toilets. 

 

These two industry-funded projects ran in parallel to my doctoral research and while I 

worked on both of these trials with my supervisors as a project team member, there 

was a clear understanding that interviews and data analysis in both the YVW and UTS 

trials were to be conducted independently by me to a depth and degree of rigour 

appropriate for a doctoral thesis (as opposed to the degree of analysis that is possible 

and adequate for short-term industry-funded research).  

 

The following section presents the methodology adopted for the YVW and UTS case 

studies. It also demonstrates the fulfilment of quality requirements in each case study, 

based on the transdisciplinary quality criteria16 discussed earlier in this chapter.  

 

2.8.1 YVW trial of UD systems  
 

Methodology – YVW trial 

Initially YVW commissioned qualitative social research to capture the challenges and 

opportunities for household residents in the Kinglake West community in adopting a 

new system of sanitation. The Institute for Sustainable Futures (ISF) was 

commissioned to conduct the social research. As feedback from residents emerged 

from the interview process, it became apparent that there were organisational 

challenges for YVW in managing the UD trial. Interviews with household residents were 

analysed from two perspectives – they were analysed in regard to the experiences of 

householders in and of themselves and the insights into project management of the 

trial more broadly. The first perspective was important to understand the arising issues 

residents had in using the UD systems and the second perspective is important for the 

insights the interviews provided YVW in the process of organisational learning in regard 

to management of socio-technical experiments. The analysis and outcomes of the 

interviews were shared with the YVW project team throughout the YVW trial to provide 

insight into the challenges for residents in adapting to the UD system (see Appendix C 

for analysis of interviews with Kinglake West residents). 

 

                                                 
16 To reiterate – the transdisciplinary quality criteria evaluate each case study in regard to responsive 
goals, broad preparation, evolving methodology, significant outcomes, effective communication and critical 
reflection (both communal and individual). 
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In discussing the outcomes of the research with YVW staff we, as research consultants 

on the project, suggested negotiating the methodology to not only conduct social 

research with residents involved in using UD systems, but also to conduct social 

research with the project management team involved in implementing and managing 

the trial. As a consequence of this evolving methodology there were two distinct 

components of the research: (1) capturing community perceptions of using UD systems 

by end-users and (2) capturing and articulating organisational learning by YVW 

involving YVW staff. The following two methods of inquiry were therefore involved: (1) 

interviews with household residents and engagement through a community information 

session and (2) interviews and a learning evaluation workshop with YVW staff. My role 

in this two-stage process was in designing, conducting and analysing interviews as well 

as assisting in the design, delivery, and analysis of the workshop. The main purpose of 

my involvement in the YVW trial in relation to this thesis was in observing and 

analysing the workshop (beyond the client’s requirements) in order to answer research 

questions on how the co-creation and integration of different knowledge perspectives 

could be supported in the design of socio-technical experiments. This two-stage 

research process in the YVW trial is discussed below:  

 

1. Interviews with household residents17 

Of the 40 households installing UD systems in the Kinglake West community, a total of 

24 residents responded to the call by YVW to be involved in the research project. Face-

to-face semi-structured interviews were conducted with these residents prior to the 

installation of UD systems to establish baseline social data. First-round interviews were 

approximately 45-60 minutes in duration and aimed to uncover residents’ motivations 

for participating in the trial, determine their existing knowledge, practices and 

expectations prior to installation, and support the residents who were trialling unfamiliar 

technological systems. 

 

                                                 
17 It is important to note that the participants included in this research project were not ‘average’ 
household residents. During their involvement in the trial of UD systems, household residents were 
rebuilding their homes after one of the worst bushfires in Australia’s history. One hundred and seventy-five 
residential homes in the study area were destroyed with seventy-five human fatalities. The social fabric of 
the community changed dramatically as residents dealt with the loss of family and friends while facing the 
dilemma of whether to rebuild their homes, sell their land, and/or leave the community. Yarra Valley Water 
(YVW) postponed the commencement of the trial indefinitely after the fires until increasing interest by 
residents led to the resumption of the trial at the end of 2009. Approximately 40 households took up the 
offer of financially supported systems in rebuilding their homes with the majority of these households 
participating in the social research component of the trial. The experience of the fires changed the trial in 
many crucial ways which are discussed further in Paper IV. 
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Interview questions were first pre-piloted with nine residents to gain insight and 

feedback on whether the questions asked were appropriate for the residents involved 

and met the research needs (See Appendix C for pre-installation interviews). A further 

15 interviews were conducted with adjusted pre-installation questions (giving a total of 

24 pre-installation interviews).  

 

Approximately three months after UD systems were installed, residents were contacted 

by telephone (as requested in the pre-installation interviews) to be involved in post-

installation interviews. Fourteen residents were responsive and agreed to be involved 

in semi-structured phone interviews lasting 15–30 minutes. The aim of post-installation 

interviews was to explore individual experiences, perceptions, preferences and 

unexpected issues arising in using UD systems. To ensure integrity of the research 

process and compliance with the Human Research Ethics Committee (HREC) 

requirements, informed consent was gained and anonymity of individuals maintained in 

providing the results to YVW and in publishing the research. 

 
Interview transcripts were manually analysed to draw out issues that impacted the 

successful adoption of UD systems by residents. These included both social and 

technical issues. Recurring themes (which were defined as occurring when there were 

three or more references to the same issue) were manually (without the use of 

qualitative research software such as NVivo) drawn out from interview transcripts and 

collated. Outcomes of the research identified the following as key issues of concern for 

residents and recurring themes in the data: the technical functionality of the system, 

changing social practices and communication between YVW and contracted 

tradesmen. 

 

Research findings were communicated to both YVW staff and residents as a means of 

communal reflection on the project. YVW staff were informed of issues of significant 

concern for residents as they arose in regular progress reporting and meetings. This 

provided the opportunity for YVW staff to act on research findings in a process of action 

research. In addition, research findings were shared with residents of the Kinglake 

West community in an evening information session. Research findings were 

categorised under key themes such as odour issues and pride in the system and they 

were printed on wall posters (which were anonymous) for members of the community 

to access. This approach of sharing research findings provided the opportunity for 
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residents to see both positive and negative feedback from others involved in the trial 

and position their own experiences in relation to those of their neighbours.18 

 

Feedback from residents through pre- and post-installation interviews revealed 

organisational challenges in managing the UD trial. An evolving methodology was 

therefore negotiated to explore the organisational factors impacting the trials’ success 

and they are discussed in the following section. 

 

2. Interviews and learning evaluation workshop with YVW staff 

A two-stage process was adopted in learning about (observation) and acting on 

(intervention) findings in the YVW trial. The first stage involved conducting interviews 

with 11 key project team members. These included nine staff members involved in 

managing the YVW trial across the departments of Community Engagement, Research 

and Innovation, and Asset Management, one contracted tradesman involved in 

installing the UD systems, and myself as the research consultant on the project. 

Interview questions were aimed at drawing out stories of learning and were conducted 

by an experienced independent social researcher19 who was external to the YVW trial 

(see Appendix C for interview questions). Semi-structured interviews were 45–60 

minutes in duration and were conducted at the YVW offices. 

 

Transcripts were manually analysed by me using NVivo qualitative research software 

to elicit 73 key issues or themes in relation to the key research question: ‘What has 

been learnt about implementing innovative sustainable water services in the Kinglake 

West project?’ (see Appendix C). A subset of the most important themes was identified 

and themes were judged to be relevant if they were raised by five or more 

interviewees, or if they were particularly relevant to the research question. The 

selection of themes was reviewed and summarised under three broad categories which 

became the focal point of the second stage of the research – a learning evaluation 

workshop. The three categories were: 

 

1. Customer engagement – issues associated with the engagement of 

customers throughout the trial  

                                                 
18 The evening information session for the Kinglake West residents also included commentary from end-
users of the UTS trial which replicated many of the same results in regard to technical and social issues 
associated with trialling UD. 
19 An independent researcher (Dr Keren Winterford), external to both the project team and research 
consultants, conducted YVW staff interviews.  
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2.  Project design and management – issues associated with the design of the 

project and ongoing management of YVW staff and contractors  

3. Project implementation – issues associated with the installation and 

implementation of systems on-site and engagement with contactors, builders 

and homeowners.  

 

The themes in each of the three categories emerging from the interviews were collated 

and sent to participants in preparation for a learning evaluation workshop. The 

workshop aimed to provide the space to collaboratively reflect on outcomes from the 

YVW trial in a supportive environment and, in the process, to develop industry-relevant 

recommendations for implementing similar projects in the future (see Paper IV for 

further details). 

 

The workshop created the opportunity to openly discuss the outcomes of the interviews 

with YVW staff, to identify the most significant issues of concern for the project team, 

and to develop plans for how to address them. The outcome from the workshop was 

the collaborative development of industry-relevant recommendations to guide the 

implementation of future socio-technical experiments within YVW and the Australian 

water industry more broadly. These included recommendations for improved customer 

engagement, internal communications within YVW and strategies to manage 

contracted tradespeople. 

 

Response to transdisciplinary quality criteria in the YVW trial (Project team) 

In analysing the YVW case study against the transdisciplinary quality criteria, the 

following section will reflect on how this research has developed a responsive goal, 

broad preparation, an evolving methodology, significant outcomes, effective 

communication and communal reflection. 

 

The overarching goal of the YVW case study in this research was to determine the 

factors supporting learning within the organisation and the cross-disciplinary project 

team managing the UD trial.20 This case study focused on analysing the process of 

organisational learning and change within YVW in trialling UD and this focus evolved 

throughout the trial. While YVW had initially commissioned social research to 

determine the challenges for residents in using UD systems, feedback from residents 

                                                 
20 While my research aimed to determine how learning occurred within an organisation trialling UD, the 
project commissioned by YVW set out to explicitly determine end-users’ experiences of using and 
managing UD systems 
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and emerging challenges for YVW in managing the trial led to an evolving methodology 

engaging YVW staff and tradespeople on their perspectives on the YVW trial. The goal 

in this case study was therefore responsive to the context under investigation and 

broadened from social research with residents using UD systems to include YVW staff 

and tradespeople managing the YVW trial.  

 

Preparation for this case study involved gaining insight into how learning occurred in 

the management of the YVW trial from multiple perspectives. Interviews with residents 

using the systems and the project team, and a contracted tradesperson (and research 

consultant) involved in managing and implementing the trial were conducted. These 

multiple perspectives of the YVW trial provided a broad range of insights into the 

challenges of managing the YVW trial. These preliminary interviews were preparation 

for the learning evaluation workshop in which learning experiences elicited from 

interviews were translated into recommendations for managing future trials. 

 

The most significant outcomes to emerge from this case study were the identification 

and implementation of new organisational practices within YVW for trialling innovation 

in future experiments. These outcomes were communicated to the Australian water 

industry in their annual water industry conference, ‘OzWater12’21 before being 

submitted to the International Water Association journal Water Policy for further critique 

and feedback.  

 

Outcomes from the research were further communicated within YVW at two 

organisational levels: the YVW’s executive board members in a formal end of project 

presentation, and the YVW staff members across departments of the organisation in an 

open invitation lunch-time presentation. Communal reflection on the outcomes of the 

research most notably occurred during the learning evaluation workshop in which YVW 

staff were facilitated in a process of reflection on the YVW trial for the purpose of 

translating learning experiences into new organisational practices for managing future 

experiments. 

  

2.8.2 UTS trial of UD systems  

 
Methodology – UTS trial (project team) 

                                                 
21 Fam, D., Mitchell, C. & Abeysuriya, K. 2012. Social learning is essential for transitioning to sustainable 
water services. OzWater12, Australian Water Association conference. Sydney: Australian Water 
Association. 
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The second case study in this cycle of research (Cycle 3) involved trialling UD systems 

in the institutional setting of the UTS campus. The UTS trial was a two-year action 

research project funded by a UTS Challenge Grant for fostering cross-disciplinary 

research with in-kind and financial contributions from industry, government and 

academic collaborators. In retrofitting UD toilets and urinals in toilet blocks on campus 

to enable urine capture and reuse, the aim of the research project was to learn about 

the various interdependent factors (e.g. technological, social and regulatory factors) 

determining successful uptake of UD systems.  

 

My role in the UTS trial as a project manager allowed me to investigate the human 

dimensions associated with trialling UD and my role as a participant-observer and was 

enabled through my responsibilities in both managing the trial, and as an end-user of 

the UD toilets. My role as a researcher for this thesis focused on learning about the 

human dimensions associated with trialling UD in the UTS trial. This required targeting 

two groups of stakeholders: (1) the transdisciplinary project management team and (2) 

end-users of the UD systems.  

 

1. The transdisciplinary project team 

Multiple data sources were analysed to identify the factors influencing active 

participation of project team members in the UTS trial. The combination of participant 

observation, semi-structured interviews, and document analysis provided a way of 

triangulating data. As recommended by Stake (2005), triangulation provides a richer, 

more credible account of the trial and was used to reaffirm findings and ensure 

interpretation of data was less likely to reflect this researcher’s biases toward preferred 

outcomes. Data sources included:  

1. Records of project management processes such as meeting minutes with 

structured engagement outcomes (a visioning exercise, collaborative 

development of research questions, and final wrap-up exercises in the project), 

and correspondence between team members over the two-year lifespan of the 

project.  

 

2. Open-ended semi-structured interviews were conducted by myself with 10 key 

participants (I was interviewed by a core member of the community of 

practice).22 Interview questions explored what participants felt they had learned 

                                                 
22 Ethics approval for this research was sought from the UTS Human Research Ethics Committee (HREC) 
for conducting research with members of the community. This was attained with assurance that the 
research would ‘do no harm’ and that identities of participants remain anonymous in published research. 
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through their involvement in the project, their perceived process of learning and 

factors that hindered and enabled participation and engagement with others 

involved in trialling UD. Interviews were conducted during the final stages of the 

project and were between 30 and 60 minutes in duration (see Appendix B for 

interview questions for UTS project team members). 

 

3. Direct observation of participants throughout the project provided a way of 

gaining familiarity with participants, their practices, and discrepancies between 

what participants said about participation in transdisciplinary research and what 

actually occurred in practice. 

 

Interview data was manually analysed using NVivo qualitative research software to 

draw out emerging themes aligned to theories of Communities of Practice (CoP). 

Transcribed interviews were coded on the basis of terms used by participants related to 

the focus of participation, social interaction and learning. Patterns and variance were 

identified across multiple transcripts to identify initial concepts associated with theories 

of CoP and concepts of social learning.  

 

Recurring themes emerging from the data provided a mode of analysis to explain 

barriers and opportunities for social learning. This approach was used to establish 

evidence for how and why members participated in the project, the factors influencing 

active (as opposed to non-active) participation and perceptions of the most significant 

learning experience for individuals trialling innovation in a transdisciplinary research 

team. 

 

Responses to transdisciplinary quality criteria in the UTS case study (project team) 

The goal of this case study was to explore how to support social learning amongst a 

diverse range of actors involved in managing a trial of UD systems. This goal evolved 

throughout the trial as it became apparent that project team members were involved in 

interacting, collaborating and participating in the UTS trial to various degrees (in some 

instances ‘non-participation’). Exploring how to support active participation and social 

learning amongst transdisciplinary team members therefore emerged in response to 

the difficulties of managing engagement and interaction between project team 

members in the UTS trial  
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Preparation for this case study was broad and involved: documenting two years of 

project meetings; participating as a project manager and a participant-observer in the 

UTS trial; and conducting interviews with project team members to determine what they 

felt they learned through their involvement in the UTS trial, how learning occurred for 

individual members, and the barriers and opportunities for social learning in particular. 

The evolving methodology as discussed above was developed in response to the 

challenges faced in managing a transdisciplinary team. Challenges included 

identification of degrees of participation including non-participation (see Paper V). 

 

The most significant outcome from this research was the development of key principles 

to support the design of socio-technical experiments for learning. This resulted in the 

development of practical guidelines for project managers implementing 

transdisciplinary collaboration in socio-technical experiments (See Paper V and 

Chapter 4).23 

 

The research was communicated to the academic community in the second transition 

management conference in Sweden in 201124 and to the International Society of 

Systems Scientists in the UK in 201125 to gain feedback from academics working 

across these respective fields. Academic feedback was incorporated into the final 

version of this research, developed into a journal paper and submitted to the Journal of 

Cleaner Production (in-press).26 

 

                                                 
23 One of the outcomes of facilitating the development of a community of practice in the UTS trial was the 
development of voluntary guidelines for installing UD systems in multi-storey buildings in Australia. 
Through peer networking, two key relationships were fostered in the project, contributing to the 
development of the design guidelines including developing relationships with (1) Lend Lease property 
developers and (2) the UTS project management team. Sharing research findings from the UTS project led 
Lend Lease to incorporate UD systems into their development proposal for the high profile, harbour front 
property at ‘Barangaroo on Sydney’s foreshore. In addition, UTS’s new Information Technology and 
Engineering Building under construction (due for completion in 2014) has incorporated UD pipe work into 
the design proposal. This was a result of facilitating cross-disciplinary discussion between property 
developers, the water authority and construction engineers about the value of UD in new building 
development which became an exemplary case of facilitating learning in practice. 
24 Fam, D.M., Mitchell, C.A. & Abeysuriya, K.R. 2011, 'Learning to facilitate learning', 2nd International 
Conference on Sustainability Transitions - Diversity, plurality and change: breaking new grounds in 
sustainability transition research, Lund University, Lund, Sweden, June 2011 in 2nd International 
Conference on Sustainability Transitions, ed. Smith, A. and Grin, J., Lund University, Lund University. 
25 Fam, D.M., Mitchell, C.A., Abeysuriya, K.R. & Lopes, A. 2011, 'Facilitating social learning in 
transdisciplinary collaboration: a socio-technical experiment in implementing sustainable sanitation', All 
together now - working across disciplines: People, principles and practice, Hull, UK, July 2011 in 55th 
Meeting of the International Society for the Systems Sciences, ed. Wilby, J. and Klein, L., International 
Society of Systems Scientists, Conference proceedings. 
26 Fam, D., Abeysuriya, K., Mitchell, C., Lopes, A. & Smith, T. in press, 'Facilitating sustainable innovation 
by designing socio-technical experiments as social learning systems ', Journal of Cleaner Production. 
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Personal reflection on this research was achieved by keeping a project journal 

documenting and reflecting on the challenges and opportunities of managing a 

transdisciplinary team over the timeframe of the UTS trial (see Appendix B: Reflective 

journal on managing a transdisciplinary project team).  Communal reflection occurred 

predominantly through project team meetings where the team reflected on the UTS trial 

at key milestones in the project, for example at the end of each action research cycle. 

 

2. The end-users of UD systems 

 

Methodology – UTS trial (end-users) 

From a methodological perspective it was considered important to capture end-user 

perceptions of the UD system throughout the UTS trial and doing so involved a 

combination of qualitative and quantitative social research tools. Anonymous surveys 

provided quantitative data and a qualitative feedback tool (the ‘graffiti board’) provided 

richer insight into users’ perceptions of the UD systems. Surveys were the initial social 

research tool developed to capture end-users’ perceptions of the trial, due to the 

unobtrusive nature of anonymous surveys. Two surveys were conducted, a pre-

installation survey which determined expectations and apprehensions about using UD 

toilets, and a second a post-installation survey which explored user preferences of the 

two UD models installed. 

 

In addition to the quantitative data produced from surveys, weekly comments were 

sought through a qualitative feedback tool, the ‘graffiti boards’, which was installed in 

the washroom of the male and female toilet blocks where users could anonymously 

contribute their thoughts, any issues arising from the use of the systems and questions 

about the system as a whole. The graffiti board (created by one of the design students 

collaborating in the UTS trial) was a way of anonymously capturing qualitative feedback 

from users of the UD systems27 and evolved as the primary data source in capturing 

users’ perspectives of the UD toilets throughout the trial period. These two types of 

data captured different aspects of emerging practices. Surveys captured end-users’ 

perceptions of the trial, and comparisons of the two toilets models. The graffiti board 

identified ongoing issues and commentary on using the system in a process of 

anonymous conversation with others. 

 

                                                 
27 It is important to note that some users may have been identified if they were seen writing on the graffiti 
board or if their hand writing was recognised. 
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In analysing the data from the graffiti board NVivo qualitative research software was 

used to draw out emerging themes aligned to the challenges and opportunities of 

supporting the emergence of new practices. Transcripts of the comments were 

manually coded on the basis of references by participants to toileting practices, 

drawing on the constituent elements of practices elaborated by Pantzar and Shove 

(2010). That is, they dealt with how the user integrated materials (e.g. the toilet 

pedestal, toilet paper, water and flushing mechanism), skills (e.g. how to sit on the toilet 

to separate urine and faeces, how to place the paper in the back bowl) and/or images 

(e.g. expectations of freshness, odourlessness, cleanliness, removal efficiency and 

sewage-free interaction with the toilet) in using the UD system.  

 

Response to transdisciplinary quality criteria in the UTS case study (end-users) 

The overarching goal of this case study was to determine how end-users might be 

supported in the trial of UD systems that required changes to practice in using the 

system. This goal of the UTS trial was a response to preliminary research conducted in 

Sweden (Cycle 2) on the emergence of UD systems. This research found particular 

Swedish trials that failed to engage end-users in the introduction of UD systems 

struggled to increase acceptance of the system and in some circumstances contributed 

to their failure (see Paper III). 

 

The preparation for this case study was broad and adopted a range of social research 

tools including surveys, qualitative feedback tools and in-cubicle questionnaires to gain 

feedback from end-users on their experiences and challenges in using UD systems. 

The methodology evolved in response to end-users’ feedback in the UTS trial (see 

Chapters 3 and 5). The most significant outcome of this case study was the 

identification of the value and validity of these qualitative social research methods to 

support end-users to change their practices.    

 
Initial feedback from end-users in the UTS trial was communicated to YVW and the 

household residents trialling UD in the Kinglake West project. Sharing results from the 

UTS trial with residents in the YVW trial occurred through an evening information 

session organised by YVW (as discussed in the previous case study). In addition, the 

results of this case study were also communicated to the academic community by 

presenting this case study at the ‘Beyond Behavioural Change Symposium (BBC).28 

                                                 
28 Fam, D.M. & Lopes, A. 2012, 'Supporting system change and niche practices through qualitative social 
research', Beyond Behavioural Change: A symposium on social practice theories and their implications for 
environmental policy and programs, Storey Hall, RMIT, Melbourne, November 2012 in Proceedings of the 
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The research approach and findings from this case study were peer reviewed in the 

BBC by discussing the research with leading academics in this field of practice.29 

Sharing the results from this case study with other academics at the BBC led to the 

opportunity to lead a special edition journal publication on practice theory and design 

which is in the process of being developed and will be submitted to the journal Design 

Studies. 

 

Communal reflection by end-users involved in this case study was achieved through 

the use of the ‘graffiti board’ feedback tool which offered a way for end-users to reflect 

on others’ comments to the graffiti board and add to the conversation. Project team 

meetings also became a space for communal reflection on end-users’ feedback by the 

project team managing the UTS trial. 

 
2.9 Summary of the methodology 
 
The multiple case study approach adopted in this thesis was used to explore different 

aspects of transitions in sanitation. This approach to case study research was 

unconventional in that it did not seek replication through the use of multiple cases but 

rather sought to build a cumulative, synergistic understanding of transitions. Case 

studies included in this thesis have therefore focused on different units of analysis, and 

they have used different analytical frames, methods of inquiry and types of data (e.g. 

secondary and primary) throughout three cycles of research.  While the area of inquiry 

in all case studies has remained consistent in regard to investigating transitions in 

sanitation, individual case studies focused on different aspects of transition dynamics 

across cycles of research. The objective of earlier cycles of research was to identify the 

context in which transitions were taking place, while later cycles detailed specifics of 

how transitions in sanitation were occurring in practice through my involvement in 

industry-funded projects.  

 

There was a clear progression from the use of secondary data for the historical 

analysis of sanitation (in Cycle 1) to the use of both primary and secondary data (in 

Cycle 2) for the analysis of the emergence of UD in Sweden. The final cycle of 

                                                                                                                                               
Beyond Behavioural Change Symposium, ed Strengers, Y., Maller, C., Horne, R. and Hawkins, G., RMIT, 
RMIT, Melbourne. 
29 Feedback on my paper was moderated by Gordon Walker (Professor in the Department of Geography 
and Lancaster Environment Centre at Lancaster University) with commentary on my paper by Elizabeth 
Shove (Professor, Department of Sociology at Lancaster University) and Ted Schatski (Dean of Faculty 
and Professor of Philosophy at the College of Arts and Sciences at the University of Kentucky). Feedback 
also came from the other 15 international contributors to the symposium. 
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research (Cycle 3) appropriately used primary data and an action research 

methodology in which planning, reflection and action facilitated learning about the 

potential of UD in practice. 

 

In evaluating the quality of the case studies presented in this thesis, the 

transdisciplinary quality criteria (Mitchell and Willetts, 2009) were valuable as a 

structured framework which also provided insight into how the research had contributed 

to outcomes beyond the confines of the doctoral research through identifying the 

‘significant outcomes’ (elaborated in Chapter 6). 
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Table 3 Summary of evaluation of preparatory cycles of research (Cycles 1 and 2) using the Carnegie Foundation scholarship quality criteria

Carnegie 
Foundation 
scholarship 

quality criteria 

 
EVALUATION OF PREPARATORY CYCLES OF RESEARCH – CYCLES 1-2 

 

Sydney sewers Melbourne’s 
Decentralised systems UD in Sweden 

1. Clear goals 
 
 

The goal was to determine the factors influencing the 
historical development of Sydney’s sewer systems and 
identify differences between Australian and European 
transitions in sanitation 

The goal was to determine the range of factors 
supporting the emergence of decentralised systems in 
Melbourne 

The goal was to determine the factors influencing the emergence 
of urine diversion (UD) as a technological innovation system (TIS) 
in Sweden over the last 20 years to gain insight into planning of 
UD trials in Australia  

2. Adequate 
preparation 
 
 

Existing scholarship in this field fails to identify Australian 
cases of development of sewered systems from a 
transition management perspective. To fill this knowledge 
gap sources were drawn from historical analysis of socio-
cultural, political, economic and urban studies 
perspectives to identify the differences between 
Australian and European perspectives of transitions in 
sanitation 

Lack of research on the emergence of decentralised 
water and sanitation systems was identified 
internationally. Therefore when planning for the 2009 
Melbourne Metropolitan Sewerage Strategy (MSS) 
recognised decentralised systems in its 50-year planning 
strategy an opportunity arose to determine the reason for 
changing perceptions of decentralised systems.  Multiple 
sources of evidence were drawn across areas of 
environmental science, sociology and engineering and 
analysis of the MSS 

The last two decades have seen the emergence of UD in Sweden 
as a niche-based approach to wastewater management. In 
analysing the emergence of UD as a TIS informal discussions with 
key actors working with UD systems internationally provided an 
alternative perspective to predominantly positive publications on 
the potential diffusion of UD 

3. Appropriate 
methods 
 
 

Methods appropriate for revealing the historical 
development of sewer systems in Sydney included a 
literature review and analysis of transdisciplinary fields of 
knowledge. The Multi-level Perspective (MLP) was used 
to reveal different levels of influence in the transition to 
sewer systems through analysis of historical data 

Appropriate methods of inquiry included historical 
literature review, policy analysis and analysis of the 
planning process for the MSS. To determine factors 
driving the emergence of decentralised systems, a 
longitudinal study of institutional, sociol-political and 
technological developments in Australia over the last 
three decades was required 
 

Multiple data sources were sought with methods including 
historical data and policy analysis, on-site observation of UD 
systems, interviews with key actors and informal discussions with 
those working the field. The methods  used were necessarily 
broad to capture transdisciplinary perspectives of UD’s potential  
as an emerging technological system 

4. Significant 
Results 
 
 

This case study revealed the relationship between socio-
political, institutional and economic factors leading to the 
development of Sydney’s sewer systems. The research 
identified the need for designers (e.g. engineers and 
industrial designers) to redefine their roles from being 
designers of artefacts to being designers who maximise 
the  technological efficiency of systems. This change is 
necessary if they are to influence large-scale shifts to 
sustainability 

The case study revealed reinforcing and interrelated 
factors (e.g. technical, environmental, socio-political and 
institutional factors) driving change toward decentralised 
systems. In particular policies supporting community 
based innovation in water efficient technologies was 
revealed as a factor supporting the increase in 
decentralised systems. These findings add to the field of 
transition research by providing a recent account of the 
changing nature of the Australian water industry with 
Melbourne as a relevant case study 

Results revealed UD systems were not functioning as successfully 
as published in reports and journal papers. A lack of 
documentation of the challenges of UD systems existed as well as 
an identified disconnection between policy to support nutrient 
recovery and reuse and the uptake of UD systems in practice. In 
particular evidence suggests a lack of engagement with end-users 
of UD systems as critical actors in the development and diffusion 
of UD as a TIS. 

5. Effective 
presentation 
 
 

This research was published in the design journal Design 
Philosophy Papers in 2009. The initial concept for this 
research i.e. redefining design’s role in system change 
was first presented  at the conference ‘Changing the 
Change’ in 2008 and was restructured and presented at 
the UTS postgraduate conference in 2009 for academic 
feedback. 

The case study was presented at the ‘1st Transition 
management’ conference in 2010 to gain input from 
academics in the field, then published in the International 
Journal of Water for further feedback from those working 
in water related areas of research. 

Results were shared on Sustainable Sanitation  (SuSanA) 
discussion forums and updated case studies were added to their 
website. Research was shared at the International Water Assoc. 
(IWA) Conference in Boston in 2010 and discussed with 
colleagues working with UD at Chalmers University Sweden 
before being published in Local Environment in 2012 

6. Reflective 
critique 
 

 

Reflective critique was sought  from leading academics in 
the design field through peer review conference and 
journal publications..  
 

Reflective critique was gained from the transition 
management and water research field as a result of 
conference and journal publications.  

In evaluating the relevance of the research, and the accuracy and 
interpretation of research findings, final published work was 
provided to interviewees for feedback  
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Table 4 Summary of evaluation of action oriented cycles of research (Cycle 3) using Transdisciplinary quality criteria (Mitchell and Willets, 2009) 

 
 
 
 
 
 
 

 
 

 

 
 
Transdisciplinary 

quality criteria 
 

ACTION-ORIENTED CYCLE OF RESEARCH – CYCLE 3 

YVW UD trial (Project team) UTS UD trial (project team) UTS UD trial (end-users) 

7. Responsive 
goals 
 
 

The goal of this research component was to determine 
how socio-technical experiments might be designed for 
learning. This goal emerged in response to feedback 
from residents involved in trialling UD systems who 
identified challenges for YVW staff in project 
management. 
 

The goal of this case study was to explore how to support social 
learning amongst a diverse range of actors involved in managing 
the UTS trial. This goal was responsive to the fact that team 
members from industry, government and academia interacted 
and participated in the UTS trial to various degrees from 
participation to non-participation. Exploring how to support social 
interaction and learning amongst team members was therefore 
responsive to the challenges of managing the UTS trial in 
practice. 

