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Abstract 
Design for Sustainable Behaviour (DfSB) is an emerging research area 

concerned with the application of design strategies to influence consumer 

behaviour during the use phase of a product towards more sustainable action. 

Current DfSB research has primarily focussed on strategy definition and 

selection, with little research into formalising a mature design process through 

which to design these behaviour changing interventions.  Furthermore, 

understanding the actual sustainability and behavioural impact yielded through 

such investigations is limited in addition to the suitability and transferability of 

evaluation methods and results having seldom been discussed.  This thesis 

investigated how DfSB models and strategies can be implemented within a 

structured design process towards a sustainable change in user behaviour.  

This was achieved by focussing a case study within the UK social housing 

sector with the aim of reducing domestic energy consumption through 

behaviour changing intervention, whilst maintaining occupant defined comfort 

levels.  

Following an in depth study of physical and behavioural control mechanisms as 

well as comfort and energy within the research context, a behaviour changing 

prototype was developed through an augmented user-centred design process, 

resulting in a physical manifestation of one specific DfSB strategy – feedback; a 

user agentive performance indicator.  In order to evaluate this feedback 

prototype, an evaluation framework was developed, targeted at the three 

fundamental questions that arise when faced with the evaluation of a DfSB 

strategy led intervention: (1) Did the produced design solution function for the 

specified context? (2) Has the user’s behaviour changed as a consequence of 

the design intervention? (3) Is the change in user’s behaviour sustainable? 

Applying these core questions in practice through focus groups and user trials 

resulted in an evaluation of unparalleled depth.  

The findings of this thesis illustrate the success of using this augmented design 

process and tripartite questioning strategy towards the design and evaluation of 

a DfSB strategy led intervention, building a vital knowledge platform for the 

formalisation of transferable DfSB theory, design and evaluation methods.  
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Introduction 

1 

1 Introduction 
This section outlines the research context, as well as the aim and objectives of 

this research project.  This section concludes by framing this research project 

within the doctoral research system and other parallel inquiries to which this 

research is attached. 

1.1 Research Context 
In  order to maintain the ecological, social, and economic base for the societies 

of today and tomorrow, responsibility must be taken to manage the ways in 

which natural systems are exploited (Bhamra and Lofthouse, 2007).  The 

Climate Change Act 2008 (UK Parliament of the United Kingdom, 2008) set out 

the target of achieving a UK reduction of greenhouse gases by 2050 to at least 

80% of those recorded in 1990.  To reach this objective the ‘carbon budget’ for 

the ‘budgetary period’, up to and including 2020, is to be at least 34% lower 

than the 1990 baseline (UK Parliament of the United Kingdom, 2009).  By 2008 

the total UK greenhouse gas emissions by end-user’s had dropped by 19.1% 

(DECC, 2008) compared to the 1990 baseline, thus signalling that much work is 

still required in order to even reach the 2020 target.  The residential sector 

accounted for 24.3% of the total UK greenhouse gas emissions in 2008 (DECC, 

2008), presenting domestic energy consumption as a salient target for energy 

and greenhouse gas reduction. 

Domestic energy consumption by end use in 2007 can be further granulated 

thus: 43.9% to space heating, 30.0% to lights and appliances, 22.3% to water, 

and 3.7% to cooking (DECC, 2009), however, given the sociotechnical nature 

of the relationship between energy supply and consumption, energy 

expenditure in two identical homes can lead to a factor of two difference 

(Darby, 2006).  The behaviour of the inhabitant plays an equal or greater role in 

domestic energy consumption than the specification of the technological 

devices that populate them.  Furthermore, the recent economic downturn has 

seen a decline in the building of new housing stock and more efficient central 

heating systems (Mintel, 2009).  The installation of system upgrades in existing 

stock to more energy efficient systems is also on the decline unless deemed 

essential (Mintel, 2009).  Solving the problem of reducing domestic energy 
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consumption through new product efficiency (for example, a condensing boiler 

uses 37% less energy than a standard boiler (Energy Saving Trust 2006)), can 

therefore not be seen as a ‘silver bullet’ solution.  The ways in which inhabitants 

interact with their current energy using domestic systems and context, such as 

in the attainment of domestic comfort, is therefore a more tangible target to 

achieve any feasible reduction in domestic energy consumption. 

Current domestic thermal standards promote energy intensive consumption in 

order to be comfortable, which in tandem with the low adoption of more energy 

efficient technologies, places the attainment of domestic comfort on an 

unsustainable trajectory (Chappells and Shove, 2005).  Technical standards 

that guide the building industry propose that comfort can be defined through a 

narrow band of physiological ‘comfort conditions’ (Shove, 2003), through 

functions such as; clothing, activity, and environmental variables (Cole et al., 

2008) in order to generate ‘thermal neutrality’ (Fanger, 1970).  Furthermore, the 

standards rooted in the early laboratory experiments of physiological comfort 

researchers such as Fanger (1970), perceive the inhabitants as passive 

recipients of their environment (Cole et al., 2008), with little or no feedback, 

control or understanding required by the occupant of their thermal conditions.  

Inhabitants, however, have been shown to not be passive recipients of their 

environment as the standards suggest, but are active in the optimisation of their 

environment through interaction and control based on their climatic and cultural 

context (Chappells and Shove, 2004).  Such contexts include cultural traditions, 

gender and power interplays, social normative values and status, as well as 

symbolic values such as aesthetics (Chappells and Shove, 2004).  Comfort, as 

Chappells and Shove (2005) state, is a contextually derived dynamic entity. 