The goal of this case study was to determine the challenges for 
end-users in changing established practices in the adoption of 
urine diversion toilets and how new, fragile practices might be 
supported in the process. This goal was responsive to 
preliminary research that found particular Swedish trials that 
failed to engage end-users in the introduction of UD systems 
struggled to increase acceptance of the system and in certain 
circumstances contributed to them being dismantled 

8. Broad 
preparation 
 
 

 
Preparation involved gaining insight into how learning 
occurred in the management of the YVW trial from 
multiple perspectives. Interviews with residents using the 
systems as well as interviews with the project team, a 
contracted tradesperson and a research consultant were 
conducted. These multiple perspectives provided 
necessary preparation for evaluating learning within the 
YVW trial. The interview data then formed the basis for a 
learning evaluation workshop in which these learning 
experiences were translated into actions for managing 
future trials. 

 
Preparation involved documenting two years of project 
meetings, participating as a project manager (participant-
observer), and interviewing project team members to determine 
what they felt they had learned through involvement in the trial, 
how learning occurred for individual members of the team and 
the barriers and opportunities for social learning in the UTS trial. 

 
The preparation for this case study was broad in that it involved 
the adoption of a range of social research tools e.g. surveys, 
qualitative feedback tools and in-cubicle questionnaires to gain 
feedback from end-users on their experiences and challenges in 
using UD systems. 

 
9. Evolving 

methodology 
 
 

 
The method of evaluating learning in the YVW trial 
evolved from a preliminary focus on interviews with 
residents using UD systems to include interviews and an 
evaluation learning workshop with YVW staff 
implementing and managing the trial. 

 
The methodology evolved in response to the context under 
investigation. For example identifying varying degrees of 
interaction, collaboration and participation in the trial 
(characteristics of social learning) led to an investigation of how 
to support greater participation and facilitate social learning 
within the transdisciplinary team.  

 
The methodology evolved in response to end-users’ feedback in 
the UTS trial. For example, feedback from the qualitative 
feedback mechanism led to the adoption of in-cubicle 
questionnaires in a process of action research 

 
10. Significant 

outcomes 
 
 

 
Significant outcomes from this research included 
organisational learning and the development of new 
organisational practices within YVW for managing future 
socio-technical experiments of innovative technologies. 

 
Significant outcomes included development of principles for 
designing experiments for social learning in transdisciplinary 
project teams. This contributed to filling a knowledge gap on 
managing socio-technical experiments for learning.   

 
Significant results emerging from this case study included 
identifying the value of collaborative qualitative research tools to 
support social learning and the emergence of new practices in 
using UD toilets 

11. Effective 
communication 
 
 

 
Results from the research were presented to YVW’s 
executive board and staff members through progress 
reporting. The results were communicated more broadly 
within the water sector through a conference 
presentation at an Australian Water Association 
conference (OzWater12) and submitted to the 
international water industry journal Water Policy. 

 
Results from the research were communicated through the final 
project report and shared with practitioners working in the field 
both locally and internationally. Research was also 
communicated in academic fields at the 2nd Transition 
Management conference in Sweden in 2011, the International 
Systems Society conference in 2011 and submitted to the 
Journal of Cleaner Production in 2012.  

 
In communicating the results of this research beyond the project, 
this research was shared with residents involved in the YVW trial 
in an evening information session as well as YVW staff through 
progress reporting on the UTS trial. The research was also 
discussed at the ‘Beyond Behavioural Change’ symposium with 
leading academics in the field and then included in a special 
issue of the journal Design Studies on practice theory and 
designing for sustainability (to be confirmed)    

 
12. Communal 

reflection  
 
 

 
Communal reflection occurred through progress 
reporting where feedback on the trial was shared 
amongst the YVW staff managing the trial. In addition 
the learning evaluation workshop became a space to 
collaboratively reflect on learning in the YVW trial and 
develop new organisational practices to manage future 
experiments.  

 
Communal reflection on learning in the UTS trial was achieved 
through periodic team meetings and critical reflection on the 
development of the UTS trial which became a space in which to 
collaboratively share learning across disciplinary perspectives. 

 
Communal reflection on end-user feedback occurred in project 
team meetings where feedback was discussed amongst the 
project management team to collaboratively decide how to 
support end-users trialling UD systems based on their feedback. 
In addition the design of the feedback tool provided end-users 
with the opportunity to communally reflect on others’ feedback on 
the system.  
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CHAPTER 3 - ‘END-USERS’ IN TRANSITIONS TO SUSTAINABILITY 

 
 

3.1 Overview  

 
This section begins the investigation of human-centred transitions in sanitation by 

introducing the ‘end-user’ of technological innovation, in particular innovation in 

sanitation, as a critical actor in the transition process. By acknowledging that people 

and practices are implicated in transition dynamics, ‘practice theory’ is discussed as a 

necessary addition to theories of transition management. Evidence to support this 

claim is drawn from case studies investigating the development of UD in Sweden and 

the emergence of UD in Australia. An analysis of mechanisms to support changing 

practices in trialling UD systems in Victoria and Sydney culminates with insights into 

how socio-technical experiments might be designed to support ‘transitions in practice’. 

 

3.2 Positioning the ‘end-user’ in transitions in sanitation 

 
While the historical development of large-scale systems such as waste water treatment 

in many industrialised countries has been a result of the co-evolution of infrastructure, 

technology and social practices over the last century (Fam et al. 2009; Panebianco & 

Pahl-Wostl 2006), the social dimension of system change is often overlooked. 

Transition literature tends to focus on technical and infrastructural systems and as a 

result ‘sustainability is [often] tacitly defined as a matter of resource management, 

efficiency and ecological modernization’ (Shove & Walker 2007, p. 768). While there 

are increasing instances of research exploring the social dimensions of transitions 

(Loorbach 2010a; Shove 2012), a technological focus predominates in transition 

research. This perspective neglects the habits and practices of everyday living which 

involve consumer-citizens and transitions not only in technology but importantly 

transitions in practice (Shove 2007).  

 

Emphasising a technological transition underestimates the social environment in which 

the technology is used. For example, in regard to transitions in sanitation the ‘flush 

toilet’ is not an isolated artefact but part of a broader socio-technical system made up 

of sewerage pipes, wastewater treatment plants, water supply, extensive capital 

investment, and rules and regulations dictating health standards on treatment and 

cultural habits of use which have become embedded in western society over the last 

century. The combination of the artefact and the broader socio-technical system has 
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been termed by Mumford (1961) as the ‘megamachine’ which in the case of 

waterborne sanitation has become a significant barrier to system change. In spite of 

this, the physicality of the flush toilet disposes it to be treated as an isolated artefact, 

supporting the cultural disconnection between water use and waste production (see 

Paper I). 

 

3.3 Innovation and the ‘end-user’ 

 
Innovation scholars tend to view end-users as ‘external influences’ to technological 

change (Bergek et al., 2008; Edquist, 1997; p.2005). Schienstock suggests ‘the reason 

… is because the focus of research lies mainly on knowledge creation and effective 

distribution of an innovation while the aspect of use and possible consequences of use 

patterns are more or less unrecognised (Schienstock, 2005, p.100)’. Shove and Walker 

(2007) argue that ‘far from being external to systems of innovation, end-users are 

central to them’ (see also Franke and Shah, 2003; Ornetzeder and Rohracher, 2006; 

Schienstock, 2005). Empirical case studies of the diffusion of innovation reinforce this 

point with examples where technical improvements are better realised during the 

diffusion phase by feedback from end-users (Rodgers, 2003). Clearly, end-users 

represent more than simply the demand side or subject of change but rather are a 

critical factor and participant in the process of technological change.  

 

In comparison to innovation in other large-scale infrastructures such as energy, 

transportation or communication systems, adoption of innovative sanitation systems 

has a higher level of intimate end-user interaction with the technology. Social 

acceptance is therefore critical for successful innovation. The adoption of alternative 

sanitation and subsequent changes in wastewater flows affect intimate, personal 

aspects of everyday life, standards of comfort, convenience and cleanliness (Shove, 

2003), as well as perceived public and private health risks, and public and private 

meanings of toilet use (Horan, 1996; Quitzau, 2007).  

 
3.4 Integrating practice theory and transition theory 
Facilitating ‘transitions in practice’ or social change requires considering how the ‘user’ 

of a new technology is involved in transitions. This potentially involves exploring how 

daily life and established practices influence the successful uptake of new 

technological systems and how new practices emerge and are sustained in the 

process. Shove (2010, p.476) suggests there is value in expanding the debate on 
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socio-technical transitions by introducing ‘practice theory’ and in the process integrating 

all aspects of ‘practice’ into the concept of socio-technical systems. 

 

While transition theorists and practice theorists have different perspectives on system 

change, and may generate different methods of inquiry, different meanings of evidence 

and different research agendas, these theoretical approaches are compatible in that 

they are both concerned with the socially constructed relationship between technology 

and society. Both theories recognise the involvement of multiple actors and that non-

linear trajectories and emergent dynamics exist in the process of system change 

(Hargreaves et al. 2011). In addition, both theories focus on the dynamics of 

‘structuration’30 (Giddens 1984) that influence both system stability and system change 

(Geels 2010; Røpke 2009).  

 

While scholars in the field of transitions have argued for the integration of aspects of 

transition theory and practice theory (Hargreaves et al. 2011, Hargreaves et al. 2013) 

and have detailed the compatible and contrasting relationship between these theories 

(Shove 2010; Shove & Walker 2010), research on ‘social practices’ has primarily 

focused on how routines and practices are produced and reproduced rather than how 

novel practices might be encouraged or facilitated to support sustainable innovation 

(Shove 2012). Scholars are beginning to explore the potential to deliberately facilitate 

new practices related to water and sanitation management and energy use 

(Spaargaren, 2013; Hegger, 2007, Strengers, 2013).   The unique perspective of this 

doctoral research is that it draws on evidence to identify the challenges for users 

adopting new practices (in the use of urine diversion (UD) systems) and potential 

strategies to support the emergence of new practices. 

 

3.4.1 Practice theory and transitions in sanitation 
 
The range of literature on ‘practice theory’ is broad and does not have a unified 

approach but rather draws on traditions of philosophy, sociology and cultural theory 

(Røpke 2009). While there is no comprehensive definition of ‘practices’, they can be 

broadly defined as a bundle of activities or an organised nexus of actions (Schatzki 

                                                 

30 Structuration suggests that all human action occurs within an existing social structure and that this is 
governed by norms, values and/or laws. Therefore, all human action is influenced in some way by the pre-
existing social context in which it occurs (Giddens, 1984). 
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2002, p.71) that occur in the social domain. The often cited definition of practices by 

Reckwitz (2002) argues that: 

 

A ‘practice’ is a routinized type of behaviour which consists of several elements, 

interconnected to one other: forms of bodily activities, forms of mental activities, 

‘things’ and their use, a background knowledge in the form of understanding, 

know-how, states of emotion and motivational knowledge. A practice – a way of 

cooking, of consuming, of working, of investigating, of taking care of oneself or 

of others, etc. – forms so to speak a ‘block’ whose existence necessarily 

depends on the existence and specific interconnectedness of these elements, 

and which cannot be reduced to any one of these single elements (Reckwitz 

2002, p.249-250). 

 

Strengers (2010, p.7) adds that  practices ‘are seemingly inconsequential, 

inconspicuous and mundane but nonetheless essential to our day to day lives’, which is 

an appropriate definition for describing practices associated with toilet use. The 

mundane nature of toilet practices is often disregarded in introducing innovation in 

sanitation (see Paper III for further details) and yet successful adoption relies heavily 

on social and cultural acceptability and in the case of adopting UD systems, changing 

practices in using the technology itself, for example in the placement of toilet paper and 

oneself in the using the toilet. 

 

Shove and Pantzar’s (2010) practice framework suggest practices depend upon the 

interconnection between three main elements that constitute:  

(1) things – that is, materials  

(2) bodily knowledge – that is a competence or skill  

(3) mental activities – that is symbolic meaning and images.  

 

Practices are produced, reproduced and stabilised through repeated performance by 

the practitioner and by the relationship between ‘materials, skills and images’. For 

example, in the case of toileting (see Figure 4 for a visual representation of a urine 

diversion toilet), every time someone uses the toilet she integrates materials (toilet 

pedestal, toilet paper, water and flushing mechanism), skills (how to sit on the toilet to 

separate urine and faeces, how to place the paper in the back bowl) and images 

(expectations of freshness, odourlessness, cleanliness, sewage free interaction with 

the toilet) which constitutes the practice of ‘toileting’. 
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Figure 4 Urine Diversion toilets installed in the UTS trial in Sydney 

(Dubbletten and Wostman UD toilets respectively) 
 

Practices emerge, develop, stabilise and potentially die off as the links between these 

elements (materials, skills and images) are created, supported, maintained and broken. 

A distinction can subsequently be made in regard to different stages of a practice 

(Pantzar & Shove 2010). The proto-practice is where the necessary elements exist but 

are yet to be integrated; the practice is where the elements are integrated and 

routinised and the ex-practice is where the elements have become disconnected from 

each other (see Figure 5 for  an illustration of proto-practice, practice and ex-practice). 

 

 
 

Figure 5 Proto-practices, Practices and Ex-practices (reproduced from Pantzar and 

Shove, 2010, p.250) 
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Links no-longer  
being made 
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3.5 Socio-technical experiments as a site for negotiating new practices  

 
The introduction of innovation such as UD not only require adopting new practices in 

using the technology but also the dismantling or de-routinising of existing practices. 

While new practices are never entirely new and always emerge in dynamic relation to 

old practices, there is a need to reconcile these tensions in order to support change in 

socio-technical systems. The shift from resilient embedded practices to more fragile, 

emerging practices presents a tension for users in which negotiation is required. 

Gherardi (2012 p.213) notes this tension in changing practices is a factor which 

potentially governs innovation, suggesting: 

the key determinant of innovation is the tension between new and old 

knowledge: what has been called the ‘paradox of novelty’, that is, the tension 

between what has worked in the past and what could work in the future; a 

tension between exploitation of the knowledge already possessed and 

exploration of new fields of knowledge. 

 

A potential environment to explore the tension between old and new practices is in the 

protected space of socio-technical experiments. Socio-technical experiments are 

emphasised in transition literature as a space to support path-breaking innovation 

(Smith & Raven 2012). Kemp et al. (1998) and Hoogma et al. (2002) suggest a 

protected space is necessary in trialling innovation radically different from the 

mainstream to protect the innovation from dominant and/or mainstream practices. The 

assumption is that if such spaces were constructed appropriately, they would act as 

building blocks for broader societal changes towards sustainable development. While a 

‘protected space’ has been defined by transition theorists as a ‘financial space, 

organisational space, (transition) management space, mental space, juridical and 

geographical space’ (Van Den Bosch 2010, p.75). A key finding from this thesis is that 

a ‘social space’ is of additional and equal importance when trialling innovation and new 

practices.31 

 

What this research has identified is that a protected social space to trial UD in practice 

consists of a sample of users sympathetic to alternative, more sustainable systems of 

sanitation. The ‘social space’ of the UTS trial, for example, was one in which users 

                                                 
31 In trialling UD, users are required to change the way they use the toilet, in positioning themselves, in disposing of 
paper and in flushing the system. Negotiating this change in practice in the protected space of an experimental trial 
provides the opportunity to learn about the viability of UD systems in practice. 
 



70 
 

(approximately 50–75 toilet users) from the Institute for Sustainable Futures and the 

Centre for Local Government were involved. The majority of users in the UTS trial, 

were an articulate group with clear commitments to create sustainable futures and 

could formulate their own open-ended and conversational responses to the new socio-

technical system and provide feedback on the viability of the system in practice. Also 

worth noting is that participants were self-selected supporters of the UD trial as 

participants had the option of using ‘normal’ toilets or UD toilets. It is important to note 

that the intrinsic motivation of users to support sustainability initiatives and 

accommodate the inconvenience of novel technology (and the challenges associated 

with first generation technology) was critical in supporting the UTS trial.  

 

In contrast to the ‘social space’ of the UTS trial, the YVW trial was installed within a 

peri-urban community in which 40 households, who were rebuilding their homes after 

bushfires had destroyed them, accepted financial incentives from the local water 

authority (Yarra Valley Water) to install innovative water management systems32 in 

their new houses (see Paper IV). The differences between the samples in the YVW 

and UTS trials were significant. The diverse samples of users generated insights into 

the practice of using UD systems in a public and a private context. Most notably UD 

was installed within a residential setting in the YVW trial with residents who generally 

did not have strong commitments to sustainability (as opposed to the sample of users 

in the UTS trial).  

  

The concept of a protected ‘social space’ to trial innovation and new practices was 

identified in the UTS and YVW trials in which communicative structures between users 

supported the adoption of UD in practice. A key finding has therefore been the 

importance of facilitating conversation, debate and social interaction between users as 

a way of negotiating and normalising the emergence of new practices. The following 

section will draw on the results from the UTS and YVW trials to identify characteristics 

supporting the emergence of new practices. It provides insights into how socio-

technical experiments might be designed to take into account the ‘socio’ in socio-

technical change.  

 

In contrast to the Swedish experiences of trialling UD (see Paper III), this doctoral 

research, in investigating Australian UD trials, revealed that social processes involved 
                                                 
32 UD systems were installed as part of an integrated water management system which included onsite 
treatment and recycling of water for non-potable reuse, and a STEP/STEG system for black water 
treatment (See Paper IV for further detail) 



71 
 

conversation and debate amongst users as supportive mechanisms for de-routinising 

old practices and normalising and sustaining new ones. The evidence and process of 

social interaction and learning in both the UTS (and to a lesser degree the YVW trials) 

are discussed in the following section. 

 

3.6 Social learning in de-routinising old practices and learning new ones  

 
What was unforeseen at the outset of both the UTS and YVW trials was the importance 

of ‘social learning’; that is of users being able to share experiences and interpretations 

of using UD systems and in the process ‘normalise’ new practices. While the context of 

social learning differed between the UTS and YVW trials, the social dimensions of 

interaction between users to normalise and sustain practices were similar.  

 

Social learning is increasingly becoming a normative goal in natural resource 

management and there is a lack of clarity in regard to the meaning of the term and the 

theoretical basis from which it is derived (Reed et al. 2010). Often cited as a way of 

dealing with the complexity of natural resource management and promoting desirable 

behavioural change, (Muro & Jeffrey 2008) there are considerable differences in the 

definitions of social learning across fields of research. In defining social learning within 

socio-technical experiments this thesis takes the view that social learning is a process 

by which a necessary group of actors participates, interacts and communicates with 

each other within the context of the experiment, the purpose of social interaction being, 

to learn from multiple perspectives about arising issues and potential resolutions in 

trialling innovation. Social learning in this context can be viewed as both a process (that 

is the process of people learning from each other) and an outcome (that is, the learning 

that has occurred as a result of social interaction). While social learning in transition 

research is usually discussed in relation to the project team and relevant industry and 

government stakeholders (Van De Kerkhof & Wieczorek 2005), this research has 

identified the importance of social learning amongst end-users of the system33. 

                                                 
33 Definitions of social learning vary amongst scholars, for example, Fernandez-Gimenez et al. (2008) 
define social learning as ‘…an intentional process of collective self-reflection through interaction and 
dialogue among diverse participants (stakeholders)’, Pahl-Wostl et al. (2008) conceptualise social learning 
as learning how to collaborate: ‘…developing new relational capacities, both between social agents, in the 
form of learning how to collaborate and understand others’ roles and capacities differently’. Ison (2007) 
describes social learning ‘…as achieving concerted action in complex and uncertain situations’, a definition 
so broad it might encompass almost any social process. In addition to vague definitions of social learning 
there are examples of social learning projects that simply facilitate stakeholder participation. For example, 
there is little  evidence that the ‘…social learning for the integrated management and sustainable  
use of water at catchment scale…’ (SLIM) project facilitated anything more than stakeholder participation (Ison and 
Watson 2007). While Ison measured single, double, and triple-loop learning at an at an individual scale, there is the 
assumption  that triple-loop learning equates to social learning. 
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3.6.1 Social learning in the UTS trial 

 
Social learning between participants in the UTS trial contributed to a process of 

‘culturing’34 in which perceptions of new practices were shared, not only in relation to 

the use of the new technology, but also in terms of the meaning of the project more 

broadly. Largely, it was not a matter of whether the recovery and reuse of sewage via 

UD systems was acceptable, but rather of how the community of practitioners – in this 

case the ‘end-users’ – could best facilitate it. This was revealed, validated (in 

anonymous discussion with other users35) and sustained through the use of 

collaborative qualitative research tools (in particular the ‘graffiti board’ feedback tool – 

see Figure 6) which allowed new ideals to be cultivated in the protected social space of 

the trial.  

 

The ‘graffiti board’, situated in the washroom of the toilet block, provided a space for 

users to comment on using the UD system, to raise any issues that arose in the 

process and to reflect on the experience. The context of the space was private (in that 

participants had the opportunity to write when nobody was watching) but public in the 

sense that it was situated in a public space where others could interact with 

commentary. The quality of the graffiti board as both a private and public space 

influenced the types of interactions and conversations that occurred. For example, 

commentary broached taboo subjects such as menstruation, placement of faeces and 

personal bodily functions that may not have been discussed in an open public space. 

 

                                                                                                                                               
The concept of social learning as represented above is often defined in relation to the wide range of 
additional potential outcomes. For example, improved management of social-ecological systems, 
enhanced trust, adaptive capacity, attitudinal and behavioral change, stakeholder empowerment, 
strengthening of social networks (Reed, 2010). 
 
34 ‘Culturing’ in this research refers to the process in which practices, beliefs and perceptions are socially 
transmitted between participants in the trial. 
35 While the graffiti board was an anonymous feedback tool, participants may have been identifiable 
through their hand writing. 
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Figure 6 Graffiti board used to capture users’ perceptions, questions and issues in 

trialling UD toilets 

 
The ‘graffiti board’ was found to be an important means of encouraging reflection and 

bringing normally tacit experiences into ‘discursive consciousness’ (Giddens 1984; 

Hobson 2003). It created a communal space that prompted conversations in which 

questions about the system were commonly answered by other users. The graffiti 

board speech bubbles were changed weekly and provided a record of conversational 

learning (Kolb, Baker & Jensen 2002) and insight into how users had modified their 

practices over the trial period. User commentary ranged from disclosing experiences in 

use and problem solving to active inquiry into environmental and economic possibilities 

of the systems installed. From an operational perspective end-users of the technology 

offered insights into system design, questioned the success of planned scale-up and 
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articulated thoughtful concerns about the long-term feasibility of the system in both 

public and private settings.  

 

The process of social learning was not only important for sharing insights but was also 

identified as a way of sustaining new practices. For example, participants shared 

insights about using the technology to support others' successful experiences and help 

overcome technical problems to support the (fragile) new practice. One example 

involved a participant conversation about how to physically use the toilet, which as a 

new system requires a good deal more attention than usual. Three participants shared 

different approaches to using the system.  ‘(User 1) If you wipe your hand in the front of 

your body you need to chuck it back or bring it around to make sure it makes it. It is a 

bit awkward and takes a bit of concentration. I don’t have any design ideas but maybe 

there are potential solutions! Thanks. (User 2)  I think the trick is to tilt your pelvis back 

a bit, pelvis ‘back’ or ‘bottom down’ might be a better way to describe. (User 3) TIP! 

Don’t lean forward ’. 

 

What emerged from analysing participants’ commentary were clear categories of 

differentiation in responses to trialling ‘sustainable’ innovation. Four distinct categories 

of feedback included: 

 

1. Reflection on existing socio-technical practices – in which participants reflected on 

how new practices demanded by the new system aligned or not with existing 

practices. For example, one participant noted, ‘I occasionally drop the toilet paper in 

the pee hole so have to think about placing it in the back-hole. This will be bad when 

I’m tired and not thinking’.  

 

2. Practical design advice and questions – in which participants provided technical 

design advice to the researchers or asked explicit technical questions about the 

visible system and interface.  For example, one male participant commented, ‘Great 

concept, [but] this toilet is a little small for grown men’. In addition to practical design 

advice a subset of this category evolved to include speculative questions on the 

broader system where participants sought to locate their novel experiences within a 

larger system change. For example a number of participants asked about the water 

efficiency rating of the toilet. 

 
3. Sharing new practices and insights – in which participants commented on their 
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experiences or raised questions about the appropriateness and functionality of the 

technology relevant to the social setting of the trial. In questioning the viability of the 

toilet in a private setting, one participant noted, ‘What’s interesting is that if I just 

throw the toilet paper in without looking, then it sometimes lands in the front pee-

hole so it means looking every time … not very practical for a pee at home in the 

dark’. 

 

4. Sustaining practices – in which participants shared particular insights about using 

the technology with the intention of supporting others' successful experiences and 

helping to overcome technical problems in sustaining fragile new practices. In 

discussing personal experiences in flushing the UD toilet, participants shared 

insights, ‘(User 1) Need to press half flush button for a decent amount of time – a 

quick press = doesn’t flush enough. (User 2) My toilet paper flushes after first flush 

now that I remind myself to push the half button for a bit longer.’ 

 

The social nature of commentary in the UTS trial (e.g. users initiating written discussion 

between each other) suggests that conversational learning was a significant factor in 

the dismantling or de-routinising of old habits and the learning of new ones. The ‘graffiti 

board’ design enabled a communal space for ‘conversational learning’ (Kolb, Baker & 

Jensen 2002) at the same time prompting conversation in which questions about the 

system were commonly answered among other end-users (see Paper VI). 

 

3.6.2 Through the grapevine: social interaction in the YVW trial 

Research tools differed between the UTS and YVW trials in regard to the degree of 

engagement they delivered. For example, the UTS trial provided the opportunity to 

experiment with creative qualitative research tools such as the graffiti board, to support 

collaborative development of new knowledge (due to the context of the trial and sample 

of participants). The nature of the YVW trial, in which residents were dispersed across 

a broader geographical area, was more suited to the use of engaged research tools, 

such as semi-structured interviews and a community information session which brought 

residents together to discuss issues in using and managing the system.  

 

Contracted by YVW to determine the issues arising for residents in adopting UD 

systems, I was involved as the research consultant designing and conducting 

interviews with residents installing UD systems when rebuilding their homes (see 

Chapter 2 for methodology). While interviews aimed to capture individual perceptions 
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of the technology and the trial more broadly, analysis of interview data mirrored the 

experiences in the UTS trial in that social interaction, conversation and debate amongst 

neighbours was an important way for residents to negotiate the tension between old 

and new practices.36 Illustrating the importance of conversation, it was noted that the 

majority of residents involved in the YVW trial could describe the social and technical 

challenges their neighbours faced in using their UD toilets. For example, one resident 

described intimate details of how his neighbour used and cleaned his UD toilet,  ‘He 

said they’re not too good to clean out when you do number twos … he reckons he has 

to clean out the urine …. every now and then with skewers!’ One resident noted the 

frequency of problems with a neighbour’s system, ‘apparently they’re [the next door 

neighbours] having a problem [with the UD toilets] … they’ve been having a problem 

every week or fortnight’.  

 

While conversations on the failure of the system to function as expected was a 

common point of conversation between residents, positive experiences were also 

discussed amongst neighbours. In some cases these resulted in the recruitment of 

other neighbours into the trial. For example, in two cases residents stated that their 

decision to take up the UD system was a result of conversation with neighbours. One 

resident, reflecting on why she decided to be involved in the YVW trial noted, ‘I spoke 

to neighbours who had been here forever and they said, we’re doing it, it sounds like a 

good thing. Yes [I thought] alright I’ll do it.’37  

 

This is a relevant example of the process of ‘diffusion of innovation’. Rogers (2003, p 

10) defines this process as one in ‘which an innovation is communicated through 

certain channels over time among the members of a social system’. The central idea of 

social interaction in diffusion of innovation is that an individual learns by observing the 

behaviour of others, and then decides to do (or not do) something similar. In this 

process an adopter (or rejector) of innovation passes through a stage of reassessing 

the usefulness of the new idea in the context of his/her values, norms, and practices 

(Brown et al. 2003). 

                                                 
36 The original research design for the YVW project included a community workshop event to facilitate 
interaction between residents. The fragile nature of communication between the water authority and the 
bushfire victims resulted in YVW opting for an information session instead, which limited the amount of 
facilitated social interaction between residents which was originally designed into the project (the 
methodology for this project is expanded upon further in Chapter 2 – Research Design). 

 
37 What is interesting to note, is this particular resident was not involved in any information sessions 
organised by YVW to inform residents on the system but rather made the decision to be involved in the 
trial based solely on neighbours’ experiences.  
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Theorists of technological diffusion, such as Rogers (2003) emphasise both the 

cognitive and social processes involved. The cognitive component includes reflection 

and reassessment while the social component entails transmission and diffusion of 

new ideas and knowledge, in this case transmission of ideas occurred amongst the 

participants in the trial and their peer networks. Rogers’ (2003) diffusion of innovation 

perspective is clearly connected to the social interaction and diffusion of concepts 

amongst the members of a social network. 

 
3.7 Designing the socio into socio-technical experiments 

 
Perceiving the introduction of UD to be a purely technological matter narrowly defines 

the problem of sustainable sanitation as a technological fix that need only be designed 

and implemented for the sustainability benefits to be recognised. But as Hegger et al. 

(2007, p 734) suggest ‘technological potential’ only becomes meaningful in relation to 

the social reality in which it is expected to function’. If the technology is unacceptable 

for end-users, or if the expected changes in practices are too great to negotiate, the 

technological potential of sustainable innovation remains unrealised. Adopting a 

human-centred perspective of trialling UD in this thesis has offered a way of identifying 

the challenges and opportunities for users negotiating new practices and the viability of 

UD systems in practice. 

 

The UTS and YVW trials provided insights into the methodological issues associated 

with supporting the emergence of new practices when trialling novel sanitation 

systems. In this research, qualitative social research tools (such as the graffiti board 

and semi-structured interviews) were used to facilitate participants trialling the systems 

in practice. What emerged throughout the research process was an identification of 

certain characteristics of this approach that could be discerned as enabling 

engagement and interaction between end-users as well as facilitating commentary and 

learning. These characteristics included: (1) the timing of the qualitative research, (2) 

employing an action research orientation, (3) encouraging feedback and (4) facilitating 

reflection by end-users on the tension between old and new practices. The analysis of 

user responses from the UTS trial in particular provided a rich source of data which 

confirmed the value of these four key factors when trialling innovation in socio-technical 

experiments. 
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3.7.1Timing processes of engagement 

 
Timing the process of engagement with end-users in socio-technical experiments is 

necessary to capture the sense of novelty inherent in adopting new practices in trialling 

innovative technologies. Learning and adaptation to new technologies occurs quickly 

and first experiences are formative. For these reasons it was crucial to time the 

process of engagement to capture end-users’ first experiences and perceptions of the 

systems. In trialling innovations in which new practices are required, qualitative social 

research tools provide a way of taking advantage of the window of opportunity which 

exists before the new practice becomes embedded in repetitive action and novel 

perspectives on the system are lost. This also provides the opportunity to act on and 

overcome negative experiences in a process of action research.  

 

The process of periodic intensive engagement over the first three months of the UTS 

trial was further enhanced through provocations and prompts added to the graffiti board 

by the project team to sustain a sense of novelty (see Table 5 Information added to the 

graffiti board during the UTS trial).  After two months of collecting weekly commentary, 

an addition to the graffiti board provided participants with information on the latest 

research on UD systems internationally. For example, one informative ‘Did you know?’ 

addition to the graffiti board included information on the breakdown of pharmaceuticals 

in urine by microbes in soil. 

 

Table 5 Information added to the graffiti board during the UTS trial 

 
DID YOU KNOW? 

 
There’s evidence to suggest that microbes in soil may be able to break down 
pharmaceutical residues in urine? Applying urine to land may be a safer way of 
managing urine than diluting and discharging wastewater containing pharmaceutical 
residues into our waterways … A recent study by Winker et al. (2010) found that the 
pharmaceutical Ibuprofen broke down in soil through microbial action, whilst others 
(e.g. Carbamazepine) were detected in plant biomass. There’s definitely room for 
further research but if you want to know more about this, have a look at: 
 
Jonsson, H, Stintzing, A, Vinnerås, B, & Salomon, E 2004, Guidelines on the use of urine and faeces in 
crop production, EcoSanRes Programme and the Stockholm Environment Institute.  
 
Winker, M, Clemens, J, Reich, M, Gulyas, H & Otterpohl, R 2010, 'Ryegrass uptake of carbamazepine and 
ibuprofen applied by urine fertilization', Science of the Total Environment, vol. 408, no. 8, pp. 1902-1908. 
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This information positioned the UTS trial within a broader field of sustainability research 

and innovation and maintained the ‘visibility’ of the system as provisional and 

experimental while constructive engagement with participants was pursued. This could 

be seen as a practical example of an emergent methodology. The intervention on the 

part of the researchers also proved to be productive in promoting reengagement and 

stimulating further commentary. This was seen as necessary as the contributions to the 

commentary board declined with 60 comments in the first week down to four comments 

in week 18 of the trial.  

 
3.7.2 Action research to support interaction between users   

 
Through a process of planning, action and reflection, there is the potential to design 

socio-technical systems as ‘open’ systems in which feedback from end-users 

contributes to changing the system. Within the UTS trial participants were able to see 

the results of their contributions through actions taken and they therefore saw that their 

contribution was influencing the direction of the trial. As one participant commented, ‘It 

seems comments are taken seriously and results in new little tweaks!’ One of the 

significant outcomes of acting on end-user feedback was ‘tweaking’ the system to align 

with end-users’ needs and expectations of acceptable practice. For example 

appropriate cleaning implements were installed in the cubicles after feedback from 

users that the lack of toilet brushes made the system difficult to use. While there was a 

flurry of tailored design suggestions as end-users anticipated problems in using 

conventional toilet cleaning implements, there was also feedback on the ability of the 

research approach to stimulate reflection on existing practices. One end-user 

commented ‘I’m finding this a really good awareness raising tool. I never put any 

thought into how many squares of loo paper I was using – now I think about it to see if I 

really need it.’ The interactive and responsive dimension of engagement created by the 

research tools affirmed individual perceptions of the system and invited creative 

collaboration.  

 

3.7.3 Social interaction and learning in socio-technical experiments 

 
The significance of the social dimension of engagement was unforseen in the early 

stages of the UTS trial. As conversation on the graffiti board commenced, a process of 

social interaction and learning emerged. In discussing their experiences in using the 

UD systems, users positioned their knowledge in relation to others and this discussion 

was recognised as a way of identifying the importance of recurring themes in the 
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commentary through strong ‘me too’ moments. For example in discussing the need for 

more information about the broader system, three participants supported each other’s 

comments and reinforced their belief that the project team should provide more 

information to users on the broader system.  ‘(User 1)…provide a link where we can 

access more info (oh & updates on) (User 2) Agree great idea! (User 3) Where we are 

up to? is the phosphorous being collected yet? Where is it going? I’m getting 

interested!’  

 

The identification of social interaction and learning fortified the perception that end-

users have a significant contribution to make when there is the opportunity for social 

engagement with other receptive users. This line of questioning can also be seen as 

part of a process of participants fashioning new ‘images’ (Pantzar & Shove 2010) about 

the closed-loop system and its broader meaning, in spite of its ‘invisibility’ at the point 

of interface.  

 

3.7.4 Facilitating reflective practice (or reflection on practices) 

 
The graffiti board triggered and enabled a process of reflection by participants in the 

UTS trial. Reflective practice, as defined by Schön (1983), is the capacity to reflect on 

action so as to engage in a process of learning. Participants reflected on the need for 

new practices and in the process questioned the existing system of sanitation. It was 

as though the novelty of trialling innovation and reflecting on the issues arising from the 

experience illuminated the tension between new and old practices and triggered 

broader system inquiry. Repeated references to the broader system in the data was 

one way in which participants questioned the technical and sustainability profile of 

‘normal’ toilets (e.g. conventional flushing toilets). As one participant commented, 

‘What’s interesting is that the “normal” toilets don’t always flush properly either!’  

 

3.8 Discussion  

 
While data collected from the graffiti board provided evidence of changing practices by 

participants, it is important to recognise that this evidence does not necessarily 

translate into a permanent change in practice. As one participant reflected at the 

conclusion of the trial, ‘Because all the social research tools are gone, I automatically 

put my paper in the front!!! I just forgot without all the prompts’. It therefore cannot be 

assumed that participatory methods of social research automatically facilitate new 

practices. What can be stated however is that these approaches to social research 
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facilitate reflection on the broader system and support social learning. They reflexively 

expose the existing system, which is normally withdrawn from attention and they 

therefore open it to questioning in relation to ‘what could be’ in a collaborative way.  

 

Adopting qualitative social research methods, as discussed above, to support learning 

in socio-technical experiments requires considering timing of engagement to capture 

insights when the practice is still new for the user. Responding to feedback from users 

as a process of action research not only contributes to driving the direction of the 

research in a way which overrides a tendency toward technological determinism, but 

also provides participants with the feeling that their feedback is valued and their 

contribution makes a difference.  

 

This research has revealed that it is important to adopt research tools that fulfil multiple 

purposes. For example, while the graffiti board sought input from users in socio-

technical experiments to determine how viable new practices are in trialling innovative 

technologies, it also provided a means of determining how commentary and issues 

associated with trialling innovation changed throughout the project. If transitions toward 

sustainability are to be facilitated as is currently being suggested by scholars in the 

transition management field, then this competency for engagement with the social 

implications of system change require consideration of people and practices in the 

transition to sustainability. To highlight this point the systems thinker Niklas Luhmann 

(1989) comments that ‘to the extent that technological intervention changes nature and 

problems result from this for society, greater rather than less competence for 

intervention has to be developed.’  
 
3.9 Contributions to research questions from this chapter 
 

How are transitions to sustainability improved through a human-centred approach to 

planning, designing and managing socio-technical experiments? 

 

This chapter has revealed that a human-centred approach to planning, designing and 

managing socio-technical experiments provides a way of determining the viability of 

‘transitions in practice’. For example, while UD systems offer the potential for recovery 

and reuse of urine in more economically and environmentally sustainable ways than 

conventional systems, innovative sanitation technologies such as UD, which are still in 

the early stages of development, rely on the acceptance and adoption of new practices 

by users. Users need to position themselves differently when using the UD system and 
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paper needs to be carefully placed in the toilet to limit blockages. Engaging users in the 

early planning stages of socio-technical experiments provides a way of determining any 

apprehensions users may have in using the system. In addition, during the design and 

management phases of socio-technical experiments feedback from users offers a way 

of identifying the challenges and opportunities of the system in practice while revealing 

the viability of up-scaling the system beyond the confines of the experiment. In 

essence, adopting a human-centred approach to socio-technical experiments helps to 

determine whether in fact the system has the potential to contribute to a transition to 

sustainability and uptake of the system beyond the confines of a small scale 

experiment. 

 

How are emerging practices supported in niche experiments? 

This chapter has established that conversation, debate and social interaction provided 

support for emerging practices in UD experiments. The UTS trial in particular identified 

that communication supported participants in negotiating the tension between old, 

established practices and the emergence of new, fragile practices. In considering how 

socio-technical experiments might be designed to facilitate the emergence of new 

practices, methods that encourage and sustain social interaction provide some insight. 

Providing the opportunity for participants of experiments to discuss the challenges of 

trialling novel technologies with others and in the process normalise38 their experience 

of new practices is therefore necessary in learning about the viability of the system – 

this has been particularly important in trialling UD which requires significant changes in 

mundane everyday practices. 

  

                                                 
38 The methods adopted in the UTS trial in particular, through the use of the graffiti board, enabled a way 
of accessing a rich collaborative perspective on what ‘normalisation’ of new practices might entail.  
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CHAPTER 4 – ORGANISATIONAL PRACTICE, LEARNING AND CHANGE 
 
 
4.1 Overview   

 
Learning in socio-technical experiments inherently involves people and practices. While 

the previous chapter analysed end-users and social practices as critical actors and 

factors in socio-technical experiments, this chapter expands the scope of analysis to 

investigate organisations (and organisational practices) involved in managing socio-

technical experiments. Acknowledging the complex relationship between sanitation 

technologies, users/consumers and managers/providers of sanitation systems provides 

a transdisciplinary perspective of practice. 

 

This chapter draws on experiences of two project management teams trialling UD in 

Sydney and Victoria to determine how people and practices are implicated in learning 

in socio-technical experiments. The findings revealed that conducive environments and 

enabling processes for learning require organisational practices that support ‘learning 

through failure’ and facilitate collaboration and communication between cross 

disciplinary project team members. As a result of this analysis, principles and guidance 

for organisations implementing socio-technical experiments for learning have been 

developed (see Papers IV and V) and are discussed in Sections 4.4 and 4.5 of this 

chapter.  

 

4.2 Steering technological innovation towards sustainability 

 
Steering technological innovation towards sustainability – or ‘sustainable technology 

development’ (Weaver et al. 2000) is increasingly being acknowledged as an essential 

part of governance for sustainable development (Foxon 2008; Lafferty & Meadowcroft 

2000; Nill & Kemp 2009). Fostering technological innovation is no longer a question of 

whether technological change should occur, but rather a question of how to 

strategically manage a transition toward sustainability and impact large-scale 

transformation.  

 

One way of facilitating sustainability transitions advocated by transition theorists is 

through socio-technical experiments as sites for learning about the potential of 

innovation through practical implementation of new technologies (Caniels & Romijin, 

2008). Transition concepts such as Strategic Niche Management (SNM) (Caniels & 
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Romijin 2008; Kemp, Schot & Hoogma 1998; Raven, Van den Bosch & Weterings 

2010), transitions experiments (Loorbach & Rotmans 2006; Van Den Bosch 2010) and 

Bounded Socio-Technical Experiments (BSTEs) (Brown 2004; Brown et al. 2003; 

Brown & Vergragt 2008) are built on the premise of facilitating learning and embedding 

sustainable innovation within society through experimentation. 

 

Strategic Niche Management (SNM), in particular provides a process of developing 

sustainable technologies by facilitating the creation of technological niches – that is, 

protected spaces that allow for experimentation with technology, user practices and 

institutional structures (Kemp, Schot & Hoogma 1998). Various stakeholders in the 

innovation process are ‘encouraged to collaborate and exchange information, 

knowledge and experience, thus embarking on an interactive learning process … 

facilitating the incubation of the new technology’ (Caniels & Romijin 2008, p. 246). The 

aim of SNM therefore is to create and manage protected spaces (niches) for promising 

technologies while learning about the technological performance, economic viability 

and social desirability of a technology in practice.  

 

In managing the introduction of innovation the SNM framework prioritises (1) 

development of broad stakeholder networks, (2) visioning and agenda setting and (3) 

learning in experiments (Raven, Van den Bosch & Weterings 2010). Whilst developing 

broad stakeholder networks and sustainability visions and agendas is important for 

transitions, the focus of this thesis is on learning in short-term experimental trials of 

innovative sanitation technologies.  

 

An appropriate definition for the case studies analysed in this thesis is the concept of a 

Bounded Socio-technical Experiment (BSTE) which denotes a short-term experimental 

trial aimed at learning about the viability of new technologies in practice. BSTEs are 

characterised by Brown et al. (2008, p.112) as attempts to: 

introduce new technology or service on a scale bounded in space and time. The 

time dimension is measured in years (not decades or months), while the space 

dimension is defined either geographically (a community) or by a number of 

users (small). BSTE is a collective endeavour, carried out by a coalition of 

diverse participants, including business, government, technical experts, 

educational and research institutions, NGOs and others. There is a cognitive 

component to BSTE in that at least some of the participants, and definitively the 

analyst, explicitly recognize the effort to be an experiment, in which learning by 
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doing, trying out new strategies and new technological solutions, and 

continuous course correction, are standard feature.  

 

While significant value is placed on experimentation and social learning outcomes in 

transition concepts such as SNM and BSTEs, few practical guidelines to negotiate this 

complex task have been developed for practitioners involved in the day-to-day 

management of experiments to facilitate such learning (cf. Loeber, 2003, Rotmans, 

2003, Kemp and van den Bosch, 2006, Grin and van Staveren, 2007). What tends to 

be emphasised in transition literature is the importance of documentation and reporting 

to capture the outcomes of social learning in experiments (De Bruijne et al. 2010) 

rather than providing insight into how to facilitate social learning in practice. Brown et 

al. (2008, p.110) confirm the lack of established processes for practitioners by 

suggesting, ‘with a few exceptions, little systemic study has been done on defining the 

learning processes in experiments, monitoring them, assessing their societal impacts, 

or examining the conditions under which learning occurs (or not), and by what 

mechanisms’. From the analysis of UD trials in Sydney and Victoria this thesis claims 

and provides evidence for the process and outcome of learning as a central component 

in socio-technical experiments. 

 

This chapter contributes to filling the current knowledge gap in transition literature by 

identifying enabling processes and environments in which learning occurred in two 

organisations trialling UD in Australia. Learning is a broad field of inquiry and the 

following section makes an argument for my perspective on frameworks of 

organisational learning and social learning (elaborated in Chapter 3) to analyse factors 

supporting learning in organisations (in this case project teams) managing socio-

technical experiments.39 In particular the notion of ‘learning through failure’ is discussed 

in relation to both organisations managing, and societal actors using, innovation in 

sanitation.  

 

In adopting organisational learning and social learning to analyse UD trials in Australia, 

organisational learning was the most appropriate for analysing learning in the YVW trial 

in which a relatively congruent organisational culture existed within the cross 

departmental project team (Dunphy, Griffiths & Benn 2003). In contrast, the nature of 
                                                 
39 While there is little reference in the literature to the link between organisational learning and social 
learning, my conception of organisational learning in this chapter is one in which the two areas of study  
are closely linked by shared characteristics of social interaction, active participation and collaboration 
between a collective unit of participants.  
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the UTS trial, in which there was a broad range of disciplinary perspectives and 

practices within a project team consisting of government, industry and academic 

stakeholders, meant social learning was a more appropriate analytical framework to 

analyse learning.  

 

4.3 Organisational learning in socio-technical experiments 

 
Early theories of social learning emphasised the process in which an individual learns 

within a social context by modeling behaviours and attitudes of others (Bandura 1977). 

More recently authors have extended the scope of social learning beyond the individual 

level of understanding to investigate how social organisations learn through interaction 

and collaboration between participants (Argyris & Schön 1978; Blackmore 2010; 

Bouwen & Taillieu 2004; Wenger 2002). In particular Argyris et al’s (1978) theory of 

organisational learning defines learning as the detection and correction of error within 

an organisation (elaborated below).  

 

Within these later conceptualisations of social learning, social participation is 

emphasised as an important process in sharing knowledge and understanding of the 

world (Argyris & Schön 1978; Senge 1990; Wenger 2002). Lave and Wenger’s (1991) 

theory of situated learning in particular emphasise the importance of active participation 

in practices of social communities and argue that learning should be viewed as a social 

process where knowledge is co-constructed; suggesting learning is situated in a 

specific context and embedded within a particular social and physical environment 

where the activity, culture and context influence the learning outcome.   

 

A common component amongst all the social learning theories discussed above is that 

they tend to emphasise the interaction between individuals and the environment. Social 

learning concerns itself with interactions and communications among actors, the 

relations among them, the quality of dialogue, and collective problem definition and 

identification of solutions. From this view technical (single looped) and social learning 

(double looped) evolve progressively from one another. ‘Social learning in particular, 

which is most closely associated with changing social norms and values, builds on 

cognitive capacities of technical learning and the reflective self-examination that occurs 

through conceptual learning (Brown, 2004)’. 

 

More recently scholars have extended the scope of social learning theory to investigate 

how organisations learn through interaction and collaboration between participants as 
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is the case in organisational learning (Argyris & Schön 1978). Organisational learning 

refers to an organisation’s development of know-how, techniques and practices 

through individual learning. Individuals are central to theories of organisational learning 

because individuals’ thinking and actions influence the capability for productive learning 

within an organisation. As individual's function as agents of organisational learning, the 

organisational culture serves as an environment for embedded knowledge, attitudes 

and values (Argyris & Schön 1978, 1996). 

 

Productive organisational learning encompasses both single- and double-looped 

learning. Single-loop learning denotes an organisation’s ability to learn and remain 

stable in a changing context. Double-loop learning occurs when, in addition to single-

looped learning, an organisation questions existing norms, procedures and objectives 

(Argyris and Schön, 1996). In broad terms, the difference between single- and double-

loop learning can be characterised as: ‘A concern with doing things right versus a 

concern for doing the right thing (Munro 2011, p.14)’. 

 

A working definition for organisational learning in this thesis is one in which individuals 

within an organisation (e.g. the project team) experience a problematic situation and 

inquire into it on the organisation’s behalf. When individuals experience a mismatch 

between what they expected and actual results, and respond to this situation through a 

process of reflection and further action, learning occurs within the organisation. In order 

to become organisational, the learning has to be embedded into the images of the 

organisation held by its members and/or the epistemological artefacts (maps, 

memories and programs) embedded in the organisational environment (Argyris & 

Schön 1996). For example, to qualify as organisational learning, practices and 

procedures need to change in response to the learning experienced in action. 

 

The following section draws on two experiments of UD systems, trialled in different 

organisational contexts, one in a research institute and on in a water utility, to analyse 

conducive environments and enabling processes for learning in experimental settings 

Based on the UTS and YVW trials, the following sections explain why these 

dimensions (processes and environments) have been privileged in this thesis. 

Environments conducive to organisational learning were identified as those that 

supported ‘learning through failure’ and provided mechanisms, such as appreciative 

inquiry (Cooperrider, Whitney & Stavros 2003), to evaluate learning. Processes 
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supporting learning were identified as those facilitating communication and 

collaboration between stakeholders that enabled reflection by the project team.  

 

4.4 Learning through failure: the strategy of small losses 
 

‘In our culture, failure is anathema. We rarely hear about it, we never dwell on it 

and most of us do our best to never admit to it. Especially in organisations, 

failure is often simply not tolerated and people avoid being associated with 

failure of any kind’ (Mervis and Berg, 177, cited in Sitkin, 1992, p.232). 

 
The overarching purpose of socio-technical experiments is to foster learning through 

trial and error with the aim of creating a path towards sustainable transitions (Van De 

Kerkhof & Wieczorek 2005). The challenge of learning through trial and error is that the 

conventional view of ‘error’ or ‘failure’40 within organisations has negative connotations 

with traditional scholarly and managerial emphasis on failure avoidance (Sitkin 1992). 

The irony, as Argyris et al. (1993) argue, is that double-looped learning often relies on 

‘errors’ or the mismatch between what was planned and the end result, to challenge 

underlying assumptions and facilitate learning. 

 

While failure is not an inherently desirable outcome in socio-technical experiments 

Wildavsky (1988, p. 26) notes failure is a more effective means of learning than 

success because it provides “small doses of experience to discover uncertainties 

unpredictable in advance”. Discussing failure as a learning experience in socio-

technical experiments should therefore be encouraged (Caniels & Romijin 2008) and 

more importantly, strategies should be developed to support the process of learning 

through failure.  

 

In analysing organisations trialling UD systems in Australia it was revealed that a 

supportive environment for learning requires acknowledging and accepting failure as 

an effective learning experience. This perspective of learning may present challenges 

for some organisations trialling innovation as negative perceptions of failure create an 

environment where project managers and team members may feel threatened by the 

prospect of critically examining their own role in an organisation experiencing failure. 

                                                 
40 In their definition of organisational learning Arygris et al. (1996) note the importance of detecting errors 
and the role of surprise as a stimulus for new ways of thinking rather than an explicit reference to learning 
from failure. The term used in this chapter to denote learning through trial and error is drawn from Sitkin 
(1992) who uses the term learning through failure to describe the mismatch between expectations and 
outcomes in organisations. 
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As a result, participants may respond defensively (Argyris 1991) to investigating an 

organisation’s failure to meet expected outcomes.  

 

Socio-technical experiments trialling emerging technologies have a higher than 

average risk of failure (Caniels & Romijin 2008). While they may provide enormous 

sustainability potential, emerging technologies often fail to be fully developed, or fail to 

catch on in the market, even though they promise superior performance compared to 

established technologies (Caniels & Romijin 2008). The unpredictable nature of trialling 

emerging technologies in practice suggests socio-technical experiments need to be 

designed within an environment where the higher risk of failure is acknowledged and 

valued as a potential learning experience. Drawing on evidence from the UTS and 

YVW trials of UD systems, the following section identifies significant factors supporting 

learning through failure including, developing an organisational culture within project 

teams that value learning through failure.  

4.4.1 Learning through failure in the UTS trial 
 
The trial of UD systems at the University of Technology, Sydney (UTS) was designed 

as a transdisciplinary research project in which industry, government and academic 

partners worked together to learn about the viability of UD in practice (see Paper V). 

The university has been noted by innovation scholars as an ideal site for research and 

innovation because as Cortese (2003) reflects, it functions as a ‘microcosm of society’ 

and has been described as a ‘lab’ and ‘window’ to design and promote sustainable 

innovations (Penin & Vezzoli 2004; Vezzoli, Ceschin & Kemp 2008). The university as 

an experimental space within society is one in which the risk of innovation for industry 

and/or community stakeholders is absorbed as a research endeavour (Allen, Lopes & 

Andrews 2009). The university’s capacity to deal with failure as a learning experience 

was noted by the project director of the UTS trial who stated, ‘We are going to scrape 

our knees in the process [of trialling UD] and we should be the ones [as an educational 

institution] to do so’.  

 

By putting the concept of ‘learning through failure’ into practice, the UTS trial explicitly 

supported the development of an organisational culture that valued ‘failure’ and 

appreciated the higher exposure to risk associated with trialling UD systems as a 

learning opportunity. During project meetings and industry engagement, unexpected 

challenges and hurdles were discussed as a necessary learning process. Team 

members subsequently viewed failure as valuable as success factors in the project with 
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one academic collaborator noting that, ‘[failure] provided a broader emphatic 

perspective on the complexity of trialling innovation and it triggered a research curiosity 

and wonder about the different perspectives … that support success’.  

 

While the context of the UTS trial within an academic institution meant learning through 

failure was acceptable as a research endeavour, implementing socio-technical 

experiments by government organisations, such as water utilities, present a different 

set of challenges in learning through failure. The following section draws on the 

experience of Yarra Valley Water (YVW) in trialling UD systems in Victoria to reveal 

factors supporting learning through failure.  

 

4.4.2 Factors supporting learning through failure in the YVW trial 

 
In parallel to the UTS trial the water utility, Yarra Valley Water (YVW), initiated a trial of 

UD systems within the Kinglake West community in Victoria in which 40 households 

installed UD systems (see Paper IV for background information on the YVW trial). 

While both social and technical challenges arose in the YVW trial, the existing culture 

of innovation within YVW, a commitment to sustainability leadership and an 

appreciative process of inquiry to evaluate learning were identified as factors 

contributing to an environment that is conducive for learning through failure41. Each of 

these facets of the trial is elaborated on below.   

 

The historical commitment by YVW to sustainable innovation contributed to their ability 

to learn through failure in the YVW trial. YVW’s strong claim to leadership in corporate 

sustainability in the Australian water industry has fostered innovative management 

strategies to create an open and collaborative organisational culture for well over a 

decade (Crittenden, Benn & Dunphy 2010). Focusing on the ‘environment’, as a 

strategic management issue, has been critical in supporting sustainable innovation 

within the organisation. There has been careful consideration by YVW managers of 

creating an open and supportive culture of innovation and integrating sustainability into 

strategic planning and ongoing operations (Jones et al. 2006). Sustainability tools such 

as ‘the Natural Step’ and Life Cycle Assessment have been adopted as guiding 

principles along with an increasing focus on collaborative learning through stakeholder 

engagement. In particular, organisational support for the expression of ideas has led to 
                                                 
41 This chapter is focused on analysing the environment and processes enabling social learning in socio-
technical experiments and draws on the published Papers IV and V as supporting evidence. For detailed 
background information on the methodology for evaluating learning in the UTS and YVW trials please refer 
to Chapter 2 of this thesis (on research design) and Papers IV and V. 
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an upward flow of innovative concepts within YVW (Crittenden, Benn & Dunphy 2010) 

with internal feedback and open questioning occurring in the review of projects by YVW 

staff on completion. 

 

The long-term focus on organisational learning and change has in part contributed to 

the willingness of the project team involved in the YVW trial to identify and 

acknowledge organisational practices adversely affecting the trial of UD systems in the 

Kinglake West community. In a facilitated process to evaluate learning in the YVW trial 

(a workshop designed to evaluate learning – see Paper IV for details), project team 

members constructively identified existing organisational practices and management 

strategies that did not support the unpredictable nature of socio-technical experiments 

in practice. In particular a lack of the cross-departmental communication necessary for 

managing socio-technical experiments was identified (see Paper IV). It could be said 

that YVW functioned as a learning organisation in that it encouraged staff to openly 

question the validity of existing procedures in the organisation and to respond with 

alternative practices for communicating across departments of the organisation. When 

an organisation is able to question underlying policies and goals as well as its own 

program, there is greater potential for quality learning (e.g. double-looped learning) to 

occur (Argyris 1977). 

 

While a culture of innovation within YVW contributed to staff openly discussing the 

need for more appropriate organisational practices in trialling innovation, the process of 

evaluating learning through failure needed to be sensitively broached to overcome the 

potential for defensive reasoning by project team members. What was needed was the 

creation of an environment that was conducive to learning where values and 

assumptions of the trial were shared in a process of social learning amongst YVW 

team members without fear of reprisal. This was achieved by adopting an appreciative 

approach to inquiry and was further strengthened by YVW’s commitment to facilitating 

an open and collaborative culture within the organisation.  

 

‘Appreciative inquiry’ identifies and develops what works well in an organisation in 

order to create a better future for it. The core tenet is that ‘organisations move toward 

what they study’ (Cooperrider, Whitney & Stavros 2003 p.29). Therefore, instead of 

focusing on problems, members identify what is working well in their organisation and 

envisage what it would take for this positive outcome to occur more frequently. 

Participants engage in a process of dialogue to decide what tasks and resources are 
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needed to bring about a desired future and then implement those changes. An 

appreciative approach addresses problems by reframing them in a way which focuses 

on strengths and successes by asking participants to identify what works well, why it 

works well and what they want more of in their own organisation (Coghlan, Preskill & 

Tzavaras-Catsambas 2003). An appreciative approach to inquiry was adopted by the 

research team in the design process to overcome defensive reasoning by employees in 

evaluating the success of the YVW trial with a focus on identifying the positive learning 

experiences of participants and articulating actions for positive change in the project 

(see Paper IV for further details).  

 

The process drew on multiple perspectives of the YVW trial (e.g. involving team 

members across YVW departments of research and innovation, asset creation and 

community engagement) to collaboratively identify the need for new organisational 

practices and procedures when trialling innovation within YVW and within the 

Australian water sector more broadly. (Outcomes from this process are discussed in 

more detail in Paper IV and collated in Appendix C). With the view that trialling 

innovation requires multi-dimensional learning, one of the most significant outcomes 

from the process was the need for more collaborative, cross departmental forms of 

collaboration and communication within YVW, and this is discussed in the following 

section.  

 

4.5 Organisational practices supporting learning  

 
Literature on organisational learning argues that communication and collaboration are 

ways of not only transferring existing knowledge across departments in large 

organisations but also facilitating the creation of new knowledge and synergistic 

solutions to problems (Argyris & Schön 1996; Beyerlein, Beyerlein & Kennedy 2006). 

Ensuring individuals within an organisation to share learning experiences with other 

team members is necessary for this process to occur. In the YVW and UTS trials two 

practices emerged which supported learning: facilitated processes of communication 

and collaboration; and reflective processes of management between participants 

managing socio-technical experiments. These practices are discussed below. 

 

4.5.1 Facilitating communication and collaboration in the YVW trial 
 
‘The discipline of team learning starts with “dialogue”, the capacity of members of a 

team to suspend assumptions and enter into genuine “thinking together”. To the 
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Greeks “dia-logos” meant a free-flowing of meaning through a group, allowing the 

group to discover insights not attainable individually’ (Senge 1990, p.10 ). 

 

‘Individuals’ within organisations hold the vast majority of organisational knowledge and 

know-how and are the conduits for the translation of knowledge into organisational 

learning. Individual learning therefore advances organisational learning through a 

process of aligning and sharing mental models (Argyris & Schön 1996). In 

organisations initiating socio-technical experiments, it is then necessary that individual 

learning experiences by project team members are sought, captured and integrated 

into organisational learning. 

 

The YVW trial is an exemplary case of how capturing and acting on individual learning 

can contribute to organisational learning and change within an organisation. The 

research process involved capturing individual learning experiences by YVW team 

members in semi-structured interviews and sharing outcomes from the interviews in a 

collaborative workshop. The workshop became a space to (1) collaboratively discuss 

key themes emerging form the interviews, (2) decide on the most significant learning 

experiences to act on and (3) collaboratively develop recommendations for managing 

future experiments of innovative technologies. Figure 7 is a representation of the 

process of translating individual learning into organisational learning and change within 

YVW. (see Chapter 2 – ‘Research Design’ for details of the methodology). Based on 

the learning experiences of project team members, the workshop facilitated team 

members to identify organisational practices appropriate for trialling innovation.  

 

As discussed earlier, YVW’s strong commitment to sustainability leadership and the 

development of a collaborative organisational culture contributed to project team 

members feeling sufficiently comfortable to identify organisational practices adversely 

affecting the success of the YVW trial. Project team members observed that YVW team 

meetings and communication between team members were fragmented, irregular and 

did not always involve necessary team members across departments of the 

organisation. While knowledge transfer within YVW functioned well for the 

management of conventional projects with established technologies, trialling emerging 

technologies presented new challenges of communication where knowledge transfer 

mechanisms were not in place, boundaries of responsibility were not clear and 

knowledge of relevant skills was not available to the core project team. While 

communication did occur, it tended to be generated and shared within individual 
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departments and organisational levels. This kind of siloed structure of knowledge 

transfer within YVW meant that sharing knowledge across departments was minimal, 

feedback was missing and opportunities to take advantage of skills and technical 

resources across departments of the organisation were lost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7 Process of translating individual learning into organisational learning and 

change within YVW 

 
In developing actions in the workshop to counteract the loss of integrated knowledge, 

team members collaboratively decided to appoint a ‘project owner’ for future socio-

technical experiments – a single position delegated to oversee multidimensional 

aspects of experiments through planning to operation and maintenance. The role of the 

‘project owner’ was perceived by YVW staff to be one of facilitating cross-disciplinary 

communication, collaboration and learning by integrating knowledge gained from a 

diverse range of involved stakeholders (including end-users discussed in Chapters 3 

and 5) into planning and decision making. In identifying the need for a ‘project owner’ in 

socio-technical experiments YVW staff not only articulated the need for holistic thinking 

and learning within the experiment but also identified the need for more appropriate 

practices in managing socio-technical experiments for learning. The conventional 

practice of passing projects chronologically through departments of planning, asset 
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creation, operation and maintenance within the organisation was perceived to be 

inadequate for socio-technical experiments because integrated knowledge, a necessity 

in trialling whole new systems of service provision, would not be generated. 