In order to support a re-contextualisation of comfort (Cole et al., 2008), to move 

away from the energy intensive practices produced by the current narrow 

banded laboratory derived standards, there has to be an understanding of the 

contexts and behavioural mechanisms through which comfort driven 

interaction, mediation, and consumption is shaped and takes place.  Through 

this socio-cultural and behavioural understanding of comfort, design 

opportunities become available to influence the inhabitant’s domestic energy 

consumption towards a more sustainable goal. 
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1.2 Project Context 
The primary role of this research investigation is to support the research 

student’s doctoral thesis submission in partial fulfilment of the requirements for 

the award of Doctor of Philosophy of Loughborough University. 

The secondary role of this work is to support Loughborough University’s 

contribution to the Carbon, Control and Comfort [CCC]: User-centred control 

systems for comfort, carbon saving and energy management project, funded 

through the E.ON and Engineering and Physical Sciences Research Council 

[EPSRC] Energy Efficiency panel (EPSRC, 2010).  The CCC project, as 

represented in Figure  1-1, is an interdisciplinary UK project attempting to 

reduce domestic energy use by 20% in social housing, through the user-

centred design of feedback interventions to change behaviour.   

 

Figure  1-1 The CCC Project and the Two Areas of Focus for this Thesis 
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Social housing within the UK can be defined as “housing that is let at low rents 

and on a secure basis to people in housing need” (Shelter, 2012).  The CCC 

project focusses on two social housing sites within the UK, in Merthyr Tydfil and 

Harrogate, although discussion of the Harrogate site is outside of the scope of 

this thesis.  Focussing on social housing helps in understanding a diverse 

social segment, which is possibly financially constrained, to comprehend better 

their energy consumptive actions and comfort needs.  Furthermore, engaging 

with social housing property owners provides access to a forum or community 

of occupants and dwellings with a similar base level of living quality and built 

environment.   

Due to the interdisciplinary approach to the project, several different 

schools/departments across multiple UK universities were responsible for 

managing different aspects of the CCC project at different sites.  Whilst 

Loughborough University were principally responsible for the user-centred 

design and evaluation of behaviour changing feedback interventions, the 

institutions most relevant to this thesis, aside from Loughborough University, 

are the Welsh School of Architecture at Cardiff University and Kings College 

London [KCL].  The Welsh School of Architecture directed the case study 

sample selection at the Merthyr Tydfil site as well as the selection, installation 

and management of the energy and domestic environment data recording 

equipment.  KCL was also involved in the Merthyr Tydfil case study, assisting in 

the collection and analysis of qualitative data.   

Although this doctoral research is not beholden to the CCC project, the close 

alignment of key project management aspects has resulted in several 

methodological directions and outcomes that may not have occurred if the 

doctoral research was wholly independent.  It is worth presenting these 

decisions and limitations up front, as they have substantial bearing upon the 

direction of this thesis. 

The choice of feedback intervention as the mechanism by which to pursue a 

reduction in domestic energy consumption was a conscious decision by the 

CCC project and adopted by this researcher, based on energy savings as 

reported by researchers such as Darby (2006) (discussed in section  2.4).  Due 
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to the prevalence of on-going research concerning the selection of a Design for 

Sustainable Behaviour strategy (discussed in section  2.6), it could be construed 

that a limitation of this research is a lack of consideration or proposition of 

terms or criteria through which the use of the behaviour change mechanism of 

feedback intervention was selected.  It could further be debated that feedback 

intervention, for example, may not be the most effective strategy to change the 

observed behaviour.  However, this author would argue that by not engaging 

with this phase of strategy selection, the design process and evaluation of 

feedback interventions specifically has been explored in greater depth and 

resolution than previous when compared to case studies of similar duration that 

attempt to explore strategy selection and all behaviour changing mechanisms in 

parallel (see section  2.6 for examples). 

A limitation of this research, which probably has had the most impact upon the 

results and discussions contained within this thesis, was the lack of technical 

monitoring data available, concerning both energy consumption and the 

domestic environment.  The quantitative evaluation of the initial contextual 

study and impact of the installed intervention in terms of raw data or analysis 

was not provided to this author by project partners throughout the duration of 

the CCC project.  As such, although it was anticipated, and to an extent 

planned for, the quantitative evaluation of the interventions impact upon energy 

consumption is missing and therefore not discussed.  Had the data been 

available, the answer to the question is the change in the user’s behaviour 

sustainable would have been more empirically quantified (as discussed in 

section  6.6).  This would need to be addressed in any further iterative design 

and evaluation cycle. 

Please refer to the relevant sections of Chapter  3 for further details on the 

impact of these institutions upon the research methodology and case study 

contained within this thesis.  Please refer to section  8.5 for a discussion on the 

further limitations of this interdisciplinary approach.   

For further information on the CCC project, please refer to EPSRC reference 

EP/G000395/1 via the EPSRC’s Grants on the Web facility (EPSRC, 2010). 
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1.3 Researcher’s Context 
Having established the research and project context, it is worth presenting the 

background and perspective of this researcher, as the researcher’s personal 

context and motivation impacts and resonates throughout this thesis. 

The author of this research holds a BSc, Product Design, First Class (Hons) 

from the University of Central Lancashire and an MSc, Industrial Design, 

Distinction from Loughborough University, in addition to experience as a design 

engineer and product designer in industry and design consultancies across the 

UK.  It was during the Industrial Design masters course when this researcher 

first became interested in Design for Sustainable Behaviour, working on 

sustainable design course projects under the tutelage of Professor Tracy 

Bhamra and the DfSB case study within Dr Debra Lilley’s thesis; two 

academics who would later go on to be this researcher’s supervisors.  