 

In addition to appointing a project owner for future experiments, regular cross 

departmental project meetings and collaboration was identified as a necessary process 

to ensure multiple perspectives of the trial were sought. As one team member noted, ‘in 

the YVW trial I've learnt just what the importance of really good internal communication 

and understanding of roles in a team. I've learnt the importance of just the constancy of 

communication that's required [for trialling emerging technologies]’. 

 

What the YVW trial revealed is that existing practices of communication and 

collaboration within the organisation were not adequate for managing socio-technical 

experiments. The untested, and therefore uncertain performance of emerging 

technologies in practice required monitoring and evaluating the system from multiple 

perspectives and sharing learning insights throughout the trial. Regular team meetings 

with members across departments of the organisation, as well as the creation of a 

‘project owner’ role was seen as a way of capturing learning and identifying the 

challenges of trialling innovation as they emerged. 

 

4.5.2 Facilitating communication and collaboration in the UTS trial 
At the core of social learning models is the process of collective and communicative 

learning (Muro & Jeffrey 2008). Much of the learning that occurs through experience 

emerges out of social and interactive dimensions of conversation amongst people 

(Kolb, Baker & Jensen 2002). Conversation, whether written or verbal, is a dialectical 

process of interpreting and understanding human experience. Ideally conversation is a 

process where all participants’ contributions are equally valued and does not involve 

the transference of pre-existent meanings from one person to another (Baker, Jensen 

& Kolb 2002:11) but rather aspires to holism in the development of mutual 

acknowledgement of the problem. 

 

Supporting the ‘social’ aspect of learning in the UTS trial required facilitation. In the 

UTS trial interaction between members of the cross-disciplinary project team was 

supported by a range of social engagement and communication tools including periodic 

face-to-face meetings across research strands and the larger project team, a virtual 
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networking site to maintain relationships and knowledge sharing, and quarterly 

progress reporting (see Paper V).  

 
To provide the space and structure for interaction between cross-disciplinary members 

of the team, three scales of collaboration were designed to support engagement 

between participants: 

 The core group of actors (responsible for initiating the project) consisted of 

three members who met weekly as part of the integration strand, maintained 

lines of communication with other members, provided research assistance, 

developed engagement processes and milestones for critical reflection and 

monitored and evaluated the progress of the project. 
 

 Each strand of research (involved in investigating technology, stakeholder 

engagement, visual communications, regulations and integration of 

knowledge) of three or four members met monthly to quarterly depending on 

the commitment and needs of the group, and was a site for developing 

specific strands of research of interest to individual members.  
 

 Community meetings, open to all participants (15 members), met at the end 

of each action research cycle approximately every 3-6 months and came 

together to critically reflect on the progress of the project, share findings and 

collaboratively decide upon its future direction. 
 

Team meetings were deliberately structured to support conversation amongst cross-

disciplinary members, encourage the relationship between them and, in the process 

develop, collective problem definition and identification of potential solutions. The 

majority of team members interviewed (9 of the 11 members) noted conversation 

between members was a significant learning experience, with one team member 

reflecting that, ‘The social dimension of the project has been a very important instigator 

of my learning.  It's not me going off and reading something on my own necessarily.  

It's that plus the conversation ... plus the interactive experience’. 

 
In practice, facilitating collaboration between a range of actors with potentially different 

agendas, world views and perspectives of the situation requires developing strategies 

for constructive discussion in which spaces for negotiation are created and underlying 

frames of reference are clarified (Layder 1998). One team member noted the 

negotiation of frames of reference as one of the key learning outcomes in the trial: ‘I've 
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learnt a lot about the way that institutional languages can strain change and learning. 

The jostling of world views, the way people see things, the way the knowledge 

mobilised doesn't always connect very well with the way other people see things’. 

There were a number of episodes in the UTS trial where clashes of opinion required 

negotiation, and the issue of participatory input into decision making was initially a 

particular issue of concern for one academic team member, who challenged by the 

concept of transdisciplinary inquiry. This member stated: ‘being participatory to arrive at 

an outcome may sound democratic but ends in compromise … that serves no-one.  It's 

also an abdication of professionalism which is totally unnecessary’. The experience of 

the transdisciplinary team involved in the UTS trial has revealed the importance of 

facilitated processes of communication and collaboration. In particular, the team 

member quoted above significantly shifted their perspective throughout the trial through 

this very process of communication and collaboration and became a staunch advocate 

of transdisciplinary research. 

 

Collaboration and communication occurred through both formal and informal meetings 

in the UTS trial. Facilitated exercises included ‘visioning’ the future of the UD, jointly 

developing research questions and collaboratively brainstorming the expansion of the 

experiment with project team members. These strategies for facilitating communication 

and collaboration in the UTS trial are discussed below (and expanded on in Paper V) 

 

4.5.2.1 Envisioning the future: a heuristic device for collaboration  
 
The overarching aim of transition management is to steer bottom-up processes of 

transformation towards a pre-defined sustainability goal or ‘vision’ (Rotmans, Kemp & 

Asselt 2001). Whether the vision is low-carbon energy infrastructure or a closed loop 

sanitation system, transition theory posits that the starting point for managing the 

process of transitioning toward a more sustainable system is the articulation of a vision.  

 

The visioning exercise adopted in the early stages of the UTS trial involved 15 team 

members across industry, government and academia jointly envisaging the challenges 

and opportunities of nutrient recovery/reuse across disciplinary perspectives and 

expertise. One critical outcome of the visioning process was an explicit identification of 

the intertwined components of the system and acknowledgement of the complexity 

associated with implementing UD in practice. As one member commented, ‘this project 
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is like a Trojan horse in about 53 dimensions’ (see Paper V for details of the visioning 

process). 

 

The process of envisaging a shared outlook for UD involved combining a ‘futures 

triangle’ (Inayatullah 2005) and a STEEP (Social, Technological, Economic, 

Environmental and Political) analysis (Morrison 1992). The ‘futures triangle’ required 

reflecting on the potential of UD from three perspectives: (1) in relation to the 

aspirations of UD (or what we aspire to in the future e.g. a close looped nutrient 

recovery system), (2) in relation to the pushes of UD (or the factors we can’t avoid e.g. 

declining availability of nutrients for agricultural production) and (3) the weights of the 

future (or the inertia of the existing environment e.g. regulations limiting the reuse of 

wastewater in agriculture). To ensure broad coverage within each of these categories 

of drivers, the STEEP framework was incorporated into the visioning process (see 

Figure 8) 

 

 
Figure 8 Template for envisioning the future of UD within the UTS project team using a 

combined Futures triangle and STEEP analysis 
 
Through the visioning process individual team members contributed their conceptions 

of a plausible future for UD and in the process translated these outcomes into relevant 

research questions based on their own expertise and professional interests. Table 4.1 

provides an example of the outcomes from the visioning process in the UTS trial.  
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The development of research questions in the UTS trial involved all team members in 

the project contributing to the identification of social, technological, economic, 

environmental and political (STEEP analysis) factors associated with ‘aspirations’, 

‘pushes’ and ‘weights’ of a future UD system (the futures triangle) regardless of 

disciplinary perspectives. Transdisciplinary perspectives were sought with input from 

engineers into social issues associated with trialling UD and conversely, social 

scientists providing input into the technological design of the trial. In this way 

disciplinary perspectives were shared and learning across disciplines facilitated. One 

industry partner in the UTS trial, discussing the value of transdisciplinary inquiry noted: 

 ‘… I came into the project with the knowledge in one area.  But it was great being able 

to share that with – and get input from other sides, be it the regulation side … the 

plumbing side … and even from the cleaner's point of view.  I think that worked really 

well in the trial and I gained a lot from it. Every area was covered’. 

 

An important outcome of the visioning process was the development of research 

questions for the project team. Discussion amongst team members resulted in the 

identification of the most relevant questions for the project team to be answered in the 

trial with the expertise available. For example, while all the project team agreed that an 

aspiration for the future of UD was to create an acceptable social environment for the 

reuse of urine in agricultural production, it was team members with experience in 

design that identified the need to engage the UTS community through visual 

communication strategies to address this aim. See Table 6 for ‘Outcomes of the 

visioning process in the UTS trial’.  
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Table 6 Outcomes of the visioning process in the UTS trial 

 
ASPIRATIONS 

 

 
PUSHES 

 

 
WEIGHTS 

 
RESEARCH QUESTIONS HOW WERE THE RESEARCH 

QUESTIONS ANSWERED? 

Social 

A social climate 
where UD and the 
reuse of urine in 
agriculture is 
acceptable 

Lack of 
knowledge about 
‘Peak 
Phosphorous’  

Cultural taboo in 
regard to the 
practices of 
toileting 

How do we engage the UTS 
community in ownership of 
the project and participation 
in the trial of UD systems?  

The visual communication strand and two 
design schools developed a range of 
systems diagrams, feedback tools and 
information packs for users of the UD 
systems 

Technical 

Successful retrofit 
and expansion of the 
scale of the UD 
experiment 

First generation 
technical issues 
of UD toilets 

Inappropriate 
infrastructure for 
retrofitting existing 
buildings with UD 

What kinds of operational 
issues need to be 
considered in retrofitting 
UTS buildings with UD? 

Industry partners conducted Australian 
standards testing of UDTs, stakeholder 
engagement strand conducted social 
research on functionality of UDTs with 
end-users, cleaners and plumbers 

Environmental 

Understanding of the 
environmental 
impacts of reusing 
urine in agriculture 

Declining 
phosphate rock 
resources 

Phosphorus seen 
as a pollutant 

What is the value of human 
urine as a source of plant 
nutrients with regard to 
phosphorus and the 
management of electrical 
conductivity? 

Pot trials were conducted with industry 
and academic partners to compare urine 
uptake in plants in comparison to 
conventional fertilisers 

Economic 
The establishment of 
a viable market for 
local uptake of urine 
as a nutrient source 

Volatile fertiliser 
prices 

No incentives 
N/A 

(Team members did not have the time, 
expertise or motivation to explore this 
field of inquiry) 

Political 

Supportive 
institutional 
arrangements that 
make UD feasible 

Lack of good 
precedents in the 
regulatory 
frameworks to 
support urine 
transport/reuse 

Society is overly 
wary of the health 
risks associated 
with the reuse of 
sewage 

How do existing regulatory 
requirements impact the 
development of the project 
and what would supportive 
regulatory arrangements 
look like? 

Government and academic partners 
explored existing policies that support 
and/or hinder transportation of urine and 
identified potential policy areas in need of 
law reform 
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4.6 Principles for managing socio-technical experiments for learning 

 
Drawn from evidence elicited from the UTS and YVW trials, a number of practical 

recommendations are provided that are of significance for managing socio-technical 

experiments for learning (see Papers IV and V for expanded version of principles):  

 

 Deliberately facilitate collaboration within project teams – To support cross-

disciplinary collaboration, strategic processes of engagement need to be 

designed into socio-technical experiments. In particular, adopting a STEEP 

visioning exercise helps members across multi-dimensional aspects of the 

system clarify their visions. The benefit of a STEEP analysis is that it also 

supports the process of community-oriented leadership by identifying areas of 

interest to individual members which can then be discussed in regard to 

responsibilities in leading areas of research.  

 

 Facilitate interaction and communication between multiple stakeholders – 

Communication and interaction across departments of large organisations 

trialling innovation is crucial to ensure learning is not confined within 

organisational units, thereby limiting the diversity of perspectives of the 

situation. Facilitating relationships between departments, quality of dialogue 

between participants and communication strategies to enable collective 

problem definition and identification are therefore critical. Communication and 

interaction should not be limited to organisational departments involved in 

trialling innovation but should seek to include external input from tradespeople 

installing the system, manufacturers and industry stakeholders involved in 

producing and regulating the system and importantly, the end-user who has 

practical knowledge of the day-to-day issues associated with use.  

 

 Adopt qualitative research tools in the translation of individual learning into 

organisational learning and change – Collaborative, engaging methods of 

qualitative research have been identified as valuable, not only for observing and 

capturing unexpected insights from stakeholders in socio-technical experiments 

but also for intervening in the system and applying this knowledge in practice. In 

the YVW trial for example collaborative forms of qualitative research supported 

the development of new organisational practices in managing socio-technical 

experiments. Interview data from both end-users and the project team was 

shared to reveal the need for new organisational practices in designing/ 
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managing future experiments for transdisciplinary learning (see Chapter 4 and 

Chapter 5). In the process of translating individual learning into organisational 

learning and change, a facilitated process of social interaction and collaboration 

provided the means of articulating the most significant issues of concern. It was 

then possible to collectively reflect on outcomes from the project and develop 

relevant recommendations for new organisational practices in designing/ 

managing future trials of innovative technologies. 

4.7 Contributions to research questions from this chapter 
 
What types of practices must be considered in the process of learning in socio-

technical experiments?  

 

Current transition literature, while stressing the importance of learning in socio-

technical experiments, does not provide guidance in how to facilitate learning in 

practice. In this chapter ‘practice’ takes a novel stance and refers not to the practices 

around the use of technology but rather the organisational practice associated with 

managing socio-technical experiments for learning. The two UD experiments in Sydney 

and Melbourne have highlighted how organisational practices are implicated in the 

process of learning in experiments. Two factors emerged from analysis of these BSTEs 

as critical: (1) the capacity of an organisation to learn through failure and (2) facilitated 

processes of communication and collaboration within project teams. In particular 

organisational practices to support communication and collaboration were identified as 

critical for facilitating both individual learning and organisational learning in socio-

technical experiments. 

 

What processes support co-creation and integration of different perspectives in socio-

technical experiments to enable learning about the potential of innovation from a 

human-centred perspective? 

 

Processes supporting the integration of different knowledge perspectives in socio-

technical experiments were identified in this chapter as those enabling quality 

relationships between participants trialling innovation. Designing for organisational 

learning within socio-technical experiments requires creating opportunities for 

meaningful dialogue between project team members and designing a social context in 

which cross-disciplinary actors can engage with and learn from each other when 

experimenting with innovation.  
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Conducive environments for social interaction and learning were identified as 

necessary for supporting project team members to ‘learn through failure’ and in the 

process avoid defensive reasoning (e.g. through appreciative processes of inquiry). 

Enabling processes for learning included strategies to support communication and 

collaboration in cross-disciplinary project teams, for example through envisioning 

processes and effective scales of interaction between the members of the project 
team. 
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CHAPTER 5 – FACILITATING TRANSDISCIPLINARY LEARNING 
 
 
5.1 Overview 
 
Previous chapters of this thesis have highlighted the complex relationship that exists 

between sanitation technologies, and users/consumers and managers/providers of 

these systems. Chapter 3 introduced ‘end-users and social practices’ in analysing the 

innovation process and Chapter 4 expanded the scope of analysis to investigate the 

organisational perspective associated with innovation in which project teams and 

organisational practices are implicated. This chapter adopts transdisciplinarity as an 

overarching theoretical framework to explore how these two different knowledge 

perspectives (of end-users and project teams) might be integrated in the management 

of socio-technical experiments for learning. In the following section a working definition 

of transdisciplinarity is formulated and then used to analyse how the UTS and YVW 

trials integrated knowledge perspectives of users and project teams in practice. 

Drawing on evidence from these two case studies, conclusions are drawn on ‘how to 

do’ transdisciplinary research by developing principles for co-creating practice-based 

knowledge and integrating and applying this knowledge in the management of socio-

technical experiments. 

 

5.2 Transdisciplinarity: theory and practice 

 
What is rarely highlighted in transition theory’s characterisation of ‘stakeholders’ in 

socio-technical experiments is the importance of the end-user of innovation and 

consideration of changing habits of practice that occur throughout the domestication 

process42 (Lie & Sorenson, 1996) (see Chapter 3 for further discussion). In 

implementing socio-technical experiments as transdisciplinary projects, transition 

theorists view scientists, experts and other stakeholders with competencies, legitimate 

interests, and available resources as having the greatest contribution to make in the 

co-creation of new knowledge (Scholz, Spoerri & Lang 2009). As Raven et al. (2010) 

assert, ‘a transdisciplinary approach [in socio-technical experiments] is one in which 

academics and practitioners co-produce new knowledge that is practically valuable and 

theoretically rich’.  

 
                                                 
42 The adoption of alternative technologies that require a divergence from conventional practices is not 
just about buying and installing them but also about integrating them in practice This is described by Lie 
and Sorenson as the domestication process (Lie & Sorenson 1996). 
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While transition scholars have distinguished transdisciplinary research as collaborative 

knowledge generation between scientists, researchers and other stakeholders (Raven, 

Van den Bosch & Weterings 2010; Scholz, Spoerri & Lang 2009), others have explicitly 

noted the need for engagement of individuals and communities. For example, Balsiger 

(2004) defines transdisciplinarity as collaboration with, and consideration of, the 

experiences of those people affected by the research. In reinforcing this view, Horlick-

Jones and Sime (2004, p.452) justify the need for collaboration with the broader 

community by suggesting that ‘engaging with spheres of practice and experience, and 

associated informal knowledges, provides access to both the real-world character of 

human reasoning and interaction, and with the affording and constraining nature of 

social and material contexts’.  

 

In this chapter I submit that end-users of innovation are critically important and need to 

be explicitly recognised within the concepts of ‘community’ in transdisciplinary 

research. Engaging and collaborating with end-users in socio-technical experiments 

has the potential to provide what Wickson et al. (2006, p.1051) term a ‘reality check’ for 

research processes and outcomes’ and has been an important characteristic of the 

transdisciplinary approach adopted in this thesis. The following section elaborates on 

how multiple knowledge perspectives have been implicated in UD trials in Sydney and 

Victoria. In particular, these multiple perspectives include the knowledge possessed by 

end-users of novel technology and the perspectives of the project teams managing 

socio-technical experiments. The UTS trial provides evidence of processes of 

transdisciplinary collaboration (inclusive of end-users) and the YVW trial provides 

insight into how the organisation developed processes to support the integration and 

application of these transdisciplinary perspectives in practice.  This chapter therefore 

aims to synthesise these different learning experiences into principles for adopting a 

human-centred approach to transition research which explicitly recognises the 

importance of people and practices across all levels of interaction. 

 

5.3 Transdisciplinarity: co-creating, integrating and applying knowledge 

 
Until recently there has been very little guidance on ‘how to do’ transdisciplinary 

research (Bammer 2012; Lang et al. 2012). While both theory and practice are 

important, more documentation of the practical issues associated with transdisciplinary 

research is needed to reveal how coordination among different types and levels of 

collaboration (e.g. among scholars, members of communities and organisations, 

agencies, and institutions) (Stokols 2006) might be supported in practice. The 
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challenges of co-creating and integrating different knowledge perspectives and the 

provision of guidance on how to design and implement effective transdisciplinary 

projects (e.g. socio-technical experiments) would benefit from a deeper investigation of 

practice.  

 

In this chapter insight into the process of co-creating and integrating different 

knowledge perspectives is drawn from an array of transdisciplinary models (e.g. Lang 

et al. 2012; Scholz et al. 2006; Stokols 2006; Wickson, Carew & Russell 2006). The 

characteristics of transdisciplinary research that appear to align across the literature 

are: (1) co-production of practice-based and transferable knowledge through 

collaborative research and (2) the integration and application of produced knowledge in 

practice.43  

 

Co-creating knowledge in collaborative research requires context-appropriate methods 

to draw together different stakeholders (i.e. people with a vested interest and a stake in 

collaborating) (Lang et al. 2012). In discussing the methodological issues associated 

with transdisciplinary research, Wickson et al., (2006) note that there is no single 

methodological approach for co-creating knowledge but rather the approach adopted 

should ideally respond to and reflect the problem and context under investigation. In 

this sense the methodology associated with transdisciplinary research is a dynamic 

and evolving one. The following section analyses the methods adopted in the UTS and 

YVW trials to co-create knowledge and how this knowledge was integrated and applied 

in practice. From this analysis, processes to engage with, integrate and apply 

transdisciplinary knowledge in socio-technical experiments of sanitation are generated.  

 
5.3.1 Co-creating and integrating knowledge in the UTS trial 

 
One of the overarching goals of the UTS trial was to reveal, respond to and learn to 

manage issues arising from the installation of UD systems. A process of 

transdisciplinary inquiry was used which involved engaging a range of stakeholders 

from government, industry and academia to collectively investigate the multi-

                                                 
43 While an acknowledged stage of transdisciplinary research necessarily involves collaborative problem 
framing and the building of a collaborative research team (Lang et al., 2012), this phase of 
transdisciplinary research has been briefly discussed in Papers IV and V. The focus of this chapter 
therefore, is specifically on the co-creation of practice-based knowledge and the integration and 
application of that knowledge in practice.    
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dimensional issues associated with trialling UD in practice (see Paper V for details on 

the project management team involved in the UTS trial).  

 

5.3.1.1 Managing transdisciplinary collaboration  
The way in which the UTS trial managed the process of transdisciplinary inquiry and 

the co-creation of knowledge was through overlapping and integrated strands of 

research. Five strands of research investigated in the UTS trial included research 

related to (1) technology, (2) visual communications design, (3) stakeholder 

engagement, and (4) regulations/institutions (see Paper V for details of research 

strands). Finally, (5) the integration strand of research took a whole-of-system 

approach and functioned as a steering mechanism, overseeing the project, identifying 

impediments in the process and facilitated areas of crossover between research 

strands (see Figure 9 for the planned organisation of research strands across three 

cycles of action research). 

 

 
Figure 9 Organisation of research strands across three cycles of action research (This 

image was prepared by Dena Fam for the successful grant application for the UTS trial, 

see Mitchell, Fam & Abeysuriya 2013) 

 
Learning in the UTS trial was dependent on the interconnection between different 

strands of disciplinary knowledge and expertise. For example, interaction between 

disciplines contributed to a holistic perspective in learning about the installation of the 

UD system, the analytical studies of urine and the agricultural trial (see Figure 5.2 for 

the full set of transdisciplinary learning outcomes in the UTS trial). This chapter does 
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not aim to detail all transdisciplinary learning in the UTS trial44, but rather to draw on 

and analyse the most relevant example for this chapter. The example of 

transdisciplinary learning focused on in this chapter is learning about ‘people and 

practices’ in which the technology, visual communications and stakeholder 

engagement strands of research were implicated (see the second column from the left 

in Figure 10). 

  

 
Figure 10 Representation of intertwined strands of research (horizontal axis) and 

learning outcomes (vertical axis) (This image was prepared by Dena Fam for the final 

report of the UTS trial, see Mitchell, Fam & Abeysuriya. 2013) 

 
5.3.1.2 Facilitating social interaction between end-users  

 
Initial cycles of research in this thesis revealed a lack of engagement with end-users in 

less successful trials of UD systems in Sweden (see Paper III and Chapter 3). The 

knowledge gained from Swedish experiences of trialling UD therefore contributed to the 

design of the UTS trial and the adoption of a user-centric focus. In particular, the 

relationship between the visual communications and stakeholder engagement strands 
                                                 
44 The details of other aspects of transdisciplinary learning in the UTS trial are provided in the final project 
report which is available at: http://www.isf.uts.edu.au/publications/Mitchelletal2013funny-dunny-pilot.pdf  
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of research contributed to the co-creation and integration of knowledge by end-users in 

the UTS trial. The visual communications team, closely aligned with stakeholder 

engagement in trialling UD technology, tasked themselves with creating highly visible 

and accessible tools that helped configure what system change might look and feel like 

for the everyday user. While other disciplines of design had significant roles to play in 

the retrofit of the technology (e.g. engineering and plumbing), visual communications 

design played a critical role in introducing the concept of urine diversion and the 

recovery and reuse of urine for end-users and collaborators in the trial.  

 

The strong connection between these two strands of research reflected the importance 

the project team placed on engaging end-users in the UD trial. The connection 

between the visual communications and end-user engagement strands of research 

also acknowledged the complexity of the problem space in which standards of comfort, 

cleanliness and convenience (Shove 2003) were disturbed and challenged for end-

users of UD systems. A range of socio-cultural barriers to the uptake of the system 

included the need to adopt new practices in using the toilets. These new practices 

required men to sit down to urinate and for users to consciously modify their behaviour 

in the placement of their bodies on the toilet seat, as well as the placement and amount 

of toilet paper used to reduce potential blockages of the system. Through the use of 

appropriate visual communication tools, team members in this strand of research 

sought to sensitise end-users to the new sanitation system and transform the meaning 

of familiar, everyday routines. In addition, design was used as a means to capture end-

user perspectives of using the system and implement feedback mechanisms in the 

washrooms through the use of the graffiti board (see Chapter 3 for details).  

 

Visual tools were developed by team members who advocated for the agency of 

design to facilitate transitions to sustainability (Lopes, Fam & Williams 2012). These 

tools were used not only to inform all participants about the ‘how and why’ of the 

system, but also to gather social data on perceived challenges, insights and reflections 

by end-users throughout the project. Chapter 3 provides specific detail and analysis of 

end-user feedback and how this information contributed to new knowledge of socio-

technical issues associated with trialling UD in practice. 

 

Integrating end-user perspectives of UD systems into the management of the project 

required sharing this information with the project team and acting on insights from end-

users in cycles of action research. One of the team members in the UTS trial, involved 
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in toilet design and manufacturing reflected, ‘I think [feedback from users] worked really 

well in the trial and I gained a lot from it.  Particularly, the commentary was great.  You 

are getting [information from end-users] that I don't often get involved with.  The … 

feedback and experience [gained] I thought was really important’. The qualitative 

nature of the data from end-users was novel for this particular collaborator who was 

more familiar with quantitative, anthropometric data conventionally used by toilet 

designers and manufacturers. While anthropometric data may be adequate for making 

improvements to the design of conventional flushing toilets, designing technological 

systems radically different from the mainstream requires consideration of values and 

perspectives of end-users in the everyday use of the technology. In the design of 

technological systems which demand established practices to change, qualitative 

methods of inquiry provided greater insight into the viability of the system in practice.  

 

Data collected from end-users on their perceptions of using the UD toilets was 

integrated and applied in the management of the UTS trial in cycles of action research. 

This involved first capturing end-user feedback on the challenges associated with using 

the system and then reflecting on and responding to this feedback in overcoming these 

challenges. For instance, it became apparent from commentary on the ‘graffiti board’45 

that there was a need to help users overcome frustrations and ‘accidents’ that occurred 

in using the system (e.g. blockages of the urine diversion pipe with misplaced faeces 

and toilet paper). Examples of frustration and the dynamics of these two types of 

‘accidents’, discussed in more detail below, illustrate the important role feedback from 

end-users in the UTS trial played in enabling the project team to adapt to emerging 

challenges in the practical use of the UD toilets. Without adaptation to end-user 

feedback on the challenges of using the system there is an increased risk that end-

users might reject the system altogether. 

 

5.3.1.3 Action research: responding to end-users’ feedback 

 
To sustain engagement of end-users in trialling innovation there is a need for timely 

response to challenges by end-users in using the system  For example, eight months 

into the UTS trial the incorrect installation of the second UD toilet model in the female 

toilet block created pooling of urine in the urine bowls (See Mitchell, Fam & Abeysuriya 

2013 for details). As a result of slow drainage of urine one frustrated participant 

commented, ‘I can’t cope with the drainage being so slow. I’m going to give up using 

                                                 
45 Details about the design and use of the graffiti board as a social research tool are detailed in Chapter 2 
and Chapter 3. 
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the UD loo as its driving me nuts!’ While the project team adapted to end-user 

feedback as quickly as possible and the problem of faulty installation was eventually 

rectified, the extended period of inconvenience in using the faulty system no doubt 

alienated some end-users from the trial, as the feedback suggests. While it can be 

expected that some participants will drop out of the trial, it is not only the need for 

adaptation to emerging challenges experienced by end-users but also timely response 

to their feedback that is required if sustained engagement and ongoing support and 

participation are to be ensured. 

 

The ‘accidents’ associated with the misplacement of faeces in using the UD toilets 

became a recurring topic of conversation in the early stages of the trial as users were 

learning to adapt to new practices in using the toilets. A documented conversation on 

the graffiti board between four end-users provided insight into how the issue of 

misplacement of faeces might be overcome, ‘Some poo ended up in the front section! 

(User 1), Yes poo got in the front section again (User 2). A bit of poo hit the back – 

yucky! (User 3). Is a special toilet brush needed? (User 4)’. What is valuable about this 

conversation is that it not only identifies a willingness by the participants to share 

intimate personal experiences and provides evidence that a number of users had the 

same experience, but also the conversation between the participants provided 

feedback on how the dilemma of misplaced faeces might be overcome. End-users’ 

willingness to overcome the personal and cultural taboo of discussing human faeces in 

a public space was surprising considering the faeco-phobic nature of many western 

societies (Winbad & Simpson-Herbert 2004). In response to this conversational 

feedback the project team sourced a toilet brush small enough to clean the urine pipe 

and left the cleaning implements in the toilet cubicle for users to manage any future 

accidents. 

 

The incorrect placement of used toilet paper became another issue of concern for 

users in the early stages of the trial. A conversation between end-users once again 

offered a way of overcoming this issue. ‘I have mistakenly put the toilet paper in the 

wrong place about 8 times so far in this trial. Is there a way of better designing the toilet 

to avoid this? It’s not so nice having to pull it out (User 1). I’d rather pick it up and wash 

my hands!  (User 2) I would at home but definitely not in a public toilet (User 3). 

Maybe the toilets need to come equipped with some (stylish) tongs next to the toilet 

brush so you don’t need to pull it out by hand (User 4)’. As discussed in Chapter 3, this 

process of conversational learning between users provided practical design advice on 
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how the system would be rendered more readily acceptable to users, for example by 

providing tools to manage the misplacement of toilet paper and faeces.  

 

The adaptation of the project team to end-user feedback occurred not only in providing 

technological additions to the system (e.g. the provision of cleaning implements) but 

also in the provision of educative materials. Feedback and questions from end-users in 

the both the UTS and YVW trials were integrated into visual communication tools, in 

particular the design of a ‘back of the toilet door’ poster to help end-users adapt to new 

practices in using the UD system (see Figure 5.3 Golden rules for using your urine 

diversion dunny). By the second month of the trial the issues of misplaced faeces and 

toilet paper became less frequent as end-users became more familiar with the system 

and the adoption of new practices. 

 

One of the valuable contributing factors in integrating and applying the co-created 

knowledge by end-users into practice was the experiential learning by members of the 

project team in using the system themselves. Project team members were encouraged 

to use and experience the UD toilets firsthand. Core members of the project team 

working in the same building as the UD trial experienced the same issues in using the 

UD toilets as end-users in the trial and became acutely aware of the need to provide 

ways for users to adapt to the system if they were to remain engaged in using the 

system. The process of co-creating knowledge in the UTS trial was therefore one in 

which experiences of using the system, by both end-users and the project team, 

contributed to integrating this knowledge into practice, for example through acting in 

response to feedback with appropriate socio-technical additions to the system, such as 

cleaning implements. 

 

As elaborated elsewhere in this thesis (see Chapter 3 and Paper VI), the participants in 

the UTS trial were a supportive sample of end-users particularly interested in 

sustainability and sustainable sanitation. The willingness of the majority of participants 

to persist in meeting the challenges of adopting first generation technology suggests 

the selection of an appropriate site and sample of supportive end-users is critical to 

consider in trialling innovation that challenges socio-cultural norms. The installation of 

UD systems in a more public setting, with end-users unfamiliar with each other and 

with little interest in the concept of sustainable sanitation, may not have provided such 

rich qualitative data as the sample of end-users in the UTS trial (see Paper VI). 
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Figure 11 Back of the toilet door poster used in the YVW and UTS (This image was 

designed by Dena Fam and Kumi Abeysuriya based on feedback from residents in the 

YVW trial, see Mitchell, Fam & Abeysuriya 2011) 

 

In contrast to the UTS trial, the project management team of the YVW trial did not have 

the opportunity to use UD systems themselves and were therefore dependent on 

residents’ feedback on how the UD systems functioned in practice. The context of the 

YVW trial, elaborated in the following section, provides an alternative perspective of the 

challenges of co-creating, integrating and applying knowledge from end-users.  

 

5.3.2 Integrating and applying knowledge in the YVW trial 

 
The process of co-creating and integrating multiple knowledge perspectives is not a 

traditional form of knowledge transfer from ‘science to practice’ (Lang et al. 2012). A 

transdisciplinary approach to research, in contrast to traditional forms of knowledge 

generation, focuses on integrating research results into societal practice by 

implementing evidence-based strategies generated throughout the research process 

itself (Lang et al. 2012). The challenge of transdisciplinary research is that it requires 

‘reconsidering and reconceptualising science from an activity that progressively 

advances certainty in knowledge to a “post-normal” view where the science enterprise 
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is systemic, synthetic, and humanist in approach’ (Talwar et al. 2011). This perspective 

of transdisciplinary research privileges people as participants and co-creators of 

knowledge in socio-technical experiments as the focus of inquiry and implies an 

evolving, responsive methodology aimed at creating change through practical 

outcomes. 

 

Integrating and applying end-user perspectives in the YVW trial proved challenging for 

the organisation as certain knowledge sources, for example engineering perspectives, 

have traditionally been privileged over others, such as end-user perspectives. While 

end-user perspectives in the YVW trial provided valuable feedback on the functionality 

of the technology and the management of the trial, a lack of necessary organisational 

structures within YVW meant feedback from end-users was not always acted upon. For 

instance, early insights from residents in the YVW trial revealed the perceived need for 

better management processes on-site. One household resident commented that the 

relative novelty of the trial in which the selected technologies had not been previously 

installed in Australia, would benefit from on-site inspection of the installation, ‘there's 

another thing you could do to help a lot of people out in the long run, [that] is to have 

…. an inspector or a clerk of works or whatever you like to call him, to come around 

and inspect the [plumbing].’  

 

Residents also identified the need for new processes of project management to deal 

with faulty plumbing installed by contracted tradespeople, which became an increasing 

issue of concern for YVW. In recognising the lack of experience of plumbers in 

installing UD systems, one concerned resident suggested there was need for an on-

site project manager to negotiate with plumbing contractors to ensure plumbing was 

adequately installed, ‘if I was running a project like this, I would probably look for 

somebody who … wasn’t a plumber, but who could do some negotiating. I’ve known 

that some of our neighbours have complained that there’ve been issues with work done 

when [residents] weren’t there, or work not being done when they thought it was going 

to be done … So I guess a project manager, somebody … who would be there just to 

go ‘now what do you want [done]?’  

 

Nearly six months elapsed between the provision of initial feedback from residents in 

post-installation interviews to the YVW project team, and their engagement of an on-

site auditor to deal with faulty plumbing. Describing the context in which the auditor was 

employed, one project team member commented, ‘there was poor work that was done 



115 
 

before we were onsite … We've had six plumbers working full time … over six months 

rectifying 20 … properties that [the contracted plumbers] had done prior to anyone from 

Yarra Valley [Water] carrying out … compliance work on them.  We've found some 

pretty poor work and pretty poor work practices’. While a number of factors contributed 

to poor work by contracted plumbers, including a lack of experience in installing UD 

systems, the point of this chapter is that end-users had a significant contribution to 

make in identifying these challenges but required paths for integrating this knowledge 

to practice within YVW. While there were mechanisms within YVW to transfer insight 

from residents to project team members, such as progress reporting that became a 

space to share the feedback from residents, the project team did not ‘hear’ and act on 

the residents’ insights and suggestions. 

 

The ability to act on end-user feedback in the YVW trial required project team members 

to recognise the value of end-users’ knowledge of the situation. In acknowledging the 

need to act on residents’ knowledge, one project manager commented before the 

learning evaluation workshop, ‘what I have learnt … is that [we need] different hands-

on knowledge of what it actually takes to get things done on the ground … the 

complexity of the situation that requires different knowledge’. In hindsight, 

acknowledging end-users’ experiences of contracted tradespeople would have 

identified faulty workmanship earlier and reduced the economic cost and significant 

inconvenience to residents.  

 

Co-creating knowledge with end-users in socio-technical experiments requires firstly, 

challenging preconceptions of what constitutes valid knowledge and secondly, 

developing organisational structures to act on end-user feedback. In fact these two 

issues are closely intertwined in that organisational structures to support 

transdisciplinary feedback from end-users are only created when a culture exists within 

the organisation that values such collaboration. For water utilities, traditional knowledge 

of water and sanitation systems is based on engineering traditions established in the 

early 20th century where expertise of these systems was predominantly technological in 

(Guest et al. 2009). Co-creating, integrating and applying end-users’ perspectives in 

socio-technical experiments therefore requires challenging the established view of 

specialist knowledge as the primary source of knowledge and instead consideration 

and value of practice-based knowledge.46 

 
                                                 
46 In relation to the YVW trial, practice-based knowledge would be the practical knowledge residents 
offered in using the system and dealing with contractors installing the technologies. 
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5.3.2.1 Organisational practices and end-user perspectives in the YVW trial  

 
In practice, integrating and applying residents’ feedback in the YVW trial required 

developing organisational structures that supported the translation of feedback from 

residents and YVW staff into action. This section details the process in which 

qualitative research was utilised to support project team members to evaluate the YVW 

trial and develop new organisational structures to manage future socio-technical 

experiments with closer engagement of end-users.  

 

This process of developing new organisational practices within YVW involved 

integrating and applying practice-based feedback on the trial in a two-stage process. 

Firstly, interviews with a range of stakeholders in the YVW trial (including residents, 

members of the project management team, contracted plumbers and myself as the 

research consultant) were conducted to gather, analyse and categorise the range of 

experiences, perceptions and learning from the project (see Chapter 2 for details on 

methodology for this project). Secondly, a workshop was organised to discuss the 

outcomes of the interviews and collaboratively develop new organisational practices to 

manage future trials of innovative technologies (see Figure 12. The process of 

integrating different knowledge sources into new organisational practices to manage 

future socio-technical experiments).  

 

The learning evaluation workshop involved translating individual learning experiences 

gained in the first stage of research into new organisational practices. The workshop 

process required team members to actively participate in a discussion about the 

interview data to identify what team members felt were the most significant learning 

experiences in the YVW trial. Project team members across departments of the 

organisation (e.g. members from departments of research and innovation, asset 

creation and community engagement) then debated the most relevant issues of 

concern for trialling innovation and then jointly translated these learning experiences 

into nine key recommendations and new organisational practices required for 

managing future experiments. Table 7 elaborates and demonstrates the breadth of 

outcomes that emerged from the research process. While some outcomes are more 

relevant this chapter than others, particular reference is made to the need for greater 

‘customer engagement’. Adopting appropriate communication tools and acting on 

residents’ feedback in a timely manner were explicitly identified as needing supportive 

organisational structures within YVW. 
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Collaborative, engaged methods of qualitative research, characteristic of 

transdisciplinary inquiry, provided a way, not only of capturing relevant knowledge 

sources (through interviews with residents and the project team) but also of facilitating 

the integration and application of these knowledge sources in the development of new 

organisational practices to support sustainable innovation within YVW (see Table 7).  

 

 

 

 

 
 
 

 

 

INTERVIEWS INVOLVED 

WORKSHOP INVOLVING 

 

 
Residents 

(end-users) 
Project 
team 

Plumbing 
Contractor 

Research 
consultant 

SYNTHESIS OF DATA Interviews synthesised into 23 themes in areas of community 
engagement, project design and project implementation 

DISSEMINATION OF 
FINDINGS 

Synthesis of data was disseminated to the project team 
through a briefing paper in preparation for the workshop  

Research 
consultants 

Project 
team 

DISCUSSION OF DATA Briefing paper and findings from interviews 
jointly discussed by the project team   

KEY THEMES IDENTIFIED The project team prioritised 9 key issues to 
consider in designing/managing future trials   

STAGE 1: SEMI-STRUCTURED INTERVIEWS AND ANALYSIS 

STAGE 2: LEARNING EVALUATION WORKSHOP 

INTEGRATION OF LEARNING  
           INTO PRACTICE 

Collaborative input by the project team into 
developing new organisational practices to 
manage future socio-technical experiments 

Figure 12 The process of integrating different knowledge sources into new organisational 

practices to manage future socio-technical experiments 
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 Table 7 Significant themes, categories and recommendations for action in the 

YVW trial 

 
 
 
 

THEMES 
 

CATEGORIES AND RECOMMENDATIONS FOR ACTION 
 

Customer 
engagement 

themes 

Clarifying legal rights of YVW staff and residents  
 Ensure clear rights and obligations with supporting legal 

documentation 
Informing residents about the challenges of trialling 
innovation (YVW & water sector)  

 Use relevant expertise to engage customers within organisation 
 Focus on end-to-end customer experience 

Adopting appropriate communication tools  
 Track communications and review communications strategy 

regularly 
 Listen to community and make timely response 

Project 
implementation 

themes 

Proactive community engagement  
 Have regular physical presence on site, e.g. a designated 

project manager  
 Work in partnership with community, feedback with both 

positive & negative implications to the project team  
Coordinating plumbers, builders and home owners  

 Develop detailed property plan 
 Close management/supervision of on-site personnel with 

required skills  

Project 
management 

themes 

Processes for reflective feedback  
 Get external project evaluation/peer review, input from senior 

management 
 Have regular team meetings, identify key decision points and 

‘back out’ clauses 
Taking ownership of the project, whose responsibility is it?  

 Establish project owner as well as project manager 
 Clarify accountabilities and interactions with established YVW 

processes   
Understanding pros and cons of new technology 

 Have clear supply contracts, staff training, performance 
monitoring  

 Elicit community feedback, be open to change, pre-pilot to 
identify problems before upscaling 

 Allow greater flexibility within existing organisational 
structures/processes 

Pre-piloting technologies to iron out the kinks  
 Check references and research technologies in preplanning 

stages 
 Trial components separately if possible, respond decisively on 

findings 
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5.4 Practice, learning and change in the UTS and YVW trials 
 
This chapter has been a synthesis of insights gained from my experience in managing 

and researching the introduction of UD systems in Sydney and Victoria. Previous 

chapters have discussed the importance of individual learning, social learning and 

organisational learning in socio-technical experiments. The synthesis of this chapter in 

the following section is an explication of key principles revealed in the UTS and YVW 

trials for co-creating, integrating and applying knowledge in the design and 

management of socio-technical experiments for learning. 

 
Drawing on the UTS and YVW trials of UD systems, principles for designing 

transdisciplinary experiments of sanitation systems are presented below. These 

principles focus on two distinct phases, (1) the co-creation of practice-based 

knowledge and (2) the integration and application of this knowledge in practice.  

 
5.4.1 Principles for co-creating practice-based knowledge 

 
Engage a supportive sample of end-users to contribute feedback on experiments 

Evidence from the UTS and YVW trials suggests end-users with an intrinsic motivation 

to trial sustainable innovation tended to participate more openly in sharing their 

insights, reflections and challenges of using the system. Selecting a supportive sample 

of end-users in socio-technical experiments is therefore an important issue to consider 

in gaining insight on the viability of the system in practice. This shows the value of 

engaging end-users who are sympathetic to trialling sustainable innovation, willing to 

be involved in the process of trial and error and able to accommodate the 

inconvenience of using first generation technology. In addition, gaining constructive 

feedback on how the technological system functions in practice requires end-users to 

formulate open-ended conversational responses and feedback. 

Support social interaction between end-users in a process of social learning 

As discussed in Chapter 3, social learning between end-users has the potential to 

contribute to normalising new practices not only in relation to the use of the new 

technology itself, but also in terms of acceptance of the technological system more 

broadly (see Chapter 3 and Paper VI). In both the UTS and YVW trials the process of 

‘social learning’ by end-users involved sharing experiences and interpretations of using 

UD systems with other participants in the trial. Social learning occurred through both 

formal processes of interaction such as the use of the ‘graffiti board’ in the UTS trial 
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and informal processes such as impromptu conversations between neighbours in the 

YVW trial. Project managers might better facilitate social interaction between 

participants by developing communication structures within and between socio-

technical experiments that support conversation, debate and social interaction between 

end-users. This may involve organising community engagement events where 

individual perspectives can be shared rather than leaving social interaction between 

participants to chance impromptu conversations.  

 

Develop appropriate strategies to elicit feedback from end-users trialling innovation  

While end-users have the potential to provide valuable feedback on the use and 

management of socio-technical experiments, appropriate tools of engagement are 

required for the context under investigation. For example, the intimate nature of trialling 

alternative sanitation options requires careful consideration of the kinds of strategies 

appropriate for eliciting feedback on personal intimate practices of end-users. Social 

research tools used in the UTS trial included anonymous on-line surveys and feedback 

mechanisms (e.g. graffiti board) to enable anonymity of end-user feedback on toilet 

practices.47 It is interesting to note (evidenced by the reference to feedback in this 

chapter in Section 5.3.1) that female end-users in the UTS trial were not inhibited or 

constrained in discussing culturally tabooed subjects such as menstruation, faecal 

contamination of UD systems and urination. Based on evidence provided in the UTS 

trial, my proposition is that open discussion of tabooed subjects by end-users was due 

to two reinforcing factors: the supportive sample of end-users that participated in the 

UTS trial (as discussed in the first principle for co-creating knowledge in this chapter) 

and the use of social research tools that maintained anonymity of participants in 

providing feedback.  

 

Encourage experiential learning by the project team managing the experiment 

To enable them to appreciate the challenges end-users face in adopting new practices, 

it is important to encourage the project team managing experiments to experience 

using the system themselves. One of the contributing factors in co-creating knowledge 

in the UTS trial was experiential learning by members of the project team in using UD 

systems. While all members of the project team were encouraged to use the UD 

systems, the core team working in closest proximity to the trial had a greater 

appreciation for the challenges end-users faced in using UD systems. In addition they 

                                                 
47 As discussed in Chapter 2, there was the potential to identify participants’ feedback on the graffiti board 
through recognition of handwriting but the overarching aim of the graffiti board was to ensure anonymous 
feedback. 
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were able to quickly respond to emerging ‘accidents’ and frustrations as they occurred 

in a process of action research. Situating experiments in a location where the project 

team is able to experience the system firsthand and respond to feedback in a timely 

manner may be beneficial in trialling alternative systems of sanitation and in the 

process position the project team as end-users of the system.  

 

Adopt an action research orientation in responding to end-users’ feedback  

Co-creating knowledge in collaboration with end-users has the potential to contribute to 

learning about the viability of innovation in practice and consequently shape the 

development of experiments based on their feedback. As discussed previously in this 

chapter, acting on feedback from end-users in the UTS trial contributed to increased 

social acceptability of the UD system (e.g. by adding tools, such as cleaning 

implements and educative material to overcome accidents). There is not only the need 

for the project team to adapt to end-users’ feedback but also a need for timely 

response to feedback so that end-users feel that they have a contribution to make and 

that their feedback matters. These two factors were identified in both the UTS and 

YVW trials as necessary for engaging end-users in trialling innovation and ensuring 

their long-term support and participation. To manage emerging challenges in using 

innovation, it is therefore beneficial to adopt a visible action research orientation in 

response to end-users’ feedback by acting on feedback in a way that enables 

participants to see and experience the outcomes of action research. 

 

Promote the value of ‘learning through failure’ 

While the overarching purpose of socio-technical experiments is to foster learning 

through trial and error (Van De Kerkhof & Wieczorek 2005), traditional managerial 

emphasis on failure avoidance (Sitkin 1992) makes it challenging for some 

organisations to learn through failure. Being explicit with both project management 

teams and end-users about the challenges of trialling innovation provides realistic 

expectations in socio-technical experiments. For example, openly discussing the need 

to ‘skin our knees’ in the UTS trial supported a culture within the project team in which 

failure was valued as learning experience rather than an experience to be avoided (see 

Chapter 4). There is therefore a need to promote the value of learning through failure 

not only within the organisation managing the experiment (see Chapter 4) but also with 

a broader set of collaborators and participants involved in trialling innovation.  
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5.4.2 Principles for integrating practice-based knowledge 

 
Adopt reflective processes of management in socio-technical experiments 

Reflective processes of management provide a way of evaluating changing 

circumstances in socio-technical experiments and require management strategies that 

accommodate uncertainty, and organisational cultures that embrace experimentation 

and learning. In the UTS trial reflective management was achieved by adopting cycles 

of action research in which feedback from end-users and the project management 

team was acted upon in a continuous cycle of learning. Without the adoption of action 

research as a tool for reflective management, challenges associated with the use and 

management of UD systems may have been perceived as equating to failure rather 

than as an indication that UD systems require socio-technical modifications to be more 

socially acceptable.  

 
Adopt collaborative qualitative social research methods to observe and intervene in the 

system 

The proposition that social science has a significant role to play in the governance of 

innovation in sanitation (Van Vliet, Spaargaren & Oosterveer 2011) underpins the 

approach taken by project team members in both the UTS and YVW trials. In both trials 

collaborative, engaging qualitative social research methods provided a way of 

capturing feedback from end-users and project members on the challenges of using 

and managing UD systems and in the process they enabled learning. Social research 

was not adopted solely as a form of observation in these circumstances but also as a 

valuable tool for intervening in the system and identifying how UD systems might be 

more widely accepted and appropriately managed in future trials. The YVW trial for 

example provided evidence of the potential for collaborative forms of qualitative 

research to support the development of new organisational practices in managing 

socio-technical experiments. (see Chapter 4 for further details).  

 

Translate individual learning into organisational learning and action  

For transdisciplinary inquiry to contribute to the transformation of a situation, there is a 

need to translate co-created knowledge (and individual learning experiences) into 

tangible outcomes that influence others, for example in the development of new 

organisational practices and strategies to manage the situation/experiment in practice. 

In the YVW trial the translation of individual learning into organisational learning and 

action was achieved by engaging the project team to collaboratively discuss individual 

learning experiences and to identify new organisational practices for managing future 



123 
 

trials of innovative systems. This process required engaging with practice-based 

knowledge by those with firsthand experience in using and managing UD systems, 

including end-users and project team members.  

 

5.5 Contributions to the research questions  

 
In this chapter I have sought to answer my final research question in this thesis: What 

processes support co-creation and integration of different perspectives in socio-

technical experiments to enable learning about the potential of innovation from a 

human-centred perspective? 

 

The principles in the preceding section of this chapter are a synthesis and collation of 

the key processes for supporting the co-creation and integration of different knowledge 

perspectives. They are based on experiences gained in the UTS and YVW trials and 

are closely interconnected with each other. For example, the adoption of collaborative 

qualitative research methods has contributed to the translation of individual learning 

into organisational learning and change, cycles of action research have been 

instrumental to the process of reflective management in both trials, and encouraging 

experiential learning amongst and between end-users and the project management 

team has contributed to greater understanding of the value of learning through failure. 

These processes are discussed in further detail in Chapters 3 and 4. 
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CHAPTER 6 – CONCLUSION 
_____________________________________________________________________ 

 

6.1 Overview 

 
The concluding chapter of this thesis discusses the intention of this doctoral research 

to create change toward sustainable sanitation, presents answers to the key research 

questions, provides a reflection on how the research has contributed to new knowledge 

and presents recommendations for further research. This concluding chapter not only 

synthesises this research in regard to its academic contributions to new knowledge but 

also reflects on two levels of contribution: the contribution to sustainable sanitation 

practice and the contribution to transition research practice. The final section of this 

chapter therefore details multiple outcomes that have occurred as a result of this 

research beyond the academic output of the doctoral thesis. The concept of 

transdisciplinary outcome spaces (Mitchell 2009) has been useful in articulating the 

multiple outcomes from this research, which has included the occurrence of (1) mutual 

learning between myself as the researcher and involved participants, (2) change within 

the situation investigated (transitions in sanitation) and (3) the generation of relevant 

stocks and flows of knowledge beyond the thesis. 

 

6.2 The intention and summary of this research  

 
The intent of this research was to take ‘people’ and ‘practices’ as the focus of inquiry in 

analysing transitions in sanitation. This human-centred perspective of transitions was 

achieved by analysing the emergence and development of innovation in sanitation 

across three cycles of research. Cycle 1 involved investigating the historical 

emergence and development of sanitation in Sydney and Melbourne to determine the 

intertwined factors (including social, technological, political, environmental, and 

economic factors) driving historical transitions in sanitation. In Cycle 2, the investigation 

of the emergence of leading edge practice in Sweden (e.g. UD), revealed the 

importance of engaging end-users in trialling UD. Learning from earlier cycles of 

research contributed to the design and development of Cycle 3 which investigated the 

design and management of UD trials in two case studies in Australia.  

 

In analysing transition dynamics across these cycles of research, end-users implicated 

in using innovation and project team members implicated in managing the introduction 
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of innovation were identified as critical stakeholders to engage in the design of socio-

technical experiments. While there has been research focused on end-users of 

innovation (Rogers 2003), research highlighting the dynamics of project teams (Brown 

& Vergragt 2008) and research into the importance of project management in 

experiments (De Bruijne et al. 2010), the integration of these very different, yet highly 

relevant perspectives, has been lacking in transition research. This thesis has therefore 

aimed firstly, to capture these three intertwined perspectives on trialling innovation and 

then to integrate them into principles for managing the design of socio-technical 

experiments for learning. The chapters and published papers that constitute this thesis 

document the chronological investigation of transitions in sanitation and the process 

and thinking involved in integrating these two perspectives (e.g. of end-users and the 

project team) as a key contribution to new knowledge in this thesis. 

 

The investigation into human-centred approaches to transitions initially focused on end-

users of innovation and how end-users are involved in ‘transitions in practice’ (see 

Chapter 3, Paper III and Paper VI). Practice theory was adopted as a theoretical frame 

to analyse the complex relationship between the introduction of new sanitation 

technologies and their uptake by users/consumers. This involved analysing how 

established practices influenced the successful uptake of new technological systems 

and how new practices emerge and are sustained in the process. To date the use of 

practice theory in academic research has primarily focused on how routines and 

practices are produced and reproduced rather than on how novel practices might be 

encouraged or facilitated to support sustainable innovation (Shove 2012). Drawing on 

evidence from Australian case studies and lessons learned from Swedish experiences 

in trialling UD systems, challenges for users adopting new practices (in the use of UD 

systems) and potential strategies to support the emergence of new practices were 

generated (elaborated in this chapter in Section 6.4).  

 

In gaining firsthand experience of the introduction of UD systems in Australia through 

managing and researching the UTS and YVW trials, I became acutely aware that it was 

not only the end-user of innovation that was implicated in the successful uptake and 

diffusion of UD systems but also the project team managing the trial. In fact the 

interaction and relationship between these two key sets of actors in socio-technical 

experiments proved to be critical for learning about the viability of innovation in 

practice. Chapter 4 therefore expanded the scope of analysis on people and practices 

to explore how project teams managing the introduction of innovative technologies 
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learn through transdisciplinary collaboration in socio-technical experiments (see also 

Papers IV and V). Social learning approaches such as organisational learning and 

Communities of Practice were adopted to analyse the relationship and modes of 

dialogue between project team members managing socio-technical experiments for 

learning. 

 

What tends to be emphasised in transition literature is the importance of documentation 

and reporting to capture the outcomes of social learning in experiments (De Bruijne et 

al. 2010) rather than insights into how to facilitate social learning in practice. This 

chapter makes a significant contribution to the knowledge gap on how to facilitate 

social learning based on evidence from the two Australian case studies. From the 

analysis of UD trials in Australia I have claimed and provided evidence for social 

learning as a central component in experiments and identified enabling processes and 

environments for such learning to occur (elaborated in this chapter in Section 6.4).  

 

The final stages of my doctoral research analysed how it is necessary to engage end-

users and project teams to learn about the viability of innovation in practice. What I 

began to recognise was that these different perspectives were interconnected in 

learning about the viability of innovation in sanitation. A natural progression for this 

research was to articulate how these different perspectives could be deliberately co-

created, integrated and applied in the design, planning and management of 

experiments for learning. A transdisciplinary framework of inquiry was therefore 

adopted to reveal the complex relationships between sanitation technologies, and the 

users/consumers and managers/providers of these systems (see Chapter 5). In 

contrast to traditional forms of knowledge generation, transdisciplinarity focuses on 

integrating research results into societal practice by implementing evidence-based 

strategies generated throughout the research process itself. The outcome of engaging 

end-user and project team perspectives in trialling UD in a process of transdisciplinary 

inquiry was the development of principles for designing experiments to ensure multiple 

knowledge sources (inclusive of end-users) were generated (this is elaborated on in 

the following section). 

 
6.3 Contributions to the research questions 

 
As implied in the previous section the key research questions in this thesis evolved 

during the research process. It became apparent as data emerged that it was not 

enough merely to question how human-centred approaches might improve the design, 
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planning and management of socio-technical experiments; it was also necessary to 

investigate what types of people and practices were implicated in the process, and how 

they were implicated. In identifying the key people and practices (e.g. end-users and 

project team members), the final research question fundamentally drew together 

findings from previous research questions. The final research question provides insight 

into how these different perspectives contribute to co-creating, integrating and applying 

relevant knowledge in the design and management of socio-technical experiments for 

learning and the development of sustainable sanitation systems more specifically. The 

present section expands on each of these research questions individually and provides 

an argument for their importance and inclusion in this research. 

 
How are transitions to sustainability improved through a human-centred approach to 

designing, planning and managing socio-technical experiments? 

 

My interest in innovation in sanitation, in particular UD, led to an investigation of how 

successful UD had been internationally.  To my surprise, high profile UD installations in 

Sweden widely reported as successful had been dismantled (see Paper III). Research 

in Sweden included on-site observation and interviews with key actors involved in 

Swedish UD installations, and revealed that end-users had not always been engaged 

in the process (see Chapter 3). While UD systems offer the potential for recovery and 

reuse of urine in more economically and environmentally sustainable ways than 

conventional systems, UD systems are still in the early stages of development and rely 

on the acceptance and adoption of new practices by end-users for the system to be 

successful.  

 

UD trials in Australia revealed that engaging end-users (not only toilet users but also 

plumbers, and cleaning and maintenance personnel) in the early planning stages of 

socio-technical experiments, provides a way of determining any apprehensions end-

users may have in using and/or managing the system. In addition, during the design 

and management phases of socio-technical experiments, feedback from end-users 

offers a way of identifying the challenges and opportunities of the system in practice 

while revealing the viability of up-scaling the system beyond a small-scale experiment. 

For example, end-users in both the UTS and YVW trials identified strategies to address 

barriers to the adoption of UD systems (see Chapter 3), provided feedback on the 

management of installations (see Chapter 5) and importantly provided practice design 

advice on how UD systems might be more widely accepted (see Chapter 3). In short, 
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end-users provided a firsthand perspective on the viability of the particular ‘transition in 

practice’. 

As the uptake of UD toilets requires the adoption of new practices in using the system, 

the second research question delved deeper into the area of human-centred 

approaches to transitions by investigating ‘practices’ and how emerging practices might 

be supported in socio-technical experiments.  

 

How are emerging practices supported in socio-technical experiments? 

 

In trialling innovations such as UD which require the adoption of new practices, this 

research revealed that conversation, debate and social interaction between end-users 

supported the emergence of new practices in using UD systems. In both the UTS and 

YVW trials communication between participants about the challenges of adopting UD 

toilets and new practices occurred. In the UTS trial in particular, communication 

supported participants in negotiating the tension between old, established practices 

and the emergence of new, fragile practices (see Chapter 3 and Paper VI). In 

considering how socio-technical experiments might be designed to facilitate the 

emergence of new practices, methods that encourage and sustain social interaction 

provide some insight. Providing the opportunity for participants of experiments to 

discuss the challenges of trialling novel technologies with others, and in the process 

normalise48 their experience of new practices, has proven to be useful in the UTS trial. 

Even without deliberate facilitation of interaction between end-users involved in trialling 

UD systems in the YVW trial, social interaction and communication about how to 

support emerging practices occurred through conversations between neighbours (see 

Chapter 3). 

 

This question of how emerging practices are supported in socio-technical experiments 

has been answered in relation to the end-user perspective on ‘practice’ (e.g. social 

practices related to using innovation).  In the UTS and YVW trials it became apparent 

that other types of practices were implicated in the trial of innovation. In particular, 

organisational practices were identified as necessary practices to consider as 

established organisational practices have the potential to either inhibit or support the 

process of learning in experiments. The third research question in this thesis therefore 

asks what types of practices it is necessary to consider if socio-technical experiments 

                                                 
48 The methods adopted in the UTS trial in particular, through the use of the graffiti board, enabled a way 
of accessing a rich collaborative perspective on what ‘normalisation’ of new practices might entail.  
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are to be designed as sites for social learning and contribute to transitions to 

sustainable sanitation.   

 

What types of ‘practices’ are necessary to consider in the process of learning in socio-

technical experiments?  

 

In this thesis ‘practice’ is identified not only in regard to the practices around the use of 

technology (e.g. relating to social practices), but also in regard to managing socio-

technical experiments for learning (e.g. implicating organisational practices). In fact 

evidence from the YVW trial in particular has highlighted that these two types of 

practices have been intertwined and interconnected in trialling UD. For organisations 

such as water utilities (e.g. YVW) with established organisational practices and 

procedures for implementing conventional projects and established technologies, 

trialling emerging technologies can present new challenges. For YVW, established 

organisational practices tended to limit communication between departments of the 

organisation where knowledge transfer mechanisms were not in place (see Chapter 4). 

Established organisational practices in this case negatively impacted the YVW trial as 

existing communication expectations and channels within the organisation did not allow 

for sharing learning across different departments of the organisation. 