Following a two year absence from academia whilst working in a product 

design consultancy that specialised in medical equipment, this researcher 

returned to Loughborough to commence work on this doctoral study, spurred 

on by interest in the growing field of DfSB and the impending greenhouse gas 

reduction requirements as codified within the Climate Change Act 2008 

(Parliament of the United Kingdom, 2008).  This doctoral research capitalises 

upon this researcher’s experiences and skill set, with a specific interest to 

develop and explore theoretical issues through practical design investigation. 

1.4 Aim and Objectives 
The aim of this doctoral research is to investigate how Design for Sustainable 

Behaviour [DfSB] models and strategies can be implemented within a 

structured design process towards the reduction of domestic energy 

consumption within social housing properties. 

In order to achieve this aim, the following objectives will be completed: 

1. To execute a comprehensive literature review that will cover factors that 

influence household energy use, strategies that promote behaviour 

change, DfSB theory and practice and the ethical implications of 

changing behaviour through design. 
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2. To understand how inhabitants of social housing properties define and 

control comfort and its associated impact on their domestic energy 

consumption. 

3. To design and produce a feedback intervention prototype that intends to 

reduce domestic energy consumption whilst maintaining inhabitant 

defined comfort levels. 

4. To evaluate the feedback intervention prototype, using assessment 

criteria developed from the literature review. 

1.5 Thesis Structural Overview 
This thesis is comprised of eight chapters.  This thesis structural overview, 

along with definitions of the research and project contexts, and research aim 

and objectives form the initial introductory chapter to this research, Chapter 1 

Introduction.  The following seven chapters are outlined below; illustrated in 

Figure  1-2.  
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Figure  1-2 Overview of Thesis Structure 

The second chapter, Literature Review, draws together research pertaining to 

the issues defined in the research aim and objectives; factors that influence 

household energy use and the strategies available that promote a change in 

behaviour, including feedback.  It then moves on to discuss DfSB theory and 

the ethical implications of designing for behaviour change.  The chapter 

concludes with a summary of the gaps in knowledge, and the areas of 

investigation that the ensuing research will have to pursue in order to bridge 

these gaps. 

Chapter 3, Research Methodology, covers the research’s purpose and type, as 

well as the strategies that define the method required to answer the questions 
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set out in the research aim and objectives, and to bridge the gaps raised in the 

literature review. 

The fourth chapter, Understanding Control, Comfort and Energy in Context, 

presents the results of the context case study, which builds a picture of how the 

social housing participants in Merthyr Tydfil define domestic comfort.  This 

analysis includes a classification of the physical and behavioural mechanisms 

through which the participants practice this defined comfort, as well as how 

these interactions shape their energy consumption. 

Chapter 5 Design Intervention Development explores the design process, and 

how the body of data and analysis recorded in Chapter 4 were used to 

generate insights and opportunities that were developed into feedback 

intervention design briefs, and in the second half of this chapter, into selected 

design solutions and prototypes.  

The sixth chapter, Design Intervention Evaluation, evaluates the prototypes 

developed in Chapter 5 against the context case study baseline that formed the 

foundation of the design work in Chapter 4.  The evaluation discusses the 

functionality of the device, changes in the participant’s behaviour, aspects of 

sustainability, and ethical ramifications raised and discussed in the literature 

review. 

The penultimate chapter of this thesis, Chapter 7 Discussion, discusses the 

research presented in chapters 3 through to 6, against the literature review in 

the second chapter.  Such discussions focus on the pursuit of fresh air, the 

considerations and limitations of feedback as a behaviour changing strategy, 

and ends with a comparison between the developed design intervention 

process and extant DfSB theory. 

Chapter 8 Conclusions and Future Work is the final chapter of this thesis.  This 

chapter draws together the discussions of the previous chapter and constructs 

conclusions against the research aim and objectives as defined in Chapter 1.  

The contribution to knowledge is clearly outlined, and future work is discussed. 
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2 Literature Review 

2.1 Introduction 
This chapter draws together and 

reviews a body of literature from 

the fields of interest relevant to 

completing the aim and 

objectives of this doctoral study.  

In order to be able to achieve 

this task, it is important, 

therefore, to understand existing 

research and the research 

context in which they have been 

applied.   

 

2.1.1 Research Questions 
The following research questions were formulated to guide the literature review: 

1. How is energy consuming behaviour influenced and perpetuated by 

internal and external factors? 

2. What theories and strategies exist that explain and promote changes in 

behaviour? 

3. How can feedback be used as a behaviour change mechanism? 

4. Can products be specifically designed to change user behaviour towards 

more sustainable action, and if so, what design methods and tools exist 

and are they successful? 

5. What are the ethical implications of changing behaviour through design 

and can this ethical dimension form part of a controlled design process? 

2.1.2 Scope and Direction 
As discussed in  1.1 Research Context, in order to influence a change in a 

user’s behaviour towards more sustainable consumption through design, there 

has to be an understanding of the contextual and behavioural elements that 
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form the act of consumption.  The scope and direction of this literature review, 

as presented in Figure  2-1, is to draw together and discuss the factors of 

research relevance.  