 

Trialling emerging technologies requires the development of communication structures 

across multiple aspects of the system, and between multiple actors. This requires 

organisational practices within project teams that support interaction between different 

perspectives, inclusive of end-users. This raises the question of how to integrate these 

perspectives in practice. The fourth and final research question of this thesis therefore 

explores what processes support the co-creation and integration of different 

perspectives in experiments which examine the viability and potential for transitions to 

sustainable sanitation.   

 

What processes support co-creation and integration of different perspectives in socio-

technical experiments to enable learning about the potential of innovation from a 

human-centred perspective? 

 

Processes supporting the co-creation and integration of different knowledge 

perspectives in socio-technical experiments were identified as those enabling quality 

relationships between those using the systems (the end-users) and those managing 
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the system (the project team members) (see Chapter 5). In regard to the project team 

managing the system, designing experiments for learning requires designing 

opportunities for meaningful dialogue between and amongst project team members. It 

also involves paying attention to the social context in which cross-disciplinary actors 

engage with and learn from each other.  

 

Creating environments that are conducive for social interaction and learning was 

identified as necessary to support project team members to ‘learn through failure’ (an 

inherent characteristic of learning about emerging technologies in practice) and in the 

process avoid defensive reasoning through appreciative processes of inquiry (see 

Paper IV). In addition, enabling processes for learning identified in the UTS trial 

included those that support communication and collaboration in cross-disciplinary 

project teams, for example through envisioning processes and effective scales of 

interaction between the members of the project team (see Paper V). 

 

In regard to end-users of the system, designing socio-technical experiments for co-

creating knowledge has been found to benefit from the selection of a sample of end-

users sympathetic to trialling sustainable innovation and willing to provide feedback on 

their experiences of using the system in practice (see Chapter 3 and Chapter 5). In 

designing mechanisms to facilitate feedback from end-users in the UTS trial the 

process of social learning between end-users not only provided the project 

management team with a record of conversational learning but also gave end-users an 

opportunity to share and normalise their experiences in conversation with others.  

 

In addition to experiential learning by end-users, providing the opportunity for the 

project management team to experience using the system themselves increases the 

potential for appreciating the challenges faced by end-users in trialling alternative 

sanitation options. Consequently, responding to and acting on feedback from end-

users in a process of action research is reinforced and understood through team 

members’ own experiences of using the system. Reflecting on feedback from different 

stakeholders helps to evaluate changing circumstances and identify areas in which 

action needs to occur.   

 

Finally, collaborative forms of qualitative social research are valuable in contributing to 

the co-creation and integration of knowledge in socio-technical experiments. In the 

UTS and YVW trials this involved designing opportunities for sharing experiences of 
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both using and managing UD systems between and amongst end-users and the project 

team. In translating these individual learning experiences into organisational learning 

and change, a process to share results from qualitative research that both identifies 

significant learning experiences and supports the collaborative development of new 

practices for managing innovative technologies is required (see Chapter 5 and Paper 

IV). 

 

In answering these key research questions, contributions to new knowledge in the field 

of transition research, in particular in the design and management of socio-technical 

experiments for learning, have been identified and these contributions are discussed in 

the following section. 

 

6.4 Contributions to new knowledge 

 
Contributions to new knowledge as a result of this thesis span praxis (both theory and 

practice) and methodology.  

 

 Contributions to praxis include the identification of the multi-level perspective 

(MLP) as a potential visioning tool in socio-technical experiments (see Paper II) 

and evidence for the integration of social practice theory in transition research 

(see Paper VI). In addition development of principles to support social learning 

in experiments (see Papers IV and V) and the recognition that a ‘social space’ 

is required in designing experiments to ensure a supportive sample of end-

users are engaged in the process (see Paper VI).  

 

 Methodological contributions include the identification and application of a 

cumulative staged approach to research on transitions through the use of 

multiple case studies (see Chapter 2) and the value and validity of qualitative 

social research in facilitating the emergence of new practices (see Paper VI).  

 

These multifaceted contributions to new knowledge are elaborated in the following 

subsections. 

 

6.4.1 Contributions to praxis 

 
Identification of the Multi-Level Perspective (MLP) as a potential futures visioning tool 
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While the process of envisioning a sustainable system of innovation in collaboration 

with relevant stakeholders is noted by transition scholars as a necessary step in 

facilitating transitions to sustainability (Berkhout 2006), there are few examples of the 

visioning process itself. The identification of the MLP as a potential visioning tool fills 

this knowledge gap. 

 

The MLP was presented in this thesis as a prospective visioning tool for futures 

research (in contrast to the conventional use of the MLP as a retrospective method of 

analysing transitions). The MLP was identified as a method for envisioning a preferred 

future in socio-technical experiments but as yet, has not been presented in transition 

literature or research (see Paper II). What the MLP potentially provides is a way of 

envisioning the future, by collaboratively facilitating participants to identify the drivers 

(landscape factors), perceived barriers (regime/landscape factors) and aspirations or 

images for a preferred future (expectations of a niche system). The MLP has the 

potential therefore to engage participants to map the competing dimensions of a 

purposeful transition to sustainability (at the landscape, regime and niche levels). 

Based on Inayatullah’s (2005) ‘futures triangle’, this visioning process supports 

participants to articulate, from their own perspective, how preferred visions of the future 

are influenced by more than just the trajectory of existing trends but are also created by 

emerging processes and hindered by historical patterns. 

 

Paper II elaborates on the identification of the MLP as a potential visioning tool 

whereby participants envisioning a preferred sanitation future in Melbourne responded 

to a futures visioning process – the futures triangle. The ‘Futures Triangle’ requires 

participants to map the pushes, pulls, and weights that determine the shape of 

plausible futures (Inayatullah 2005). ‘Pushes’ refers to influences or factors that we 

cannot avoid, ‘pulls’ refers to our aspirations of a future system and  ‘weights’ refers to 

existing structures and processes with significant momentum or inertia that could 

influence the shape of a preferable future. In analysing the responses from participants 

involved in the visioning process a strong correlation was evident between the Futures 

Triangle and the Multi-Level Perspective (MLP). For example, responses from 

participants that corresponded to ‘weights’ of the future were related primarily to 

regime-level factors that constrained/enabled the development of sustainable solutions 

(e.g., institutional inertia, linear thinking and short-term thinking). Responses to the 

‘push’ of the future related to categories primarily associated with landscape factors 

(e.g. population and demographic shifts, changing community expectations in relation 
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to a sustainable future). ‘Pulls’ of the future were closely related to aspirations about 

the future and although not directly related to the niche level of the MLP, were related 

to the functions the niche-based approach should provide. Inayatullah’s (2005) 

visioning tool (the futures triangle) provides a method of developing expectations of the 

future and moves beyond purely predictive aspirations to a more critical reflection of a 

future state. What I am suggesting is that the MLP provides a potential path to 

envisioning the future in transition experiments by adapting the futures triangle to 

reference, landscape, regime and niche associations. 

 

Integration of practice theory in the design of socio-technical experiments 

While there have been scholars who have called for the inclusion of social practice 

theory in the analysis of sustainability transitions (Hargreaves et al. 2011, Hargreaves 

et al. 2013) and have noted the potential for using practice theory in transition research 

(Shove 2012), a lack of integration of practice theory in transition research in practice 

exists. As the dates on Hargreaves et al’s and Shove’s studies attest, my application of 

practice theory to transition research was already underway by the time theoretical 

scholars from the two schools of practice theory (Hargreaves and Shove) began to 

debate the value of bringing these concepts together. This thesis provides preliminary 

findings of how practice theory might be integrated in transdisciplinary inquiry into 

transitions and what the implications are for the inquiry process and outcomes. 

 

The value of integrating practice theory into the design of socio-technical experiments 

was identified in this thesis in the design of the UTS trial which explored how new 

practices for trialling innovation might be facilitated (see Chapter 3). This required 

considering the elements that constitute a practice which included how the user 

integrates materials (i.e. the toilet pedestal, toilet paper, water and flushing 

mechanism), skills (i.e. how to sit on the toilet to separate urine and faeces, how to 

place the paper in the back bowl) and/or images (i.e. expectations of freshness, 

odourlessness, cleanliness, removal efficiency and sewage-free interaction with the 

toilet) in using UD toilets. As discussed in Chapter 3, this doctoral research provides 

evidence for how practice theory might be integrated into the design of socio-technical 

experiments to support the emergence of new practices and therefore better facilitate 

transitions toward sustainability in practice (see Paper VI). This was achieved by 

adopting qualitative methods of inquiry to capture these insights from end-users and 

the relationship between end-users’ perceptions of materials, skills and images in using 

UD systems (the process of using qualitative research to facilitate the emergence of 
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new practices is discussed in Section 6.5.3 of this chapter).  I have demonstrated the 

importance of supporting the emergence of new practices in the design of sanitation 

systems such as UD which require end-users to change embedded toilet practices. 

 

Creation of a ‘social space’ in socio-technical experiments 

While the concept of a ‘protected space’ has been defined by transition theorists as a 

‘financial space, organisational space, (transition) management space, mental space, 

juridical and geographical space’ (Van Den Bosch 2010, p.75), this thesis has identified 

that a ‘social space’ is an additional and equally important space to consider. In 

expanding the definition of socio-technical experiments as spaces for shielding, 

nurturing and empowering innovation (Smith & Raven 2012), this thesis argues it is not 

only innovation but also emerging practices that require nurturing (see Chapter 3 and 

Paper VI). A social space therefore relates to the space in which a select group of 

supportive participants are involved in social interaction and participation in socio-

technical experiments protected from mainstream practices. Within the UTS trial, for 

example, the social space was one in which a supportive sample of users from the 

Institute for Sustainable Futures and the Centre for Local Government were seconded 

and engaged in the project. As argued in previous sections (see Chapter 3 and Paper 

VI), the intrinsic motivation of these users to support sustainability initiatives and 

accommodate the inconvenience of novel technology was critical to successfully elicit 

learning about the viability of UD in practice. 

 
Principles to support social learning in socio-technical experiments 

There is a lack of insight in transition research in regard to the methodological issues 

associated with social learning and how such learning might be designed for and 

facilitated in socio-technical experiments (Van De Kerkhof & Wieczorek 2005). This 

research has provided evidence and principles for how to facilitate social learning in 

socio-technical experiments based on insights gained from the UTS and YVW trials of 

UD systems. In particular, designing experiments for social learning requires designing 

for quality relationships amongst participants, opportunities for meaningful dialogue and 

a social context in which cross disciplinary actors engage with each other (see Chapter 

4 and Papers IV and V for elaboration on principles to support social learning).  

 

6.4.2 Methodological contributions to new knowledge 
 

Multiple case study research: a cumulative staged approach to research on transitions  
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Single case studies in the field of transition research have primarily focused on 

illustration and exploration rather than systemic inquiry by analysing the process 

through which transitions have historically occurred in terms of the sequence, timing 

and conjunctures of events (Geels 2011). The cumulative staged approach to multiple 

case study research in this thesis required adopting multiple case studies across serial, 

temporally-based cycles of research. This approach is used to investigate how 

transitions in sanitation have occurred in the past and are occurring at present, and 

how they might be more readily facilitated in the future. The benefit of using this 

unconventional approach in multiple case study research is that learning and insights 

are cumulative; that is, insights from preliminary case studies inform and deepen the 

analysis of subsequent case studies (see Chapter 2). 
 

Collaborative qualitative research methods to support the emergence of new practices 

While there are references in the literature to using qualitative research methods to 

support reflection on existing practices (Sofoulis 2005) these qualitative methods are 

primarily targeted at individual reflection on practices. This thesis has identified that 

collaborative, engaged forms of qualitative research have the potential to support the 

emergence of new practices (both social and organisational) in socio-technical 

experiments.  

 

In regard to supporting the emergence of new social practices, collaborative qualitative 

social research tools, such as the graffiti board utilised in the UTS trial, supported the 

emergence of new social practices by providing an anonymous space in which to 

expose and explore the tension between established and emerging practices with 

others. The graffiti board design was an important means of encouraging reflection and 

bringing normally tacit experiences of toileting to the foreground. This qualitative 

process of eliciting end-user feedback was collaborative in nature and it was not only 

important for sharing insights but also significant in identifying how new practices might 

be sustained (see Chapter 3 and Paper VI). 

 

In regard to supporting the emergence of new organisational practices, the 

collaborative qualitative research methods adopted in the YVW trial involved designing 

a learning evaluation workshop to explore multiple perspectives of the trial by cross-

departmental members of the project team with the intent of developing strategies to 

manage future trials. The process initially required obtaining individual feedback on the 

trial from project team members through semi-structured interviews which were then 
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analysed and shared with the project team (analysis of feedback remained 

anonymous) in a collaborative workshop environment. The design of the workshop 

ensured participants across departments of the organisation were engaged and had 

the ability to collaboratively contribute to developing new organisational practices to 

manage future socio-technical experiments (see Chapter 4, Paper IV). 

 
6.5 Transdisciplinary outcomes spaces  

 
The conventional conclusion of a doctoral thesis involves a discussion on how the 

research has contributed to new knowledge. While this thesis and the associated 

published papers have contributed new academic knowledge in the field of transition 

management and innovation in sanitation (as discussed in the previous section), 

academic ‘knowledge’ is only one outcome of this doctoral research. Other important 

outcomes resulting from this research are discussed in relation to Mitchell’s (2009) 

framework for transdisciplinary outcomes spaces. This framework provides a structured 

means of considering influential outcomes beyond the boundaries of the doctoral 

thesis. As the explicit intention of this doctoral thesis has been to contribute to creating 

change toward sustainable systems of sanitation, an investigation into multiple 

outcomes and spheres of influence of this thesis are relevant to discuss in this 

concluding chapter and are presented in the section below.  

 

6.5.1 Defining the transdisciplinary outcomes of this research  

 
As discussed in earlier chapters, transdisciplinary research has the aim of contributing 

to change in real world problems (Wickson, Carew & Russell 2006). Wickson et al. 

(2006, p.1048) suggest that transdisciplinary research ‘is performed with the explicit 

intent to solve problems that are complex and multidimensional, particularly problems 

(such as those related to sustainability) that involve an interface of human and natural 

systems’. This research has aimed to contribute to transitions toward the development 

of sustainable sanitation systems and in the process has revealed multiple outcomes 

beyond academic peer reviewed research.  

 

In identifying the potential for multiple outcomes to result from transdisciplinary 

research, Mitchell (2009, p.154) introduces the concept of transdisciplinary outcome 

spaces. Potential outcomes of transdisciplinary research are described as firstly being 

associated with a situation in which: 
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there should be some recognisable improvement in the situation as a result of 

our work – a change in vision (e.g. from local best practice in new urban design 

to an integrated urban metabolic system), a change in strategy (e.g. revised 

company objectives that embed a shift from harm minimisation to a restorative 

intent), or the uptake of a new tool (e.g. a model that treats water demand and 

supply options equally).  

Secondly, there should be new stocks and flows of knowledge, ‘because we begin with 

what is already known, we have a responsibility to contribute to the stock of knowledge 

of theory and practice in our disciplines and sectors, through scholarly, industry, 

community, and other outlets’. Thirdly mutual learning should occur:  

because we want to maximise the change we contribute to, we want our 

collaborators to do things differently as a result of working with us, and … 

because we inhabit the cutting edge, the way we work should contribute to 

and/or facilitate a transformational learning experience (Taylor 1998) for 

ourselves and for those we engage with in our projects.  

 

The boundaries between these outcomes are blurred and therefore outcomes may 

exist within both spaces (Mitchell 2009). For example, media coverage resulting from 

this research is implicated in changing the situation and contributing to new knowledge. 

These outcomes, and the overlap between these spaces are elaborated on below in 

relation to multiple outcomes that have resulted from this doctoral research (see Figure 

13). 
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Figure 13 Transdisciplinary outcomes resulting from this thesis 
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1. Changes in the problem situation 

While a ‘thesis’ is a necessary and important outcome of doctoral research, the thesis 

alone may have limited societal impact in creating change due to its limited audience 

(e.g. thesis examiners are in most cases the only audience of the thesis). Even in the 

case of thesis by publication which broadens the potential audience for the research, 

the potential to create change beyond the boundaries of academia through doctoral 

research is limited. In retrospectively reflecting on the goal of this research to contribute 

to change I felt it necessary to clarify how this research has contributed to changing the 

problem situation. 

 

The impact of this doctoral research was multifaceted, and while change in the 

situation (transitions to sustainable sanitation) did occur this was not exclusively the 

result of this doctoral research but rather it arose from a collaborative effort in which 

this doctoral research provided background knowledge on the socio-technical 

challenges of installing UD systems in practice. For example, playing a role in 

collaboration (a key concept of transdisciplinary research (Wickson, Carew & Russell 

2006)) between academic, government and industry stakeholders in the UTS trial 

contributed to the development of voluntary guidelines for installing UD pipework in 

multistorey buildings in Australia (see Mitchell, Fam & Abeysuriya 2013 for details) and 

the inclusion of UD pipework in two high profile property developments in Sydney. The 

significance of these guidelines, developed by key actors in the NSW water and 

property development industries, is that it provides the first documented guidance for 

industry actors on how to install UD systems in multistorey buildings and will guide the 

construction of two high profile and large-scale property developments that have 

committed to installing UD pipework in Sydney. 

 

In addition significant media coverage (radio, television and print), awards (local, 

regional and national, see Mitchell, Fam & Abeysuriya (2013)) and industry interest in 

the UTS trial contributed to raising the profile of UD systems in Sydney and 

consequently the concept of nutrient recovery and reuse of urine for agricultural 

production. Media coverage has implications for both changing the ‘situation’ and 

contributing to new ‘knowledge’ with more specific details about media discussed in the 

following section.  

 

In co-designing and initiating the research design for the YVW trial (see Chapters 2 and 

4 for details of the methodology), this research contributed to the development of new 
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organisational practices within YVW in managing future trials of innovative 

technologies.  

 

2. Contributions to peer reviewed academic and industry knowledge 

In this research a number of different knowledge outcomes were developed in the 

process of creating change. These knowledge outcomes cover a broad spectrum 

ranging from peer reviewed publications at one end of the knowledge spectrum to 

shared on-line knowledge such as on-line discussion forums on the other.  

 

In this doctoral research, knowledge artefacts were developed and shared throughout 

the research process (see Figure 6.1 for details). These included reports from the UTS 

trial (Mitchell, Fam & Abeysuriya 2013) and YVW trials (Mitchell, Fam & Abeysuriya 

2011) which documented the process and outcomes, provided details of ‘learning 

through failure’ and the development of voluntary guidelines for installing UD systems 

in multistorey buildings in Sydney. These project reports were shared internationally 

through the Sustainable Sanitation Alliance (SuSanA) and other networks working in 

this field.  

 

In addition to project reports, industry publications became an appropriate knowledge 

outcome for industry stakeholders in the plumbing, water and sanitation sectors (see 

Fam, Mitchell & Abeysuriya 2011; Jackson 2012; Kyriakou 2010). As multiple 

audiences were targeted for knowledge transfer, I was involved in developing articles 

for on-line publication (Abeysuriya, Fam & Mitchell 2012; Fam 2012). I was also 

interviewed on national and local radio both alone and in conjunction with my 

supervisor, and the director of the UTS trial, on national television.49 These media 

outlets became appropriate sites for sharing knowledge from the research with the 

broader community.  

 

3. Mutual learning 

‘Mutual learning’ is an expected outcome of transdisciplinary research (Russell, 

Wickson & Carew 2008) and involves the ‘exchange, generation and integration of 

existing or newly developing knowledge in different parts of science and society’ 

                                                 
49 In 2012, Australian Broadcasting Corporation (ABC) radio interviews were conducted with Radio 
National and four other regional Australian radio stations (Newcastle, Darwin, Illawarra and South Coast). 
In 2013, we were interviewed by ABC television news (1 March, 2013) on the potential for market 
transformation in sanitation sector in regard to viability of upscaling urine diversion (see 
http://www.abc.net.au/news/2013-03-01/human-urine-is-liquid-gold/4547552 for television interview). 
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(Russell et al, 2008, p.467). Mutual learning involves cooperation amongst a range of 

stakeholders within society, industry, government and academia, in joint problem 

solving to share and exchange knowledge. Mutual learning assumes learning occurs 

collaboratively and that in the process it generates new insights that would be more 

difficult to achieve as a doctoral student researching the same topic in isolation.  

 

Demonstrable outcomes of mutual learning were identified in the changes in 

organisational practices that occurred within for YVW as a result of this research. In the 

YVW trial mutual learning was facilitated through a workshop which resulted in the 

development of new organisational practices to manage socio-technical experiments 

based on project team members’ experiences. Within the UTS trial transdisciplinary 

perspectives were shared in processes to support mutual learning. These processes 

included collaborative team meetings and joint reflection on the development of the 

trial.  

 

One of the outcomes that resulted from this research was facilitation of mutual learning 

between industry and conventional social science academics. My role as a co-

convenor of the conference, ‘Tapping the Turn – the social dimensions of water 

management (TTT)’ in 2012, provided me with the privilege of inviting speakers to 

deliver keynote speeches at the conference. Concurrently my involvement in the YVW 

trial meant I had a working relationship and connection with industry stakeholders 

involved in managing the everyday processes of community engagement and water 

management. To share knowledge between academia and industry I invited the YVW 

community engagement manager to share her experience as a keynote speaker on the 

social dimensions of water management from an industry perspective at the TTT 

conference. This provided the opportunity for academics and industry participants to 

learn from each other and discuss their differences in worldviews, theoretical 

perspectives and practice (see: http://tappingtheturn.org/ for details of invited speakers 

and program for the conference).  

 

6.6 Recommendations for further research 

 
Based on the contributions this thesis makes to new knowledge and to filling identified 

gaps in existing research, broad recommendations for further research are made 

below.  
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Recommendation 1: Design and evaluate social and communication structures in 

socio-technical experiments to support social learning 

This research has identified the significant impact that social and communication 

structures have on the successful uptake and trial of alternative sanitation options but 

as Rogers (2003, p.25) notes ‘there have been relatively few studies on how the social 

or communication structures effect the diffusion and adoption of innovations in a 

system’. Based on preliminary findings from this research a potential area for further 

investigation is the exploration and assessment of types of social and communication 

structures to support learning and adoption of innovation in socio-technical 

experiments. 

 

Recommendation 2: Design and evaluate socio-technical experiments as 

transdisciplinary outcomes spaces 

This research as a whole has demonstrated the usefulness of engaging with 

transdisciplinary outcome spaces in transition research as it is not only new knowledge 

that is required to facilitate transitions, but also a change in the situation and mutual 

learning by those involved in and impacted by the research. A valuable area for further 

investigation would be to conceptualise how transdisciplinary outcome spaces might be 

incorporated into the design and management of socio-technical experiments to ensure 

a range of outcomes are sought in facilitating transitions to sustainability.  

 

6.7 Concluding remarks 

 
The intent of this research has been to consider how transitions toward more 

sustainable sanitation systems might be facilitated through a human-centred approach 

to the design and management of socio-technical experiments for learning. This 

research has involved exploring the emergence and development of innovation in 

sanitation across three cycles and temporal phases of inquiry, including historical 

analysis, current analysis and real time analysis of sanitation systems both locally and 

internationally. What has emerged from this research is a greater appreciation for how 

important people and practices are in the emergence and development of sustainable 

sanitation systems and importantly, how people need to be closely engaged if 

transitions toward alternative sanitation systems are to be deliberately facilitated. 

 

Facilitating a transition to sustainability, whether it be a transition to sustainable 

sanitation or other necessary systems of service provision, requires not only 

consideration of technological and infrastructural issues associated with innovation but 
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also engagement and connection with the human dimension of using and managing 

the system. While societal needs are frequently referred to in transition research, such 

research tends to be disconnected from the very human beings who harbour these 

societal needs.  

 

There is little doubt that engaging people in transition research creates another level of 

complexity in trialling and researching innovation. However, to sideline the people for 

whom technological innovation is designed leaves open the potential for a degree of 

failure which can lead to the rejection of a technological system that may have been 

accepted if ‘people and practices’ had been engaged throughout the process of trialling 

innovation. Seeking feedback from people who are to use and manage alternative 

systems of sanitation therefore makes intuitive sense and this thesis has provided 

evidence for its value and empirically proven guidance for how it might be facilitated in 

practice. 
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1. Consent form for Swedish stakeholders involved in this research  

 
CONSENT FORM – A study of urine diversion systems in Australia and 
Sweden  
 
I ____________________ agree to participate in the research project being conducted by Ms 
Dena Fam comparing sustainable sanitation options between Australia and Sweden as part of 
her PhD degree at the Institute Sustainable Futures at the University of Technology, Sydney.  I 
understand that the purpose of this study is to gain perceptions of small scale demonstration 
projects in wastewater management on their potential to contribute to a transition toward 
sustainability. 
 
I understand that my participation in this research will involve a face to face interview that will 
last no more than 45-60 minutes (unless agreed otherwise) in which Ms Dena Fam will question 
me about issues relevant to my area of expertise. I give my permission for the interview to be 
recorded to assist with note taking. 
 
I agree that the research data gathered from this project may be published in a form that does 
not identify me in any way and understand that I will be given the opportunity to review any 
material attributed to me before it is used in published research, and that I may elect to clarify 
the material, or withdraw my consent to use it, if I do not agree to its publication.   
 
I am aware that I can contact Ms Dena Fam or her supervisor Professor Cynthia Mitchell if I 
have any concerns about the research (contact details are provided below).  I also understand 
that I am free to withdraw my participation from this research project at any time I wish without 
reason. 
 
Contact Details: 
 
Ms. Dena Fam      Prof. Cynthia Mitchell 

PhD Scholar      Research Director 
Institute for Sustainable Futures    Institute for Sustainable Futures 
PO Box 123 Broadway      PO Box 123 Broadway  
NSW 2007      NSW 2007 
Ph: 02 9209 4966     Ph: 02 9209 4356 
email: dena.fam@uts.edu.au    email: cynthia.mitchell@uts.edu.au  
 
 
________________________________________  ____/____/____ 
Signed by 
 
 
_______________________________________  ____/____/____ 
Witnessed by 
 
Note:  
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee.  Any 
complaint you make will be treated in confidence and investigated fully and you will be informed of the outcome. If you 
have any complaints or reservations about any aspect of your participation in this research which you cannot resolve 
with the researcher, you may contact the Ethics Committee through the Research Ethics Officer (ph: +61 2 9514 9772 
Research.Ethics@uts.edu.au) and quote the UTS HREC reference number 2009-071. Any complaints will be treated in 
confidence and investigated fully and you will be informed of the outcome. 
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2. Stakeholder map of Swedish interview participants involved in this 
research 

 
  

Stakeholder map of 13 participants interviewed in Swedish fieldwork 
 

 End-users        

 
 Eklandaskolan parent 

 
 

 EkoCentrum staff member 
 

 Manufacturers 

 
 BB Innovation 

 
 

 Wost-Man 
 
 

 Separette 
 

  Councils 

 
 Gothenburg: Three water and sanitation    

environmental inspectors 
 

 
 Tanum: One water and sanitation environmental  

inspector 

 
 Norrkoping : One water and sanitation 

environmental  
Inspector 
 

 
  Research       
  Consultants 

 
 Verna Ekologic 

 
 

 Ecoloop 
 
 

 Stockholm Environmental Institute (SEI) 
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3. Interview questions for Swedish stakeholders involved in trialling UD 
(municipality) 

 
The following research questions were developed to determine different functional 
characteristics and dynamics related to the urine diversion system as a technological 
innovation system (Bergek et al. 2008). For example, questions were asked of 
participants to determine their perceptions on the ‘functions’ of UD in relation to market 
formation, entrepreneurial experimentation and legitimacy to name of few. While the 
template of research questions is generic for different stakeholders interviewed for this 
research, the questions have been tailored for each stakeholder group (e.g. 
municipalities, manufacturers, research consultant and end-users) to draw out their 
perspective of the functional dynamics of urine diversion as a TIS. This template is an 
example of the questions asked of stakeholders from municipalities. 
 

1. PRELIMINARY INTRODUCTION  
(identify myself, explain reason for interview) 
 
Hi xxxx, as discussed in the introductory letter I sent you about my research, my name 
is Dena Fam, I’m a PhD student from the Institute of Sustainable Futures, at the 
University of Technology Sydney and am conducting research on the development of 
urine diversion systems in Sweden. 
 
 
 

2. FORMALITIES 
(discuss ethics approval and anonymity in the research) 
 
Before we start, I want to remind you that our discussion will be an anonymous 
conversation and you won’t be identified with anything you say.  
 
I’d also like to get your permission to record this conversation, as it will help this 
research and my note taking. 
 

 (turn on recorder if ok) 
 
_____________________________________________________________________ 
 
 

3. RESEARCH QUESTIONS  
 
FUNCTION 2 - Influence on the direction of search 
a. Background information 

-     What is your role in the council and how long the council has been involved  
      in dealing with the installation of UD systems under your jurisdiction? 

 
b. Beliefs about potential growth or diffusion of UD 

-  What kinds of regulatory changes have occurred in your council to 
influence the adoption of UDT? Is this a common occurrence in other 
Swedish councils? 

 
- What do you think has driven these changes? Eg. Regional or national      
      regulatory pressures 
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- From your experience, how do you see the potential growth of UDT systems 
being installed within your council? And are there incentives for residents or 
developers to install UDT? 

 
c. Articulation of interest from leading customers 

-     Has there been an expansion of interest in UD systems from municipal  
      residents/property developers? And are there any examples of that growth     
      in interest? 

 
FUNCTION 3 – Entrepreneurial experimentation 
a. Map the number and variety of experiments  

-     Has there been a variety of application domains for UD installation in your    
      area? Eg. Schools, residential, commercial etc. 
 

 
FUNCTION 4 – Market formation 
a. Customer profile 

-     Do you see the profile of residents installing UDT systems changing? E.g.    
      broadening beyond green consumers etc. 
 
-     What percentage of new developments are opting for installing UDT  
      systems? Is there a significant proportion of residents within your    
      municipality that have installed UDT? 

 
-    Is this being stimulated by institutional factors?  

 
 
FUNCTION 5 – Legitimacy 
a. Legitimacy/social acceptance  

-    Has the council encouraged the adoption of UDT systems? And have there  
     been incentives to do this?  
 
-   Do you feel current legislation encourages adoption & acceptance of the   
    technology? How? 
 

 
FUNCTION 6 – Resource mobilisation 
 a. Knowledge/capital 

-   What are your perceptions about the availability of human resources in the   
     industry, in regard to the knowledge needed by the council to make  

                decisions about the legitimacy of UDT for development?  
 
-   Does the council provide any seed funding for installing new UDT projects? 
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4. Visual representation of interview data 
 

 
 

Figure 14 Timeline of enabling policies for Urine Diversion (UD) in Sweden  
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Figure 15 Local and National stakeholders involved in the development of urine diversion in Sweden 
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Figure 16 Local and regional events and policies influencing the emergence of urine diversion in Sweden 
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Figure 17 Swedish policies supporting the emergence of urine diversion  
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Figure 18 Interrelated factors influencing the productive use of urine in agriculture in Sweden
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APPENDIX B: Australian fieldwork – UTS trial 
 
1. Interview questions for the project management team involved in the UTS trial 

2. Process of critical reflection adopted at the end of cycles of reflection 

3. Managing transdisciplinary collaboration for learning: my personal journal 
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1. Interview questions for the project management team involved in the UTS trial 
 
 

2. FORMALITIES 

Before we start, I just wanted to let you know that our discussion will be an anonymous 
conversation and you won’t be identified with anything you say.  
 