 

Figure  2-1 Scope and Direction of Literature Review 

To this end, the initial section of this chapter considers the factors that influence 

household energy use.  Understanding the influencing factors revolves around 

understanding what the user’s knowledge and perceptions of energy are and 

how these are shaped by motivations and norms.  The chapter then considers 

antecedent and consequence interventions; strategies that may promote a 

change in this user behaviour.  Following a focus on the considerations and 

challenges of a specific behaviour change strategy, feedback, this chapter 

discusses the current position of Design for Sustainable Behaviour (DfSB) 



Literature Review 

12 

theory as a framework of strategies in order to design and implement behaviour 

changing interventions.  The final section of research interest within the scope 

of this literature review is to discuss the ethical implications of changing 

behaviour through design, an issue pertinent to the real world research 

application of knowledge garnered through this literature review. 

2.2 Factors Influencing Household Energy Use 
In order to promote a change in domestic energy use, it is critical to understand 

and diagnose the problem as well as the underlying factors that lead to their 

realization (Abrahamse et al., 2005).  It is also important to consider that we 

cannot rely on technological innovation alone to reduce domestic energy use, 

as technical efficiency gains tend to be superseded by an increase in 

consumption (Steg and Vlek, 2009). 

This section outlines the factors that influence consumption, focussing on the 

individuals’ knowledge and perception of energy and the various models of 

understanding.  

2.2.1 Attitudes Towards Energy 
According to recent literature, energy, to the individual, is invisible and abstract 

in its nature, conceptually perceived differently to other forms of consumer 

goods (Burgess and Nye, 2008, Fischer, 2008).  The cognitive framework 

developed by the individual relies on its associated activities, its indirect 

consumption, through disparate domestic actions such as cooking or heating 

(Fischer, 2008).  This can lead to incorrect cognitive links between energy and 

product use and operation, such as the heuristic that the size of an appliance 

dictates its amount of energy use, and the underestimation of the amounts of 

energy involved in domestic practices (Steg, 2008). 

Furthermore, energy is generally regarded as of low interest product due to its 

relatively low share of a household’s expenditure, its constant and featureless 

supply, as well as the consumer’s lack of fear over diminishing stock.  It is also 

not a product of status, nor is it attributable to a lifestyle choice in the same way 

as, for example, organic produce (Fischer, 2008).  Despite energy being a 
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“basic human need” (Darby, 2000, P.2), in general, energy is not consciously 

considered (Burgess and Nye, 2008). 

2.2.2 Models of Understanding 
The use of models within the context of human behaviour helps one to explore 

and understand the multiple facets of behaviour through a simplified 

representation of complex social and psychological structures (Chatterton, 

2011, Oxford English Dictionary, 2012).  By disaggregating the behavioural 

process into a heuristic framework of multiple parts, understanding of the 

underlying formation of behaviour is increased whilst also providing numerous 

points for further study or intervention.  Such models may also provide a 

framework against which to assess intervention (Jackson, 2005, Chatterton, 

2011).  It is important to consider, however, that these models are not perfect 

mathematical representations of behaviour; rather, they aid understanding in a 

simplified and theoretically descriptive manner.  The results and understanding 

accrued through the application of a single model can also not be said to be 

indicative of the behaviour of every person and at all points in time, as the 

social and psychological underlying structure of each individual differs and 

changes (Darnton, 2008, Chatterton, 2011).  

Models of behaviour not only differ in their approach and representation of 

underlying structures, but also may differ in their theoretical perspective.  To 

expand, models may consider the psychological rational antecedents of an 

individual’s behaviour, focussing on the actor, or it may take the sociological 

position of how societal elements form and define action, or practice 

(Chatterton, 2011).  The following sections look at these disparate perspectives 

in detail. 

2.2.2.1 A Sociological Approach to Practice 
From the theorist Bourdieu’s (1977) dense work through to the more recent 

advocates of practice theory, such as Reckwitz (2002), Schatzki (2001), Warde 

(2005) and Shove (2010), the conceptualisation of practice has been central to 

a sociological discussion of understanding what shapes action.  Taking Shoves 

definition of practice, which as will be discussed is the definition that has made 

the furthest foray into design process thinking; practice decentralises from the 
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concept of studying groups of individuals acting rationally and independently, 

the actor, towards units of doings or actions shaped through non-linear 

interconnected elements of materials, competences and images (Chappells 

and Shove, 2005, Kuijer and De Jong, 2012).  The term materials, does not 

relate to the physical fabric of which a product is constructed, rather the item, 

object or equipment itself (Shove et al., 2007), and more specifically, relates to 

the devices that facilitate action and provide infrastructure (Chatterton, 2011, 

Darnton et al., 2011).  Competences are the skills or knowledge required to 

perform an action, and images or meanings are the interpretations or 

perceptions of how and when to perform an action (Darnton et al., 2011).  

Taking these spheres from Shove’s Three Elements Model and applying it as a 

mapping exercise tool, Darnton (2011) presents a worked example of practices 

in relation to line drying as created by DEFRA, Figure  2-2. 

 

Figure  2-2 Example of the Three Elements Model (Darnton et al., 2011) (edited from original) 

Research into practice has further intensified recently due to the inclusion of 

design aspects (Shove et al., 2007, Shove et al., 2008), thereby moving the 

notion of practice from a reflective study or understanding, to a proactive design 

process for dealing with sustainability issues, such as bathing, thermal comfort 
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and home improvements (Kuijer and De Jong, 2009, Scott et al., 2009, Haines 

et al., 2012, Kuijer and De Jong, 2012).   