I’d also like to get your permission to record this conversation to help with research and 
note taking. Is that OK? 
 

 (turn on recorder if ok) 
 
 
 

3. Orient interviewee and EXPLAIN WHAT I’M GOING TO TALK 
ABOUT 

So just to give you an overview, what I wanted to discuss with you was your experience 
in being involved in the UTS project and what you feel you’ve gained or learned as a 
result of being involved. 
 
 

4. QUESTIONS 

Identify roles and expectations 

 How would you define your role in the project?  
 Was your involvement in the project what you expected it to be? Eg. did your 

expectations in being involved in the project differ to reality? 
 
What learning has occurred? 

 What experience have you gained as a result of being involved in the project? 
 What was the most significant learning experience you’ve had since being 

involved in the project? Could you tell me about it? 
 
How did the learning occur? 

 What was the situation that triggered the learning? 
 What was the context and who was involved? 

What hindered/supported learning? 

 What factors supported you being actively involved in the project? 
 What factors made it challenging for you to be involved? 

What changed as a result of learning? 

 If you had the opportunity to start over in this project, knowing what you know 
now, what would you have changed? 
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2. Process of critical reflection adopted in the UTS trial at end of each action 
research cycle 
 
At the end of each action research cycle in the UTS trial a process of critical reflection 
was conducted, whereby all team members met to discuss how the trial was 
progressing and what needed to change in the following cycle of research. The 
questions below are an example of questions asked in project team meetings at the 
end of each cycles of research.   
 
Progress 
What had you expected to achieve in this cycle of research? 
What was actually been achieved? 
How did this compare with what you expected? 
What worked well? 
And what could you/we do better next time? 
 
Publications 
Have you been involved in any of the publications relating to the project?  
Reflect for each publication 

- What was the process for developing/writing and how did you feel about it? 
- What worked well and what would you do better next time? 

 
Learning 
What have you learned from this action research cycle? 
From what you have learned, what can we use in the next action research cycle? 
 
Research contribution 
What is the research contribution that you feel you can offer the project (aside from 
publications and teaching supervision)? 
How could you contribute your expertise to the project in the next cycle of research? 
 
Milestones 
Bearing in mind your reflections here, and our original plan for the 
‘Design/Contract/Commission’ phase of the project (see the research questions 
document), what are your specific goals and milestones for the next cycle of research?  
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Table 8 Challenges of managing the transdisciplinary team in the UTS trial  

EMERGING ISSUES 
 

EVIDENCE 
 

STRATEGIES TO MANAGE EMERGING ISSUES 

Encouraging industry 
engagement in the 
concept of UD  

The presentation to the National Plumbing Supply Forum drew 
interest from industry and developers who later became stakeholders 
with a vested interest e.g. Lend Lease (property developer) & Saniflo 
(technology provider)  

Regular updates on how the project is progressing and 
offering our expertise in social research has led to a 
sharing of ideas and potential for future collaboration 

Turn-over of team 
members  

Turnover of staff at Sydney Water Corp and the UTS Facilities 
Management Unit (FMU) disrupted transference of knowledge and 
made new staff reluctant to take responsibility for work initiated by the 
predecessor. Required developing new relationships and filling them 
in on the UTS trial 

Maintaining a good paper trail of progress in the 
project to be forwarded to new partners as well as 
records of commitments by stakeholders involved e.g. 
financial commitments. There is a need to spend time 
on strengthening/maintaining relationships across 
levels of management 

Lack of vested interest 
by some in the project 

The FMU representative had a professional obligation rather than a 
strong interest in the project, he lacked motivation to take 
responsibility and had no incentive to be involved (obligation rather 
than vested interest) 

Maintain regular contact with partners to keep them 
updated and interested 

Accountability  Collaborative development of research questions, time commitments, 
communication processes and decision making were highlighted at 
the beginning of the project – but management accountability was not 
clarified. We therefore didn’t get the input from academics we 
expected, team members functioned more as a review or reference 
panel rather than collaborative researchers. 

There needed to be fixed timeframes for academic 
research and appropriate incentives for them being 
involved  

Individual 
circumstances  

Individual issues with partners influenced their capability to contribute 
to the project meaningfully e.g. unstable work environment 

The research strand leader needed to negotiate on the 
individual’s behalf and convince the department of the 
value of her being involved in the project 

Supporting failure/risk 
as a process for 
learning 

Failure is often not discussed in projects or in trials of innovations . A 
prerequisite for evaluating learning in socio-technical experiments is 
to have an organisational culture where it’s acceptable to discuss 
things that go wrong (as well as right)! 

We often reiterated we are going to learn through 
challenges/failures (we are going to scrape our knees) 

Visioning the future 
(workshop) 

Team exposure to each other’s aspirations and visions for the future 
of the project 

 

Management of 
hierarchical 

There were challenges in getting the right people involved and 
maintaining lines of communication between levels of management. 

Start with a thorough map of all expected stakeholders 
and then ask the question to those involved; Is there 
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stakeholders This became a problem in trialling urine collection in an area where it 
was controversial 

anyone else that needs to be involved? Continue 
scoping for necessary stakeholders 

Managing perceptions 
of risk in trialing UD 

In trialling waterless urinals in building 1, there was the perception by 
some that there was a significant risk associated with strong odour in 
collecting urine and therefore rather than discussing the matter with 
the team, took the matter to higher levels of management that were 
unfamiliar with the project. 

Engage stakeholders in trialling small systems that are 
less confrontational (e.g. 3 month trial with no pump 
out/reuse of urine) to prove to the associated 
stakeholders that this isn’t a risk before scaling up. Not 
pushing boundaries of stakeholders before they are 
ready to come along with the process. 

Communication 
across levels of 
governance 

The hierarchy of FMU proved challenging, while we thought we knew 
who the relevant stakeholders were to engage, there were omissions,  
to our stakeholder mapping which caused tensions in installing the 
system in the space we desired 

Map relevant stakeholders. Ask who else should be 
involved? Engage with everyone! Develop a key 
contact person to manage on-going engagement with 
specific departments 

Risk adversity and 
upward delegation of 
responsibility 

Due to unfamiliarity and lack of experience with UDT (radical 
innovation) – there was a tendency for upward delegation. There was 
no precedent for the trial and this meant stakeholders were 
uncomfortable making decisions and therefore tended to delegate 
upwards 

Provide as much information as possible for the person 
involved, engage not only with the stakeholder but the 
superior so everyone know what’s going on. Develop 
risk management plans, safe work practices 
documents. 

Same risk different 
perceptions 

In transporting urine from UTS to UWS, the perception of risk from 
the Department of Health and the EPA was minimal. But the 
perception of risk associated with transportation was deemed to be 
extreme by UWS who therefore required us to package urine in 2 
sealable containers, apply biohazard signage, provide proof of 
microbial contamination, queries about screening of users for drugs 
and supply our own risk management plan to UWS for inspection. 
EPA in contrast said our project did not fit into established regulatory 
framework and said there was nothing we needed to do. This was 
also the case for UTS bioethics approval who said we did not need 
an application due to the absence of any of categories in which our 
work fitted. 

AS ABOVE 

Appropriate incentives 
for partners 

Industry/Gov’t/Academic partners require different incentives to be 
involved. Academics require publications as an outcome from 
research – to justify their involvement. Industry requires business 
opportunities  

Discover what incentives work for relevant 
stakeholders and provide space for these incentives to 
be offered e.g. Opportunities that are of value both to 
the academic and the team 
 
 

Meeting regulatory Trialing UD on a small scale presents some tangible benefits from a Be proactive in finding gaps in regulatory 
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requirements for UD 
as an ‘UNKNOWN’ 
innovation 

regulatory perspective e.g. Lack of category for biosafety application 
meant we didn’t need a apply for regulatory exemptions from the 
Dept of Health & EPA. The Dept Fair Trading provided alternative 
application to existing plumbing requirements 

requirements, this will provide areas for further 
research on considering how future regulatory 
requirements should be designed to support UD 

Social research as a 
transdisciplinary glue 
in socio-technical 
experiments 

Social research outcomes e.g. Survey results, washroom comments 
became a way for all members to the see practical challenges of 
users adopting UD. It brought together technical and social aspects in 
system change. Social research fed into the visual communications 
and technology strands and influenced our decision to limit scale up 
of experiment and focus on waterless urinals 

Make social research tangible for transdisciplinary 
partners. E.g. Present research in a way where there is 
an interaction with the data. E.g. Graphs, drawings, 
posters where everyone can walk around them and 
discuss them in collaboration with others 

Boundary 
management 

The nature of innovative small scale experiments/’s meant there were 
limitations on the amount of research we could conduct in the 
timeframe, managing the boundaries of the project and collating extra 
research questions throughout the process was a way of defining the 
area of research and provided justification for further research 

The integration strand collated extra research 
questions and kept them aside for application to the 
next stage of research funding 

Accountability  Accountability of partners was never discussed, we managed to 
define partner’s research interests and how this research could be 
done but could not get academic partners to take responsibility for 
research and run with it.  

Financial incentives seem to be an obvious option but 
so is creating a sense of ownership for an area of 
research. This needs to be consider in transdisciplinary 
teams 

Self organising 
networks need energy 
injection 

Injecting energy into the project is needed to make, break and 
maintain ties between partners. E.g. Energy injection can be both 
inspiring and depressing and we need both e.g. We need to manage 
expectations of partners in expecting failure as a learning 
mechanism. We needed to depress enthusiasm for aspects of 
research which is appropriate in this project and timeframe 

It takes a person to monitor the mood of the project, 
the up and coming goals that need to be met and 
organise ‘energy injection’. This may be face to face 
meetings but also could be injection of positive media 
exposure to the team 

Pursue maintenance 
as well as output goals 

The nature of working with a large number of partners across 
research strands meant we needed to maintain communication as 
well as output goals. Therefore we had face-to-face meetings, 
progress reports and virtual networking site to keep everyone up to 
date from the beginning 

Maintaining relationships with stakeholders and 
momentum throughout the project keeps research 
outputs occurring e.g. Some partners need more 
attention than others   

Responsive Vs. Pro-
active management 

Due to the non-linear plan of action in the nature of trialling 
innovation, there is a need to manage responsive verses pro-active 
direction of a project. For the 1st year we spent time responding to 
external influences rather than looking at the bigger picture and 
directing the research more strategically in the direction we would like 
to go.  

As the project bounded ahead so quickly we really 
needed to regularly take stock of where we were 
headed and critically reflect on whether this is really 
the direction we wanted to head in. Critical reflection at 
the end of each action research cycle and regular 
reflection before each strand meeting is needed to 



161 
 

consider what happened between meetings, what went 
well, what didn’t, what could have been done better 
next time. 

Users need to 
understand system 
design 

What came out strongly in data was users were more willing to use 
the UD toilets if they knew their contribution was being reused, this 
meant keeping users up-to-date on the progress of the project and 
designing feedback mechanisms. Communications became important 
not only for the team but for users of the trial 

Updates at ISF meetings where all staff members are 
involved on the progress of the trial, where and when 
their urine was being reused and further update on 
results of urine tests in agriculture became important to 
consider 

Negotiating embedded 
practices 
(cleaning/maintenance 
staff) 

The system of sanitation is embedded not only in the infrastructures 
and regulations but practices of cleaning staff. UD was acceptable if 
existing practices didn’t change and the number of mishaps remain 
equivalent to conventional toilets. Innovation requires these 
embedded systems to change with the evolution of the system.  

We need to be adaptable/flexible with cleaner’s 
requirements. Shifting the focus of the trial (upscale) 
so that there was little disruption to existing practices 
of cleaning was necessary. Innovation needs to 
negotiate existing practices therefore limiting the 
‘radicalness’ of the innovation installed. E.g. It would 
be more acceptable to use waterless urinals for 
collection as users and cleaner practices do not 
change. It’s about merging radical with incremental 
change so it’s acceptable for a number of stakeholders 
along the way 

Deviation from 
established action 
research (AR) cycles 

Non-linearity in socio-technical experiments meant we needed to 
clarify to the team and discuss the deviation of proposed systems of 
research and future direction. It was important to start with clear AR 
cycles as a way of engaging people in the process we proposed but 
just as important to justify why we were deviating  

There’s a need to bring everyone along in the trial and 
share reasons for deviating from expected research 
outcomes. Responsiveness and acceptance of action 
research by the project team trailing innovation allows 
for more relevant research to take place 

Pragmatic verses 
academic 
contributions 

The output from academic research is primarily in the form of 
publications and is the incentive for academics to be involved (if there 
isn’t financial incentive). Many of the academics involved in the UTS 
trial did not offer pragmatic contributions to the trial but rather were 
focused on methodological outcomes 

Give academics what they want, an opportunity to 
publish as their contribution to research in a way that’s 
valuable for them and the project  

Negotiating outcomes 
to satisfy concerned 
stakeholders 

Cleaners were unwilling to allow us to scale up the trial of UDTs due 
to cleaning issues and user mishaps. Finding the middle ground is 
important so everyone is happy.  

Instead of scale-up of UDTs we expanded the trial of 
waterless urinals in another building. There’s a need to 
negotiate expected outcomes in experiments when a 
stalemate arises 

Participatory 
involvement in 
decision making  

In some circumstances disciplinary expertise has been hard to 
manage when individuals feel their position as expert is being 
threatened. 

Discuss the benefits of participatory decision making, 
and why this is important in transdisciplinary work. This 
unexpectedly has required more time and money than 
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was budgeted for. Allow space for individuals to 
contribute their expertise in transdisciplinary teams 

Maintaining interest 
for less active 
participants in 
experiments  

There have been some critical stakeholders required for trialing UD 
and providing insight into the challenges of up scaling UD in the 
future e.g. The City of Sydney. Yet these actors do not have an active 
role in operation of the trial. To keep them engaged throughout the 
process we need to develop appropriate communication tools that 
are appropriate for their needs  

A range of communication tools including; virtual 
networking site, end of cycle reflection, progress 
reporting, feedback mechanisms and face-to-face 
project meetings provided a means for engaging both 
active and more passive participants in the UTS trial 

Encouraging equality 
of input 

Facilitating transdisciplinary research requires encouraging and 
supporting input, helping others to be heard regardless of the power 
structure between disciplines and allowing them to grow throughout 
the process. Isn’t this really about SPIRITUAL LEADERSHIP? 

Creating space and processes for everyone to be 
heard e.g. Specifically asking each person in a project 
meeting to share their experiences rather than allow 
the loudest voice to dominate 

Designing spaces for 
decision making rather 
than discussion 
forums  

When team members had not adequately engaged with the progress 
of the trial, meetings became more a discussion forum than decision 
making space.  

Keep members up to date on progress and ask for 
preparation and input into decision making before the 
meeting 

Moving beyond 
conventional 
disciplinary 
responsibilities  

Supporting radical innovation requires disciplines to move beyond 
conventional responsibilities which also sets a precedent for other 
projects.  

Facilitating exercises to share disciplinary perspectives 
with amongst the project team in a unthreatening 
environment is a good start e.g. visioning process  
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APPENDIX C: Australian fieldwork – YVW trial 
 1. Formal request for Kinglake West residents’ participation in social research in the    

    YVW trial  

2. Interview questions for Kinglake West Residents – pre installation (Stage 1) 

 3. Interview questions for Kinglake West Residents – post installation (Stage 2) 

 4. Analysis of pre-installation interviews with Kinglake West residents  

 5. Analysis of post-installation interviews with Kinglake West residents 

 6. Interview questions to determine learning in the YVW trial  

 7. Briefing paper for learning evaluation workshop with analysis of interviews with YVW     

     staff 
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1. Formal request for Kinglake West residents’ participation in social research 
conducted in the YVW trial  
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2. Interview questions for Kinglake West Residents – pre installation (Stage 1) 
The first round of interviews with Kinglake West residents (pre-installation of UD 
systems) aimed to gain insight into what types of sewerage systems residents had 
installed, their breath of knowledge about UD systems, their motivation for participating 
in the trial, expectations and/or apprehensions and request for their involvement in post 
installation interviews one month after the systems had been installed. Below is an 
example of the research questions conducted with Kinglake West residents in the YVW 
trial pre-installation 
 

1. PRELIMINARY INTRODUCTION  

(identify myself, explain reason for call) 
 
Hi xxxx, my name’s Dena Fam from the Institute of Sustainable Futures, I’ve organised 
a meeting with you to talk about the installation of the urine diversion systems on your 
property  
 
Is this still a good time to talk now... or would you prefer to arrange a different time? 
 
 
 

2. FORMALITIES 

Before we start, I want to remind you that our discussion will be an anonymous 
conversation and you won’t be identified with anything you say. If there’s some specific 
information we think we should pass on to YVW, say about some problem they should 
fix for you, we will get your permission first before we pass that on.  
 
I’d also like to get your permission to record this conversation just like last time, as it 
will help this research and my note taking. 
 

 (turn on recorder if ok) 
 
 
 

3. Orient interviewee and EXPLAIN WHAT I’M GOING TO TALK ABOUT  

I wanted to find out about your motivations for taking up the system and feelings about 
that and any questions you might have about the UD systems. Also just to clarify, I 
want to focus our conversation on the UDTs first, but later of if you like we can talk 
about the other systems - the grey water and septic system. 
 
 

4. QUESTIONS 

Sewerage history 

 What sort of toilets did you have installed in your previous home?  
 Were you connected to mains sewage, septic tanks or some other system? 
 What was your experience of those systems you installed? 

 
Informing the resident on UD toilets/systems 

 Do you know much about UD already?  
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 How did you first find out about UD?  
 I’m told you had an info session with YVW, e.g. letter, info session. What this 

helpful? 
 
Determining breadth of knowledge about UD systems 

 Do you have any unanswered questions about UDT?  
 For residents that already have UD installed - Are there things you would have 

wanted to know before installing UD  
 
Motivations for participating in the trial  

 How did you come to sign up for the program? 
 Did everyone in the house agree to install UDT? Or was there consensus about 

installing UDT? 
 
Expectations/Concerns 

 Do you have any concerns about how the toilets will function? 
 Do you expect there to be some teething problems in using and managing the 

toilet? 
 

Post interview information and warning about post installation interviews 

 We’d like to contact you approximately 2-3 months after your systems have 
been installed to see how you’re going with using the system, whether  there 
are any issue that come up, you can also give us feedback about how the 
whole system is functioning  
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3. Interview questions for Kinglake West Residents – post installation (Stage 2) 
One month after the installation of UD systems, post installation interviews were 
conducted with Kinglake West residents to discuss changing perceptions of the UD 
systems, any installation issues and urine collection issues that arose, the installation 
manual and any issues that may have arisen with the installation of the integrated 
system. Post-installation questions are presented below. 
 

1. PRELIMINARY INTRODUCTION  

(identify myself, explain reason for call) 
 
Hi xxxx, it’s Dena Fam here from the Institute of Sustainable Futures, I came to see 
you at Kinglake (in May earlier this year) (a couple of months ago) to discuss your urine 
diversion toilets.  
 
When we spoke at Kinglake I mentioned I would be ringing you a few months to follow 
up on how it’s all going.  
 
Wonder whether this is a good time for that, if you have about 10-15 minutes to talk 
now... or would you prefer to arrange a different time? 
 
 
 

2. FORMALITIES 

Before we start, I want to remind you that our discussion will be an anonymous 
conversation and you won’t be identified with anything you say. If there’s some specific 
information we think we should pass on to YVW, say about some problem they should 
fix for you, we will get your permission first before we pass that on.  
 
I’d also like to get your permission to record this conversation just like last time, as it 
will help this research and my note taking. 
 

 (turn on recorder if ok) 
 
 
 

3. Orient interviewee and EXPLAIN WHAT I’M GOING TO TALK ABOUT  

Last time we spoke, you (had just moved in) (were about to move in)(were planning to 
move in xxAugustxxx) to your new place. Now you have been using the UDTs for some 
(xxx) months, and I wanted to find out about your experiences and feelings about that.  
Also just to clarify, I want to focus our conversation on the UDTs first, but later of if you 
like we can talk about the other systems - the grey water and septic system. 
 
 

4. QUESTIONS 

Own feelings, general perceptions 

 What are you feelings about the toilets now? 
 Last time when (xxx refer to previous context...eg you hadn’t moved in yetxxx) 

you said (blah) – what are you thinking now?  
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Technical functioning of toilets 

 What about any problems? 
 Any particular incident you can recall/tell me about? 
 How’s it flushing? 
 How were odour issues dealt with (if you had any)?  

Perceptions of other users 

 How are others in your household finding the toilets? 
 Any issues with (kids/visitors/elderly...)? 
 How did they react when they first saw/used the toilet? 

Installation issues 

 How did you find the process of installing the UD toilets, pipework and collection 
tanks? 

 How was your experience with the plumbers and tradesmen working on the 
installation? 

 Were there any specific issues that arose during the installation process? 

Urine collection 

 How was the process of urine collection managed for you? (if appropriate) 
 Were there any issues that came up during the collection of urine that you 

weren’t expecting? 
 
Manual 

 How did your family and friends respond to the manual and signage YVW 
provided you? 

 Were there any specific comments on the signage? 
 
 
Integrated System 

 So how did the rest of the system work for you (grey water/septic)?  
 Did you have any issues that you’d like me to specifically bring up with YVW in 

regard to the UD system or the rest of the system? 
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4. Analysis of pre-installation interviews with Kinglake West residents 
 
Pre-installation interviews were based on transcripts and field notes, and are arranged around the key themes that emerged in the research and 
summarised below. The following tables expand on these key themes and presents excerpts from interview transcripts to reinforce these 
themes. 
 

 Performance of UDTs: Some users had positive comments about the performance of UDTs compared to ‘normal’ toilets. Others had a 
few issues with maintenance and blockages.  
 

 Expectations about problems with UDTs: Although there were only 5 households in the community using UDTs at the time of the 
interviews, it was clear that there has been active discussion amongst others and much hearsay about difficulties. One household even 
pulled out of the trial because of the negative feedback from neighbours. On the other hand, another interviewee realistically expected to 
have teething problems and felt that good support systems would help them to cope with it. 

 
 Motivations for participation in the trial: There was some consistency with the pilot interviews about motivations – economic 

incentives, environmental concerns, being part of the trend, belief there was little choice - a few interviewees were very enthusiastic 
about their pioneering role in creating change towards sustainability. 

 
 Financial costs (mainly referring to the system ‘package’ as a whole): A majority of interviewees are under economic pressure and/or 

experience financial hardship, and were concerned about the largely unquantified additional costs involved, and in some cases 
questioned the value represented.  

 
 Communications: Several interviewees complained about poor lines of communication with plumbers, and between plumbers and 

other tradesmen, that led to poor coordination of work and frustration. A few interviewees had frustrations trying to communicate with 
YVW. 

 
 Engagement with plumbers: There were a number of negative comments about work of and relationship with the plumbers. 
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EXPERIENCES WITH URINE DIVERSION TOILETS 

IMPROVED ODOUR PERFORMANCE: 
The practice of limiting toilet flushing has meant a couple of 
residents have noticed a distinct reduction in odour of the 
urine diversion toilets. 

 I think they're better in fact (that a flush toilet), the wee doesn’t stay in the water, it actually 
goes into the hole. 

 …sometimes in the mornings and they’re a bit on the nose because everybody would 
have done a wee overnight and then nobody had flushed because we just don’t flush. 
They would be a bit pongy. But now, I don’t notice there’s a smell at all.  

WATER AND ENERGY SAVINGS: 
One resident noticed the lower water use of a Wostman 
and consequent reduced pumping to fill the cistern. ( See 
Appendix 2 for measured flush volumes, which fall between 
an Australian 3 Star(6/3L ) and 4 Star (4.5/3L ) 
toilet. 

 
 I think they’re good (the UDTs). They seem to use much less water. I’ve noticed that, 

because you hear the pump go off at least twice with our other system, when it was filling 
the cistern. But now, it goes off once, if that. 

 

CLEANING: 
One user found the toilet awkward to clean due to the 
design of the bowl. 

 
 It’s just the cleaning part I don’t like is just the design of how it’s – you know, all these 

fiddly little bits that you’ve got to clean.   

BLOCKAGES: 
Two households reported experiencing blockages 
associated with children/visitors. 

 it’s been good. It’s only blocked once and it was one day when one of my kids’ girlfriends 
came. She wasn’t sure about it. That was the only time. It wasn’t a big drama. 

 For the first couple of weeks (it got blocked) until I sorted my kids out.  Then if any other 
kids come in, then we’ve got to sort of educate them. 

DESIGN OF THE URINE DIVERSION TOILETS: 
The design of the toilet in shorter in height than a 
conventional toilet with the inside diameter of the bowl 
smaller in diameter. One resident in particular found the 
height of toilet in comparison to conventional Australian 
toilets problematic. 

 
 They’re very low.  We’re very big people.  Yes. So we’re all huge. So I felt that they were 

very low. He’s got…bad hips. 
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EXPECTATIONS (OFTEN BASED ON HERESAY) 
 
REALISTIC EXPECTATIONS OF ARISING ISSUES: 
One resident has said they were willing to accept arising 
issues and problems with the system which will 
undoubtedly need to be worked out, as long as they have 
support from YVW throughout the process. 

 
 We kind of expect there will be issues, you know it’s a new system and you’ve sort of got 

to work your way through them.  We don’t expect that it’s going to be perfect right from the 
start, as long as that support is there as well to work through the problems is what we’re 
expecting. 

BLOCKAGES There was a significant amount of 
discussion on blockages of the UTDs primarily hearsay with 
information elicited from neighbours experiences rather 
than direct experience. 

 I think the neighbours had issues already - the guy two doors up. 
 We’ve heard from neighbour that they’ve had nothing but trouble.  So we’re a little bit 

concerned.   
 I think there’s been a few different theories (about blocking), one was that the cleaning 

product that you have to use wasn’t available at the start. 
 Everyone was like, oh here we go.  Because I know (the neighbour’s) carked it the first 

weekend they were in there. 
 Apparently they're having a problem - apparently, only hearing - that they've been having 

a problem every week or every fortnight with it you know what I mean. 
ENTHUSIASM FOR ENVIRONMENTAL BENEFITS: 
While all residents mentioned the environmental benefits of 
the integrated system, one resident specifically mentioned 
the flush toilet as a wasteful system in relation to 
environmental sustainability and was looking forward to 
starting the project. 

 
 It's sort of to a point, like, when are we going to hurry up and get this toilet in, because I 

want to stop using a wasteful toilet!   
 

CHILDREN: 
A concern for parents was the potential for children 
clogging the toilet with misplaced paper/faeces. Two 
residents have made the assumption through discussions 
with neighbours, that children are the cause of blocked 
urine pipes with one resident explaining the process of 
educating children in how to use the toilet.  

 … we’ve got three young girls and explaining to them, you know, to a two year old and a 
four year old, that they’ve got to be careful of where they put the toilet paper isn’t as 
practical as an adult understanding what they need to do.   

 …kids, no matter what you tell them, it's going to get blocked all the time and I've got three 
young kids…well three lots have told me that's it happened. 
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MOTIVATIONS FOR TAKING UP THE SYSTEM 
TAKING PRIDE IN THE NOVELTY OF THE SYSTEM: 
The environmental benefits and novelty of the toilets have 
meant that two residents have commented on the pride 
they have in installing and using the UD system 

 I think it will be a bloody... "Come have a look at our loo!" I'll just warn them that if they 
miss it turns all sorts of colours and sets off sirens or something! 

 I think, all in all, it’s a great idea and I’m very proud that we can be part of something. 
 

 
ECONOMIC INCENTIVES: 
Economic incentives were a major factor influencing the 
uptake of the system 
 

 
 Well I mean it's either this or spend 15 or 16 grand on a treatment plant. 
 Cost wise, it’s good your guys are doing it because that does take that burden off us, but 

in the long term wise we’ve going to hopefully have a system that we’re not going to have 
too many problems with.  

 But it was just made the block that I bought, sort of made it a little bit more attractive. So I 
know that I was saving that money. We put some good things back into the house, saving 
that money.  

ENVIRONMENTAL BENEFITS: 
While the degree in which residents were committed to the 
environment varied (eg. one family was committed to 
reducing their environmental footprint in the building of their 
home), the ecological benefits of the system were widely 
acknowledged. 
 

 Environmental to be honest.  The other thing is that there’s got to be a better system than 
what we had. 

 Like I think any issues that we might have with it would probably outweigh, you know, like 
the environmental costs anyway.   

 Anything that can help the environment to me is fantastic, well that’s why we live up here 
because (of) Mother Nature… 

 We were about to build a green house, environmentally friendly house, with minimal 
footprint to the site much, much earlier than even the Green Party were around. 

 
NEIGHBOURS INFLUENCE: 
Discussion amongst neighbours signing onto the project 
influenced the uptake systems. In two cases the major 
motivation for taking up the systems was discussions 
amongst neighbours. 

 
 … it was more I spoke to neighbours who have been here forever and they said we're 

doing it, it sounds like a good thing.  Yes alright I'll do it. 
 Oh just the basic thing was everyone was doing it.  I thought well hey if everyone else is 

doing it we may as well give it a shot. 

BELIEF THERE WAS LITTLE CHOICE: 
There was a belief among some residents that if they didn’t 
take advantage of the offer now, installation of the system 
would become compulsory in the future. This view was 
reinforced through earlier pre-pilot interviews. 
 

 … you know, apparently we have got to have it now, do it now or you are going to have to 
do it in like a couple of year’s time or something. 

 …I’m pretty sure they’re going to make it compulsory for everybody to be on the main 
system. 

 …we’d also sort of been told that eventually most of the shire potentially could be 
swapping over to these systems, so we thought we’d give it a go. 
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FINANCIAL COSTS 

INSTALLATION: 
Installing UD systems has meant additional building costs 
for residents in fitting under house pipe work. There have 
been differences in quotes for under house piping ranging 
from $3000-$6000. 

 Yeah the cost of installing it and stuff is - I’m not happy with because that’s whacking… 
$6,000 on the cost of that for plumbing above the normal cost of it (additional costs for 
building). 

 I've spent an extra $3,000 in pipes under the house just for them to be able to hook up to.  

MAINTENANCE: 
Residents were unsure of the on-going costs associated 
with maintaining the whole system and how the added 
systems would impact their finances. 

 But you’ve got to again look at the cost behind that, the expense of maintaining it and the 
expense of running it, if you’re still only on the same wages. 

 Then the maintenance fees, apparently with the recycling of water, it has to be maintained 
twice a year because the recycling water has a charcoal filter and so forth in it that has to 
be maintained.  So there are extra costs again maintaining all of that.  Yes, just costs we 
didn’t have before. 

 “As I said the only thing that was turning me off was the cost, the maintenance and all 
that…” 

 “…How much is it going to add to our bill?” 
SEWERAGE FEES/RATES: 
The added cost of sewerage fees/rates in using the new 
system was of concern to one resident. 

 … you don’t mind a couple of hundred on your rates or something.  But if it’s like $1,000 a 
year or something it’s - because a lot of the people up there aren’t even working properly 
yet. 