Although Shove’s Practice Orientated Product Design manifesto (Shove, 2006) 

begins the design debate, arguing that design process is fundamentally flawed 

as if it focuses on individual products and users, this has only recently started 

to be applied to aspects of design process by research academics (Kuijer and 

De Jong, 2009, Scott et al., 2009, Haines et al., 2012, Kuijer and De Jong, 

2012).  These initial studies demonstrated that using such an approach 

emancipates and empowers participants towards an understanding of what 

pushes them to act, yielding several practice-based concepts, in parallel with 

methodological learning (such as the need for action orientated methods and  

real world longitudinal testing).  

Despite the limitations of these first forays into combining practice theory with 

design process, they have illustrated that the inclusion of aspects of practice 

theory can offer a new perspective of understanding away from the traditional 

user centric view of products.  It is debatable, however, whether the argument 

that product design is focussed on isolated, individual and non-temporal 

components is as valid as Shove suggests in modern design practice and 

research.  User Centred-Design in particular, focuses extensively on the user’s 

relationship and the external and internal factors that define and impact upon 

their context of use and experience (IDEO, 1999, British Standards Institution, 

2010, McClelland and Suri, 2005).  Defining design in such a limited way is a 

very out-dated way of considering design, and would be unlikely recognised by 

modern design practitioners and researchers.  Ultimately, the real test to come 

is for practice-orientated design to invoke a large scale, society wide change 

through design that will generate its own materials, meanings and procedural 

contexts and understandings for future sustainable interactions. 

2.2.2.2 A Psychological Approach to Behaviour 
An alternative approach to practice exists within social psychology, centralised 

on the individual as the origin or actor of behaviour.  Behaviour from this 

perspective is viewed as being within a rational decision making process 

(rational in terms of being a process with known variables and deliberation).  
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Given a set of internal or external prompts, attitudes and values within certain 

constraints, the individual would make their intention to act, resulting in 

behaviour (Jackson, 2005, Chatterton, 2011).  Models that attempt to formalise 

this approach tend to be described as being linear models, which follow an 

Attitude-Behaviour-Choice/Context/Constraint [ABC] structure (Shove, 2010, 

Chatterton, 2011). 

Darnton (2008) presents an abridged collection of thirty-five models, each with 

the intention of explaining facets of individual behaviour.  Since 2008, the 

number of models has continued to increase, signalling two things; firstly, the 

cognitive processes underlying the nature of behaviour are of a high level of 

complexity, thus requiring multiple disaggregated models in order for them to 

be of use, and secondly, there is no single unified approach to understanding 

behaviour (Chatterton, 2011).  Given the wealth of models available and the 

limited scope of this review, two models in particular will be discussed as they 

are frequently cited and have solid histories of application.  These are Ajzen’s 

Theory of Planned Behaviour and Triandis’ Theory of Interpersonal Behaviour 

(Jackson, 2005). 

The Theory of Planned Behaviour [TPB] put forward by Icek Ajzen revolves 

around the central concept of intention (Ajzen, 1985, Ajzen, 1991).  The 

intention of an individual to act is taken as the individuals’ willingness to 

perform.  The motivational antecedent structure to determining intention is 

driven by belief - rational cognitive decision making by the individual, through 

the weighing of relevant costs and benefits (Ajzen, 2002, Abrahamse et al., 

2005, Jackson, 2005, Abrahamse and Steg, 2011).  As illustrated in Figure  2-3 

(Ajzen, 2011), the belief structure can be disaggregated to include behavioural 

beliefs, normative beliefs and control beliefs. 
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Figure  2-3 Theory of Planned Behaviour Diagram (Ajzen, 2011) 

Behavioural beliefs can be defined as beliefs concerning the predicted 

subjective consequence of enacting the behaviour, which in turn generates a 

positive or negative attitude towards the behaviour.  Normative beliefs are a 

perception of the expectations of how significant others may perceive your 

enactment of the behaviour, influencing the individuals’ perception of social 

pressure.  Control beliefs are determined by the individuals’ perception of 

factors that may enable or inhibit the enactment of the behaviour.  Control 

beliefs influence the individuals’ perceived ease or difficulty in behavioural 

control (Ajzen, 2002, Abrahamse and Steg, 2011).  Aside from intention, a 

further direct antecedent to behaviour is actual behavioural control (Ajzen, 

2002).  The three tiered belief system posits that the stronger the positive 

attitude is towards the behaviour, and the more favourable the subject norms 

are perceived to be in parallel to an acceptable level of perceived control, the 

stronger the intention to enact the behaviour becomes (Ajzen, 1985, Ajzen, 

1991, Ajzen, 2002).  The caveat to this model is that this is only true for those 

behaviours where perception of control is equal to or less than actual control, 

as the skills and resources required to enact the behaviour may be limited 

leading to a high control belief, but in fact, resulting in limited actual control 

(Ajzen, 2002).  As such, actual control has been included within this model to 

account for this misalignment. 
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Whilst the TPB is a well-known and applied model of behaviour (Jackson, 

2005), it does negate certain factors that may contribute to the formation of 

behaviour that may not be explicitly linked to belief or even intention, such as 

emotions and affect, and habits (Darnton, 2008).  Ajzen’s Theory of Planned 

Behaviour places belief as the primary determinant of intention that results in 

behaviour, Triandis’ Theory of Interpersonal Behaviour [TIB], however, places 

habit as the priority factor, over intention and facilitating conditions (Darnton, 

2008). 