ENERGY/PUMPING COSTS: 
Pre-bushfires, residents had previously paid minimal costs 
for pumping water from rainwater tanks and wastewater to 
septic tanks. The need for extra pumps have increased the 
overall operating costs of the system. The uncertainty of 
the exact costs of pumping  was raised as an issue of 
concern by a number of residents. 

 

 …water up here is at a premium, electricity is at a premium and even buying Macca’s at a 
premium.  I don’t know how much it costs to run one and I don’t know if the costing was 
put in to any of the paperwork.  You know, how much it would cost to run a system like 
this… 

 “I was worried with the pumps 'cause that's a big load - that had a huge load on power... 
That's probably my only concern with the system is how much load the pumps have, how 
efficient they are and their duty time and cycle and how much current they draw in 
general.” 

 We’ve found that there are five pumps running the system and the cost of that per day 
would be quite expensive with electricity rates what they are now which is expected to go 
up.  So that is a concern. 

 “I understand that it’s going to be more expensive but we’re also in the situation where 
we’re pensioners.  Electricity goes up, we’re literally screwed.  I know not everyone’s in our 
situation but, again, we’re all in the situation where the cost of living is exorbitant now ” 

 “Yeah, two doors down they were telling me that their [electricity bill] has gone up. Up to 
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the point where theirs was only like $300 and now it’s like $700.” 
RELATIVE VALUE: 
The conventional use of septic tanks by Kinglake residents 
before the bushfires has meant residents are comparing 
the cost of maintaining a septic in comparison to the new 
system and questioning whether the costs are justified. 

 … the septic tank was virtually free, you know, your septic tank just fills up and we pump it 
out every so often. 

 Are we better off paying out money to have something that just runs without any cost?   
 

COST CLARIFICATION: 
There was confusion with one resident not knowing who 
was responsible for paying for certain parts of the 
installation. 

 I didn't know whether it was Schultz who had to do that or I had to.  My initial thought, even 
though I purchased after the fires, was all this system was going to go ahead before the 
fire happened.  So therefore I thought connection would be… they'd be doing the whole 
lot.   



176 
 

 
LINES OF COMMUNICATION 

COMMUNICATION WITH YVW: 
Two residents said they had been unable speak to a YVW 
representative with knowledge of the sustainable sanitation 
project and the UD systems. Both misleading information 
and an inability to forward the caller to knowledgeable staff 
was experienced. 
 

 I’d actually rung someone from Yarra Valley Water I made a phone call there it’s six 
months ago, when I decided to build… She told me that it wasn’t going ahead until the 
end of next year and to ring back then. 

 The person on the phone had no idea about (the sanitation project), and couldn’t put me 
through to anyone who did or anything like that. 

 

COMMUNICATING WITH PLUMBERS: 
There have been issues communicating with contracted 
plumbers installing products. This lack of communication 
has subsequently left a number of residents feeling 
confused about the process of installation. One resident 
perceived communication issues during building to have 
financial implications further down the track. 
 
 
 

 People have just put products in and under my home and haven't said a word.  So I don't 
know what's going on… 

 It would be nice to know when the contractors are turning up and doing things and what 
process they have in all this business.  When I get to my tile stage are they going to 
contact me or I contact them and they come and then put the toilets in apparently or do I 
put the toilets in.  I don't know this, I've been told they do but then you speak to them 
inside and they go oh no  

 …'cause it was done straight up without us communicating [about putting in the toilets] 
about what was happening, like surely it could’ve been put further away from the wall so 
that we could eventually, if we decided we don’t like the toilets, when it stops or whatever 
happens down the track (take them out), but now it’s going to be quite costly to do that.  
[This comment relates to the positioning of the sewer plumbing for a UDT being 
significantly closer to the toilet wall than a standard Australian toilet. Also see Appendix 2 
Installation Issues.] 

COMMUNICATION BETWEEN PLUMBERS AND 
TRADESMEN: 
A lack of communication between tradesmen meant there 
were situations in which contracted tradesmen were 
unaware of the sequence of events that needed to be 
followed in installing the new system. 
 

 
 

 I had my electrician organised to put the power there.  They said no, you need more 
power which is a real issue once your house is already built 'cause now I’ve got horrible 
looking holes in my walls.  You know, it should’ve been – right from the start we’ve got 
three pumps.  This is how much power we’re going to need and it would’ve created – 
unhappiness. 

 Like normally you do a sort of a meeting with your supervisor but they just turned up and 
started for the concrete one day and we thought ohh. So I had to ring Chris and say 
you’ve got to get round here and tell us what’s going on and what we need to do because 
otherwise it’s too late once the slab’s down. 
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PLUMBING PRACTICES 
PROJECT MANAGEMENT:  
Some residents said that the project could have been better 
organised with a project manager to oversee the 
installation. 
Although the novelty of the system has provided 
understandable challenges for plumbers some residents 
perceived a lack of co-ordinated project management. 

 Yes, xxxx who’s very good but he’s quite young…from my perspective, if I was running a 
project like that, I would probably look for somebody a little bit older …who may be not - 
wasn’t a plumber, but who could be negotiating.  

 …I guess a project manager almost [is needed]…but I thought xxx was playing that role - 
who would be there just to go now what do you want? Then go to xxx now this is what I 
want you to do. To really supervise the whole - so that there was no angst. 

 
TIME MANAGEMENT: 
Two residents in particular have suggested the installation 
of systems has taken longer than expected. Residents said 
that this was an issue of plumbers managing time and 
keeping residents informed of when they are expecting to 
have systems installed. 

 I’ve known that some of our neighbours have complained that there’s been issues with 
work being done when they weren’t there or work not being done when they thought it was 
going to be done (HEARSAY). 

 Well it seemed to take forever.  Once they start a job, it just went on and on and on. 
They’re trying to multi-task. Of course, that’s difficult because people are wanting it now 
and this. So they have to leave one job to go to another job. I understand… 

KEEPING RESIDENTS INFORMED:  
In managing the installation of the systems there has been 
a lack of co-ordination between contracted plumbers and 
residents with two residents suggesting work is being done 
without prior knowledge. Issues in co-ordinating the 
management of the installation are compounded by lack of 
communication (as discussed above). 

 I'm sick of people walking in on site too and just doing what they want.  I'd rather someone 
contact me.  If there's a fence there with a gate, they have to ring me or they're jumping 
the fence and they're breaking and entering. 

 There's no phone calls to say when and what they're doing things.  You'll turn up to your 
house one day and there'll be someone under the floor and you won't know what's going 
on or what parts - I've rung… 

 They dug up the whole of the front garden. I didn’t expect that, I think. 

POST INSTALLATION CLEANUP: 
There has been an expectation by residents that plumbers 
would clean up after themselves which in some cases has 
not been met. 
 

 Well they need to clean up their act a bit and get things done.  I had all green grass…they 
dug a big hole and then just spread the mud out.  I said … that's not clean enough … take 
it. But they couldn't be bothered as I can see getting a truck and driving it around the back.  
They just dumped all the shit there. 

 Like I'll show you I've had my septic tank was dug out and put here but then they've just 
dumped all the rubbish here and that's been a month and a half later.  I want to put up my 
front fences and I've asked them three times to move it.   

INSTALLATION PLANNING: 
One resident suggested management of the installation 
was hampered by plumbers not following building plans but 
rather installing tanks in an ad hoc manner. 
 
 

 They dug a hole for a tank over here and I said that's not where the tank's going.  It's 
going in over there.  I'd actually sent a copy to Yarra Valley, got it all drawn it out and then 
he came and marked it out one day.  I said that's not where it's going.  I said you've got 
the plan and he said oh no I've left the plan in the offices back in … Hill.   

 Our issues haven’t been with using it.  All the issues have come from putting it in.   
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5. Analysis of post-installation interviews with Kinglake West residents 
Post-installation interviews were based on transcripts and field notes, and are arranged around the key themes that emerged in the research 
and summarised below. The following tables expand on these key themes and presents excerpts from interview transcripts to reinforce these 
themes. 
 

THE TECHNICAL FUNCTIONALITY OF THE URINE DIVERSION TOILETS 
 
ODOUR ISSUES 
Odour has not been a major issue with the 
residents interviewed to date.  In two cases 
the residents could identify the causes of 
urine, e.g. after urine collection and 
incorrectly laid pipework 

 Not that I recall; inside or outside. 
 We have had odour issues because it’s (urine tank) been emptied. I just spoke to Graham and he 

said I’ll come back and clean it - empty it out next week so we’ll see how it goes this time. No it 
only started when it emptied (the urine tank) 

 We do have (have odour) - because the [system’s] not running the way it's supposed to…we are 
having problems with odour from the pipage outside... 

 They smell every so often, they’ve been smelling for the last couple of days 
 That seems to have disappeared because, of course, the urine goes straight down the hole.  It 

doesn’t sit there in the toilet bowl.  
  It sort of pongs a bit sometimes but not really no. 

 
 CLEANING IS AWKWARD 
The design of the toilet has been problematic 
for residents to clean. One resident 
suggested the need for different shaped 
brush to clean the urine divider 

 They’re still a pain in the butt to clean and that side of it but no I’ve got used to them now I think. 
 The little brush could have a longer handle on it perhaps. 
 I've been looking for a flat toilet brush because they're actually quite fishy to clean with a bog 

standard bog brush.  Apart from that they're fine. 
 It's just hard to clean it without getting your hand in there.  I don’t mind that because I'm a [de-

identified].  Other people, of course, do mind that.  Apart from that they seem fine. 
 They’re really awkward to clean.  They’re good…but they’re shocking, awful to clean, the design 

is shocking. We’ve got no problems using them, it’s just a bad design 
 

 
INADEQUATE FECAL SEPARATION 
The  barrier separating urine causes fecal 
matter to remain on the divider, this create 
another challenge to cleaning and in one 
instance a resident has noted twice as much 
water  required for cleaning the bowl 
 

 
 …there’s  poo hitting the barrier which means more cleaning. 
 Um (laugh) still the same problem with the solids hitting the….barrier….because you’re using…its 

just lucky that you’re using recycled water because you have to flush the toilet twice every time 
you go. Cause once you flush it, you’ve got to brush it and flush it again. 

 We haven’t got any issues apart but sometimes we get poo stains on the dividing bit.  That's 
probably the only thing that I can think of that's an issue.   
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CLEANING MATERIALS 
The supply of citric acid has been valuable 
during cleaning with one resident 
experiencing reduced odor after use. 

 I've used the citric acid a couple of times and it was all good.  That little tiny brush is fabulous for 
the odd occasion that you get a bit of paper down there by accident and it's blocked. 

 that (citric acid) got rid of the smells, Yeah I was a bit  concerned about that, not that it was bad 
but since we used it a couple of times (citric acid) and that was great 

 
FLUSHING MECHANISM 
The flushing mechanism has been 
inadequate for some residents in clearing the 
bowl, notably the full flush 

 I find that the flush side of it isn't adequate.  The full flush to get rid of bowel motions doesn't have 
enough water behind it but that maybe because of my particular circumstances because I've got 
the (de-identified disease) but no one else has complained about it in that respect so I'm thinking 
it's more my issue - my specific toilet type thing. 

 Elise, she was saying that we might have to get someone it to actually fix one of the two toilets in 
an increase in flush and that should take care of it. 

 Ummm….ummm…I don’t know it’s hard to say, I sort of got used it now so…but that’s my only 
concern that you have to flush it twice every time you go but as far as everything else is 
concerned it is working well and its serviceable and yeah its good. 

SOCIAL ISSUES INVOVLED IN USING THE URINE DIVERSION TOILETS 
 
FEMALE USERS QUESTIONING MALE 
USERS HABITS OF PRACTICE 

 
 …men stand up that's plain and simple.  That's what they're used to doing and what they're 

comfortable with.  There is a bit of issue of splashback as far as aiming for the right spot. 
 I think it's more an issue of changing the males' habits long term - something that they're used to 

doing and are going to find difficult.  But again the principle behind it is wonderful. 

 
URINE COLLECTION 
There have been questions about when the 
tank is being emptied with one resident 
asking children not to flush toilets as she was 
concerned about overflow in the urine tank 

 … a guy come out yesterday and he said he was going to check the tank but he was only here 
for a really short amount of time and he left.  So again I don't know if he collected or what he did - 
I didn't actually sit there and watch him. 

 Yeah well he said, is it okay if I come in - and it must have been him because he said, is it alright 
if I come in every once and a while if you're not home and do what I've got to do.  I said, no go for 
it.   

 I don’t actually know if [de-identified] has been to empty the urine tank, but I don’t think he has.  
He measured it, but I don’t think he's actually emptied it yet. 

 He actually was great - he cleaned up after himself and put the soil all back and that was it.  So 
I'm assuming that's what he came for. 

 [de-identified] across the road has had hers emptied already and but I’ve been here for 6months 
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and haven’t had mine emptied yet, I just don’t want there to be a leakage or something. They 
checked today and its nearly full. I think we’re not flushing so much and because the grey water 
system isn’t working I’ve asked the girls not to flush so much 

 
BLOCKAGES 
There are fewer concerns about blockages of 
toilets in the 2nd round interviews conducted 
to date with the blockages noted viewed as 
minor issues. One resident suggesting the 
urine brush was helpful 

 
 We have small blockages, and a big blockage when we first moved in, we only get small ones 

now, the urine doesn’t go down fast and is backing up 
 No problems. I was actually impressed because I thought maybe there'd be an issue with me 

having to come up every five seconds to unblock the front bit but no, it was just the once (during 
a party involving 50 people). 

 That little tiny brush is fabulous for the odd occasion that you get a bit of paper down there by 
accident and it's blocked. 

 We haven't had a blockage yet but we notice that sometimes it (paper) falls in the front and 
you've manually got to pick it up and put it in the back.  Again you've got to wash your hands 
anyway so what difference does it make.  But I think it's more an issue of getting used to the 
system more than anything else. 

INSTRUCTIONAL MATERIAL 
 
URINE DIVERSION SIGNAGE AND 
MANUAL 
The UD manual has been helpful in 
instructing family and friends on how to use 
the toilets, one resident noting there isn’t 
reference to vomiting and another highlighting 
she didn’t receive the signage for the back of 
the toilet door 

 I did make a bit of a mess in the old loo there. There's nothing in the instructions about number 
threes.  

 I just say to them (friends and relatives visiting), have a look at the chart. 
 The poo and pee key chains, they're hanging in my bathroom. But I bring them out occasionally 

and people are amused with them. 
 …the signage is fine.  We put it up specifically in our second toilet - not the one in the ensuite 

because if anyone comes and visits us - that's the toilet they'll use so we put it in that one and the 
only problem again I see with that is little kids.   

 We got a welcome pack with the blue water saver booklet and the citric acid and the little brush 
but, no, I don’t think we got any signs. 

 (After a party of 50 people) They all read the little notice that we put on the back of the toilets. 
There was a couple of people actually that said they'd read an article about it somewhere. So 
yeah, they'd had a bit of an insight into it. So they were all very interested and it didn't seem to be 
an issue 
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DEALING WITH TRADESMEN 

 

 

 

 

 

 

 

 
COMMUNICATION 
BETWEEN TRADESMEN 
One resident interviewed 4 
weeks  after moving in noted 
the lack of communication 
between builder and 
plumbers  
 

 
 Unfortunately we had a lot of problems between the builders and...Schultz because there was lack of 

communication between them. Schultz - they guys themselves were wonderful - they've been available to talk to 
us and let us know what's going on as far as that's concerned.  They've had minor issues like there was 
additional hole put into one of the main pipes that ran below ground and they didn't close it off and I mentioned it 
to them previously. But we had to dig around the hole again so that they could go back in and actually close it 
off. So minor things like that but Schultz has been fine.  They're just doing their job too. 

 
PLUMBERS 
COMMUNCATION 
In contrast to 1st round 
interviews, residents had 
more positive  experiences in 
communicating with the 
plumbers and their response 
to arising problems 

 
 But I mean the guys are doing the best they can.  If they don't know something - they'll get back to us. 
 We've had things like…not all the plugs have been plugged in when they're supposed to have been and things 

were supposed to happen and they didn't because it wasn't quite done.  But again it's all just teething issues - 
it's 

 nothing serious and it's just a matter of shut up and get on with it. 

 
STRESS OF BUILDING 
Importantly noted is the 
stress placed on residents in 
dealing with tradesmen on 
site for extended periods of 
time. 

 
 Yes.  I guess we're all pretty all a bit over the builders and plumbers, for varying reasons - not because of the 

system, but just because it all came at once.  Do you know what I mean? You've got workmen on site all the 
bloody time….So it doesn’t take much to tip us over the edge these days. A low threshold, you know. 
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ADOPTION OF A NEW SYSTEM 
 
WILLINGNESS TO ADAPT TO 
TRIAL AND ERROR.  
While there have been technical 
and social issues arising 
throughout installation a number 
of residents have suggested 
they were willing to put up with 
the inconvenience of trial and 
error and were willing to adapt 
to those problems if the 
problems are resolved. 

 
 Of course it's a new system and of course new systems are going to have hiccups that it's going to take a while 

for the owners to get used to.  Besides that I mean its fine. 
 

 It's not just us that's learning - it's them and it's also - you get people unfortunately with our situation who are 
still a little bit tempered and want it done perfectly the first time with no hassles - that's not going to work.  
You've got to realistic in that respect too. 

 It's not going to be fool proof - it's not going to be spot on every time.  As long as we're all cool, calm and 
collected about it - we'll get through it. 

 Look, I mean we can't say anything bad about the system.  I don’t have any issues.  The initial teething issues 
with the alarm going off, they all got sorted once we actually got water in the system.  I know that my 
neighbours do have problems. 

 No, no. It's too early days. I mean I'm sure there's a few trial and errors going on. So, so far so good.  
 At this point it's little hiccups that come along the way.  We discuss it with the guys that are here or they get 

back to us later on and tell us what the resolution.  But everything that we've come up with so far has been 
resolved one way or another so we're doing pretty well. 

 It's a lot of minor things - it's a bit of leakage in the tanks themselves but the guys are all aware of it - they've 
been here sort of off and on ever since we moved in pretty much and they've been tackling the problem as it 
comes up.  So it's not been an issue in that respect. 
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6. Interview questions to determine learning in the YVW trial (conducted with 
YVW staff, contracted tradesperson and myself as the research consultant)  
To evaluate learning that had occurred in the YVW trial semi-structured interviews were 
conducted with key YVW staff members and a contracted tradesperson (and myself as 
the research consultant) involved in designing, implementing and managing the project. 
Interview questions to explore what had been learned, how this learning occurred, what 
had hindered/supported learning and changed as a results of the learning are 
presented below  
 

1. FORMALITIES 

Before we start, I just wanted to let you know that our discussion will be an anonymous 
conversation and you won’t be identified with anything you say.  
 
I’d also like to get your permission to record this conversation to help with research and 
note taking. Is that OK? 
 
 
 
 

2. Orient interviewee and EXPLAIN WHAT I’M GOING TO TALK ABOUT  

So just to give you an brief overview, what I wanted to discuss with you was your 
experience in being involved in the Kinglake West project and what you feel you’ve 
personally gained or learned as a result of being involved 
 
 

3. QUESTIONS 

Identify roles and expectations 
 How would you define your role in the project? what was the part you played? 
 Was your involvement in the project what you expected? Were there 

unexpected situations you had to deal with? 
 
What learning has occurred? 

 In regard to installing new systems (such as UD) what do you feel you have 
learned from the process? (consider triggering insights into technical, social and 
process related issues) 

 Personally, what experience do you feel you’ve gained as a result of being 
involved in the project? 

 What do you think your most significant learning experience has been? Could 
you tell me about it? 

 
How did the learning occur? 

 What was the situation that triggered the learning? 
 What was the context and who was involved? 

 
What hindered/supported learning? 

 What do you think worked well in the Kinglake project? And why? 
 What do you think didn’t work so well? And why? 

 
What changed as a result of learning? 

1. If you had the opportunity to start over in this project, knowing what you know 
now, what do you think could have been done differently next time? 
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7. Briefing Paper for Learning Evaluation Workshop 
with analysis of interviews with YVW staff 

 

 

 

The following briefing was sent to the 10 YVW staff members involved in managing and 
implementing the YVW trial. Staff were asked to read the briefing before attending the 
workshop in preparation for discussing their most significant learning experiences in 
the YVW trial (on Wed 10TH August, 2010, 2-5pm) 
 
Introduction 
The social and technical challenges in implementing urine diversion at Kinglake, as 
well as at the University of Technology Sydney, have led to the insight that social 
learning is a critical ingredient for facilitating socio-technical transitions.  
 
The aim of this Evaluation Task is to determine how social learning is occurring 
amongst the key stakeholders associated with implementation of the Kinglake 
sustainable sewerage strategy, and help Yarra Valley Water to articulate what has 
been learned within the organisation thus far.  
 
The value for YVW in tracking social learning throughout the sustainable sewerage 
initiative at Kinglake is that it:  

 Provides an opportunity to reflect on both negative and positive outcomes  
 Provides a means of collating and synthesizing multiple learning experiences 

throughout the project 
 Provides a way of developing practice-based, industry-relevant 

recommendations for implementing strong innovations in the future, both within 
Yarra Valley Water and for the sector more broadly. 
 

This document draws together the themes that emerged from the face-to-face 
interviews that you as key project stakeholders participated in. These main ideas will 
be the starting point for the workshop to be held on 10 August. 
 
Methodology for identifying themes - Our researchers started by getting an overview 
of all the interviews (i.e. listening to the audio recording of each interview in full, and 
reading each transcript in full) 
 
The transcripts were then analysed to elicit over 70 key issues or themes in relation to 
the key research question: ‘what has been learnt about implementing innovative 
sustainable water services in Kinglake?’ Using NVivo software the transcripts were 
analysed to reveal the number of interviewees referring to each theme, the number of 
times interviewees made reference to each theme, and how the theme is associated 
with other themes – see Appendix B for the full list. 
 
We then identified a subset of the most important themes.  We judged a theme to be 
important if it was raised by 5 or more interviewees, or if it was particularly pertinent to 
the research question in italics above. The selection was reviewed by our researchers 
and revised twice through an iterative process to arrive at a summary of 23 key 
themes. 
 
Outcomes 
To provide a framework for communication, the outcomes or learning from the YVW 
interviews have been structured under three broad categories: 
5 Customer engagement –arising from the engagement of customers throughout the 

trial that have triggered learning and reflection for YVW staff  
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6 Project design and management –issues associated with the design of the project 
and on-going management of YVW staff and contractors  

7 Project implementation –arising from the installation and implementation of systems 
on-site and engagement with contactors, builders and homeowners  

 
The interviews have provided a wealth of insights, but few of us have the time to read 
through them all, so we have sought to document the insights in accessible ways that 
allow glimpses of the richness.  
 
At a high level, in this document, we provide in the next few pages 7-10 themes for 
each category.  For each theme, we have distilled relevant interview quotes into a 
synthesis of a few lines.  Often, there are diverging views within one theme. As a 
minimum, we recommend you read the themes in this document before the 
workshop. 
 
We also recommend that you browse through the next level of detail because the 
range of quotations that relate to each theme are inevitably much richer than their 
distillations.  Each theme (see below) is exemplified by a page or so of illustrative 
quotes. We guarantee you will be intrigued and perhaps see things a little differently 
once you have browsed these.  
 
COMMUNITY ENGAGEMENT THEMES 
 
CE (a): Engaging with bushfire victims: The team identified a range of important 
consequences for both YVW and the residents as a consequence of the bushfires. 
Team members agreed Kinglake residents had different needs as bushfire victims, but 
there were divergent views on how well or otherwise YVW responded to those needs. 
YVW also suffered reputational damage because in the eyes of the residents, they 
were, at times, just another government department that wasn’t delivering on what they 
had promised. 
 
CE (b): Informing residents on the challenges of trialling innovation:  There was a 
diversity of opinion within the team in regard to the approach taken to engage residents 
in trialling innovation. Some of the team felt that YVW should have been more up front 
and open with residents about the fact this was a novel system, and therefore, despite 
YVW’s best efforts, things would likely go wrong.  Others felt the approach taken to 
engage residents in trialling innovation was adequate, reasonable and sound. 
 
CE(c): Inconveniencing customers with multiple disruptions: Residents were 
inconvenienced when pipework and technologies had to be re-installed due to faulty 
performance. The challenge in trialling unfamiliar systems is that mistakes occur, 
systems are wrongly installed and consequently due to the inconvenience of multiple 
disruptions tensions between YVW and residents arise. Being victims of the bushfires 
exposed residents to further interruptions.  
 
CE (d): Learning gained from individual verses community engagement: There 
were mixed opinions on the value of engaging with residents through a community 
meeting to discuss arising problems. While there was widespread support for the 
approach taken to engage residents through a community information night, some 
team members felt a more intense conversation with the community could have been 
constructive, and suggested YVW needed to learn how to deal with communal 
criticism.  
 



186 
 

CE (e): Keeping lines of communication open with residents and the community: 
Throughout the development of the project, increasing importance has been placed on 
communicating to residents how the trial was developing, the inherent challenges 
associated with trialling innovation and the impacts on the residents of adopting these 
alternative systems. 
 
CE (f): Adopting appropriate communication tools for community engagement: 
Using forms of communication that were appropriate for conveying information to 
Kinglake residents was recognised. Some team members felt residents were not 
sufficiently engaged and therefore did not have a thorough understanding of the 
consequences associated with adopting the system, such as the financial impacts. 
Team members commented on the effectiveness of conducting face to face meetings 
upfront to establish rapport and clarify how the system would impact resident’s day to 
day life. 
 
CE (g): Clarifying legal rights of YVW staff and residents: For some team 
members, there is a lack of clarity around whether there were signed agreements by 
residents in taking part in the trial, this has subsequently created concern in regard to 
the legal rights of YVW staff (and customers) in working on residential properties. 
 
PROJECT DESIGN AND MANAGEMENT THEMES 
 
PM (a): Taking ownership of the project, whose responsibility is it?: Ownership of 
the project has been commented by team members from a number of different 
perspectives. Externally, outsourcing contracts, (and subsequently subcontracts) 
decreased responsibility and ownership for the project. Internally the issue of 
ownership was viewed by some team members as being inadequate within the team 
where an absence of departmental ownership exists. 
 
PM (b): Departure from conventional YVW processes of management:  The 
Kinglake project was not managed through standard YVW processes, but the reasons 
for this were unclear. A particular issue was that the planning team did not forward the 
project to the asset creation team after the initial design phase as would normally have 
occurred. A number of team members commented on the consequent lack of expertise 
in managing field work by the planning team.  
 
PM (c): Lack of regular internal communication and team meetings:  A general 
observation was that team meetings were fragmented, irregular and did not always 
involve necessary team members. Many felt that internal communication through 
regularly scheduled project meetings would have contributed to identifying and acting 
on emerging problems much earlier.  
 
PM (d): Structuring processes for reflective feedback : A number of team members 
noted the need to build-in reflection throughout the project to gain insight into how the 
project was progressing and apply what was learnt. For example, the lack of reflection 
on the evolution of the project from a retrofit to a greenfield meant the project was not 
managed as a greenfield site would have been. One suggestion was to have reflective 
feedback from an external peer reviewer group as a way of operationalising reflection. 
 
PM (e): Identifying motivations and incentives for adopting sustainable 
innovation: The majority of team members commented that careful selection of 
residents is required in trialling new systems. Many members of the project team felt, 
financial incentives were a major motivation for residents in taking the system but for 
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the long term viability of the systems there was a common perception that residents 
also needed to be motivated by the environmental benefits of the system. 
 
PM (f): Understanding the pros and cons of new technology: A common view 
amongst team members is that there was a lack of understanding and internal 
knowledge about the technologies adopted and that if a better knowledge base existed, 
problems could have been identified earlier. Some team members commented that 
knowledge was not only required about individual technologies but also how a 
combination of technologies functioned together. 
 
PM (g): Inappropriate technology selection for the community: Some team 
members saw conservative water use practices, unsuitable climatic conditions and 
increased capacity of rain tanks at Kinglake, as incompatible with the use of greywater 
systems. A few team members felt the conditions set for funding the project, 
constrained the direction of the project once funding was committed - eg. residents 
were required to take the greywater system to be part of the trial. 
 
PM (h): Pre-piloting technologies to iron out the kinks: The circumstances 
triggered by the bushfires meant that building and installing systems occurred rapidly 
without time to reflect on arising issues, consequently oversights in planning occurred. 
Many commented that in retrospect, it would have been beneficial to select a smaller 
sample of homes, or pre-pilot new systems in a more controlled manner where inherent 
problems in new technologies could be dealt with on a smaller scale. 
 
PM (i):  Auditing, compliance and regulatory engagement: Regulatory support was 
viewed as necessary at different stages of the project. While one interviewee saw 
engagement with plumbing regulators (PIC) enabled approval of technologies, another 
interviewee perceived a disappointing lack of interest by the PIC in the novelty of the 
trial. The lack of certification of new plumbing works by the PIC required YVW to audit 
compliance of plumbing works by contractors who in some cases were not working 
within the regulatory scope of the project. 
 
PM (j) Pride as a staff motivator: The innovative nature of the Kinglake project, the 
opportunity act as leaders in the area of sustainability and the unprecedented 
investment in social research on the project was commented on by the majority of team 
members who were proud and excited to be part of such a pioneering project. 
 
PROJECT IMPLEMENTATION THEMES 
 
PI (a): Lack of experience and processes to support YVW staff working on 
residents properties: The Kinglake project presented a new way of working with 
residents where YVW staff and contractors work on resident’s properties as opposed to 
a more public space. This is not only a new experience for YVW staff but also 
presented a dilemma in that there are no established processes and systems in place 
to support such interaction with residents. The lack of experience in working in this way 
means there have been mistakes made in interacting with residents on-site. 
 
PI (b): Learning through trial and error: The process of learning through the 
experience of installing systems and rectifying initial mistakes has meant that the first 
round of installations has been characteristically problematic. But through the 
experience of learning-by-doing a greater knowledge of the range of issues associated 
with trialling innovation has been gained. 
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PI (c): Co-ordinating plumbers, builders and home owners: The challenge in 
installing novel systems in a greenfield project is that coordination is required between 
YVW, the homeowner, builder and plumber/s during the construction of the house. 
Communication and co-ordination between all parties was perceived as critical in 
installing new systems correctly. 
 
PI (d): Proactive community engagement: Maintaining good communications with 
the community was recognised as central to YVW’s project implementation. Some 
team members felt that the skills of YVW’s community engagement staff should have 
been utilised to a greater extent.   It was commonly agreed that plumbing contractors 
should not be negotiating work with customers on behalf of YVW. 
 
PI (e): Outcome focused rather than process focused: The complexity of 
implementing the project meant that some YVW staff took on new responsibilities to 
meet the needs of residents and deliver the job. The approach by some team members 
was outcome focused rather than process focused, that sometimes meant going 
beyond conventional work descriptions, and thinking outside the square. 
 
PI (f): Inadequate management of plumbing contractors:  Management of plumbing 
contactors was viewed by many as being inadequately administered. The combination 
of substandard plumbing skills, subcontracting work to plumbers with little ownership 
over the project and the lack of adherence to basic plumbing code practices culminated 
in considerable rework of poorly installed system 
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