 

Figure  2-4 Theory of Interpersonal Behaviour Diagram (reproduced from (Jackson, 2005)) 

TIB, Figure  2-4, posits that intention (composed of attitude, social factors and 

affect) is a direct antecedent to behaviour.  The critical difference between 

these two models (aside from the role of affect – emotive influence) lays in the 

inclusion of habits, which intercedes between intention and behaviour, acting as 

a key determinant of the actual enactment of intention, the ensuing behaviour.  

Both intention and habit are in turn both ruled by the facilitating or constraining 

conditions, the external factors that enable or constrain behaviour (Jackson, 

2005, Chatterton, 2011), such as birth attributes, acquired capabilities, 

situational context , public policy, and economic variables (Stern, 1999). 
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Habits within this model are seen as routinized action enacted without 

conscious intention, hence its distinct mediating branch outside of intention 

(Chatterton, 2011).  However, despite habit being positioned within the TIB as a 

prominent causal factor, its reliance on frequency of past behaviour as its sole 

antecedent factor is not in line with current research on the formation of habit, 

as discussed below.   

Three characteristics construct a habit.  Firstly, a goal must be present and 

achieved.  Secondly, if the achieved goal is satisfactory, the same action is 

repeatable.  Thirdly, a habitual response is governed by the cognitive process 

that develops through frequency and association of the context and intentional 

factors.  Habits therefore may be identified and assessed through the cognitive 

decisions made and not through the frequency of the action (Polites, 2005, 

Lally et al., 2009, Steg and Vlek, 2009).  Verplanken (2006) expands upon this 

standard definition of habit, stating that the strength of a habit is not determined 

just by the frequency of past behaviour (frequency based cued learning), but is 

also constructed of four further parts, based on Bargh’s definition of 

automaticity; lack of awareness, efficiency, difficulty in controlling behaviour 

and identity (Bargh, 1994, Bargh, 1999).  Lack of awareness is a lack of 

conscious decision-making, delegating of control of the act to environmental 

cues.  Efficiency relates to the freeing of mental capacity to do other things at 

the same time through the application of expectation filters.  Difficulty of 

controlling behaviour suggests a habit in principle is controllable, but it is 

difficult to implement deliberate thinking and planning to overrule.  Identity is the 

reflection of one’s own identity and personal style (Verplanken et al., 2005, 

Verplanken, 2006).  Triandis’ Theory of Interpersonal Behaviour augmented 

with Verplanken’s model of habits will be the model of understanding taken 

forward within this thesis (Figure  2-5). 
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Figure  2-5 Augmented Model of Behaviour 

This psychological approach to behaviour, once augmented, provides the most 

defined model of behavioural understanding with a robust history of application 

in the field of psychology, in addition, offering a shared domain or ontology and 

terminology aligned to the core of present design thinking (centred on the 

individual/user, attitudes, goals, habits etc.).  A practice approach will not be 

taken due to the limitations as previously outlined and its lack of robust 

definition and application currently within design. 
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2.3 Behaviour Change Interventions and Strategies 
The previous section has shown that there are multiple factors to think about 

when considering what determines an individual’s behaviour and actions.  

Intentions, habits and facilitating conditions all possess important roles in 

affecting the selection of choices that form behaviour.  Several strategies exist 

that build upon these psychological theories in order to promote a change in 

behaviour, discussed in this section. 

2.3.1 Antecedent Interventions 
The objective of an antecedent intervention is to influence the cognitive 

antecedents of an action prior to its enactment.  Research shows that there are 

several types of strategy to consider which may provoke a change in thought 

process, including commitment, goal setting, informational and structural 

strategies (Abrahamse et al., 2005). 

2.3.1.1 Commitment Strategies 
The use of commitment strategies can be implemented one of two ways; either 

as a private promise self-administrated in line with personal norms, or as a 

public pledge governed by social norms, which in turn affects intention 

(Jackson, 2005, Chatterton, 2011).  A commitment, or statement of one’s intent 

to change, has been shown to be an effective mechanism by which to reduce 

energy consumption over a long-term and post intervention, especially when 

combined with information, goal setting and foot-in-the-door techniques.  By 

accepting a small commitment, such as filling in a questionnaire or leaflet, a 

higher rate of uptake is facilitated when followed by an associated larger 

commitment, such as agreeing to a reduction target based on the initially 

received leaflet (Abrahamse et al., 2005). 

2.3.1.2 Goal Setting Strategies 
Goal setting provides a strong motivation to engage with an activity due to the 

sense of satisfaction or achievement that it affords.  This strategy usually works 

in parallel with other strategies, such as the use of feedback or commitment, 

with research indicating that a combination of goal setting with both of these 

other strategies yields a higher saving compared to goal setting alone 

(Abrahamse et al., 2005).  By supplying a target or a goal, a commitment 
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strategy can be considered and implemented based on normative 

considerations, with feedback providing a comparative reference or direct 

attention towards a level in a goal hierarchy (the feedback intervention theory 

[FIT] (McCalley, 2006)).  It appears that by setting a difficult target to achieve, a 

higher saving can be made in comparison to a lower target, however, an 

unrealistic goal may disenfranchise the individual from motivation, with a goal 

set too low limiting the effectiveness of such a task.  A low target may not 

stimulate the need to re-evaluate cognitive processes or actions in order to 

reach the target (Abrahamse et al., 2005, Wood and Newborough, 2007). 

McCalley (2006) proposes that there are four mechanisms by which goal 

setting affects action: firstly it provides a concentration of the individual’s 

attention toward the goal-related activity; secondly it cognitively and physically 

motivates the individual; it prolongs the effort required to attain the goal set; and 

finally it increases the chance of retrieval or the creation of pertinent knowledge 

or strategies required for goal achievement.  

2.3.1.3 Informational Strategies 
Informational strategies can be targeted, implemented, and dispensed in 

numerous ways.  Information can help in changing the antecedents of intention 

without a change in facilitating conditions (Steg and Vlek, 2009) through the 

defining of a problem or a solution, or by providing knowledge on how to 

mitigate or implement them (Abrahamse et al., 2005). 

Informational strategies have three main aims.  Firstly, information may be 

provided to increase knowledge of a problem, its consequences, and possible 

alternatives, thereby encouraging a normative or attitudinal change, which may 

ultimately propagate through intention into a positive behavioural change.  A 

second mode of implementation is as a persuasive tool.  Information in this 

context is used to support or strengthen a personal normative value or 

commitment strategy.  The third role of information is as a social normative 

reinforcement and framework agent (Steg and Vlek, 2009), through methods 

like modelling.  Modelling is the provision of information on recommended 

behaviours that is rewarding whilst being relevant and understandable by the 

target individual.  Modelling has been shown to yield moderate success in 
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behavioural change and in raising awareness around an issue, although follow-

up studies show this not to have been maintained (Stern, 1999, Abrahamse et 

al., 2005).  Modelling and informational strategies in general must captivate the 

individuals they are aimed at, as well as gain involvement and demonstrate 

credibility, and positively show the benefits of modifying one’s actions (Stern, 

1999). 

In general, informational strategies are cost efficient with regards monetary, 

temporal, and effort considerations, and render little byway of social 

disapproval.  Strategies in this informational sphere are also most effective 

when the desired behavioural result is relatively convenient, with weak external 

constraints or barriers to action (Stern, 1999, Steg and Vlek, 2009).   

In order for an informational strategy to be successful and to avoid short or/and 

long term failure, it must also be presented at the time of behavioural 

occurrence, be able to be validated by the individual, come from a trusted 

source, as well as gain their commitment (Stern, 1999, Steg and Vlek, 2009).  

Poor communication has also been shown to hinder informational strategies 

(Ofgem, 2010).  Informational strategies may also not always be sufficient when 

working independent of other intervention strategies (Ofgem, 2010),  indeed, 

combination with these other strategies, focussed at either the individuals 

intention or the facilitating conditions, may prove to be more effective 

(Abrahamse et al., 2005). 

Three methods by which informational strategies may be implemented include 

workshops, mass media campaigns and tailored information.  Workshops are 

an organised group event through which information is dispensed through 

leaflets and advice, however as Abrahamse et al (2005) discuss, an increase in 

awareness and knowledge does not necessarily translate into action.  The 

same has been shown for mass media campaigns, that an increase in 

awareness and knowledge of energy issues did not provide strong evidence of 

energy reduction (Abrahamse et al., 2005, Darby, 2006).  Darby (2006) 

suggests that the key concern is trying to keep the information relevant to the 

individual in order to convince them that their change in behaviour is to their 

advantage.  Tailoring addresses these issues, providing a selection of 
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information only the individual would find relevant to their intentions.  Home 

audits by energy auditors, as a form of tailored advice, has shown to increase 

knowledge of energy conservation issues and a reduction in energy use over 

time, whereas the use of tailored information alone has shown mixed results 

(Abrahamse et al., 2005).  Education through schools may be a further method 

of disseminating information towards family behaviour changing means, 

however as Darby (2006) points out, it is difficult to assess its effectiveness due 

to the complexity of isolating data. 

2.3.1.4 Structural Strategies 
A structural strategy aims to change the context or facilitating conditions by 

which decisions are made through either a change in products or services, 

situational context, and capabilities or a change in policy, legislation, and 

pricing (Stern, 1999).  A change in facilitating conditions, as previously 

discussed, may facilitate or constrain direct action, motivate a change in 

intentions and foster habits, provide behavioural alternatives or  activate goals 

(Steg and Vlek, 2009).  

Product or service led strategies can force a physical or infrastructural change 

in context.  These changes may include the promotion or enforcement of 

energy efficiency, however, the motivational norms of the individuals should 

also be considered to increase uptake (Steg, 2008).  Although policy changes 

and pricing strategies may lead to an increase in environmental quality, such as 

the banning of environmentally damaging propellants in domestic spray cans 

(Steg and Vlek, 2009) they may also bring about ethical issues, such as a 

reduced level of quality in other personal aspects including freedom or money 

(Steg, 2008). 

It is also worth considering government attempts to replace incandescent light 

bulbs with compact fluorescent lamps [CFL].  CFLs are still widely rejected by 

individuals despite them being a relatively cheap and well-promoted energy-

efficient intervention.  Government policy and manufacturer claims imply that 

CFLs are a direct replacement for traditional bulbs although this is not the case.  

Despite the provision of free CFL light bulbs, it has been found that individuals 

will not use them, or only use them in restricted circumstances, as they are 
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seen to be a  compromise of personal norms and values (Crosbie and Baker, 

2010). 

2.3.2 Consequence Interventions 
Consequence interventions shift the focus towards the positive and negative 

consequences of behaviour and action, rather than focussing on the 

physiological and physical constructs prior to behaviour.  By attaching either a 

positive or a negative consequence to behaviour, the behaviour becomes a 

more or less attractive option within the series of mediated intention 

antecedents (Abrahamse et al., 2005). 

Strategies within this intervention group include the use of rewards and 

feedback. 

2.3.2.1 Rewards 
Rewards generally can be considered to fall into two camps, financial and non-

financial, and are considered an incentive from outside of the behaviour (as 

opposed to a direct result of the behaviour).  Rewards are considered to be 

more effective than penalties or sanctions, as rewards are considered to be 

more psychologically aligned with the positive attitudes required for behaviour 

change (Steg and Vlek, 2009). 

Financial rewards such as rebates, high price incentives and monetary rewards 

for recycling  have all shown that if the incentive is large enough, a change in 

action may occur (Stern, 1999), however, this change is contingent on the 

reward, and is not a normative change, thereby tying the action to the specific 

presence of the financial motivator (Steg and Vlek, 2009).  Analysis of the 

Ofgem (2010) trials suggests that financial rewards based on a per cent 

reduction in energy use can motivate, on both an individual and community 

scale, a reduction in energy consumption.  However, it is also noted that once 

this motivator is removed, that the initial savings fall away.  It is also unclear 

whether rewards alone or a combination of rewards and information help to 

induce savings (Abrahamse et al., 2005, Ofgem, 2010). 

Non-financial rewards may include savings based upon other costs and 

benefits of the personal domain, such as a saving of time or effort.  An example 
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of a convenience reward may be the provision of centralised road side pickup 

of domestic recycling.  The reward, or saving, is realised in comparison with the 

time and effort it would have taken transporting the recycling personally to a 

recycling centre.  Combining monetary reward with nonfinancial incentives, 

such as convenience, has also been shown to be particularly effective (Stern, 

1999).  It has also been shown that once a reward is acted upon and 

considered of benefit, that it may be of more use to increase knowledge 

surrounding the action to increase other motivation factors, as opposed to 

increasing the reward (Stern, 1999). 

Incentives such as monetary and emotional rewards, as previously discussed, 

may also help to stimulate the motivation to conserve energy.  Feedback may 

be presented as either a financial saving through a reduction in energy, and 

therefore, cost expenditure, or as a payment through energy saving that is 

independent of cost expenditure (e.g. a lump sum payment for reaching a 

consumption target) (Wood and Newborough, 2007).  Wood and Newborough 

(2007) point out that although the use of payments and financial rewards help 

to promote a reduction in energy-using behaviour (although as previously noted 

this effect may revert after the reward is removed), there is little evidence to 

suggest that individuals will reduce consumption based on emotional rewards.  

This, however, suggests a tailoring issue with regards the individual’s norms 

and intentions rather than a failure of rewards in general. 

2.3.2.2 Feedback 
The final consequence intervention of note is the use of feedback.  In essence, 

feedback theory suggests that by providing the individual with feedback, a 

performance indicator based on the results of an enacted intention or habit, the 

individual can make associations between the behaviour they enact and its 

consequences (Abrahamse et al., 2005).  Through a process of cognitive 

evaluation, future intentions, habits and behaviours may be influenced 

(Abrahamse et al., 2005, Burgess and Nye, 2008). 

The individual’s knowledge and perception of energy, as discussed previously, 

can be weak due to energy’s abstract and invisible nature.  The result of this 

perceptive difficulty manifests itself as incorrect heuristics and a lack of 
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conscious consideration in its consumption.  In order to frame the behaviour 

within an attitude-social-affect intention structure (Jackson, 2005, Chatterton, 

2011), a substantial amount of information is required to put it in the context of 

its consequences and alternative options (Fischer, 2008).  Feedback as an 

educational instrument can be employed in two ways.  As a tool to illustrate the 

actual cost (such as time or money) of consumption and generate reflection on 

intention and attitude, feedback can be used to tangibly present and frame the 

problems caused through behavioural action.  A suitably framed problem, 

presented through the feedback’s form and delivery content may therefore 

influence the intention process (Fischer, 2008).  Information is taken in, is acted 

upon, and an interpretation is made (Darby, 2006).  Alternatively, appliance 

specific feedback can be used to link a specific interaction with a product or 

system to energy consumption, thereby increasing an individual’s 

product/system understanding and increasing individual’s consciousness of 

their  own behaviour (Fischer, 2008, Darby, 2010).  By allowing individuals the 

ability to explore their own energy use and its effects, the concern/action gap 

can be bridged, promoting efficiency as opposed to trying to generate an 

intangible sense of social obligation (Darby, 2008, Darby, 2010). 

2.4 Categories of Feedback 
Darby (2006) proposes five categories of feedback: direct feedback; indirect 

feedback; inadvertent feedback (education though association); utility-

controlled feedback; and energy audits (education through an understanding of 

the energy capital of a building).  Direct, indirect and utility controlled feedback 

types are summarised in Table  2-1.  According to Darby (2000) direct feedback 

either by itself or in partnership with other strategies, such as additional 

information,  is the most effective form of feedback.  The role of indirect 

feedback discussed in the same paper claims that despite a rise in interest and 

awareness, this did not translate to savings of an order comparable to those 

found in direct feedback studies (Darby, 2000).  In a later review on the same 

topic, immediate direct feedback is again argued as being the greatest saver of 

energy in relation to daily, non-heating behaviours.  This is due, it is claimed, to 

greater visibility of the consequences of action (Darby, 2006).  In this latter 
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study, Darby shows that energy savings of between 5-15% is possible from 

direct feedback, with indirect feedback providing evidence of savings between 

0-10%. 
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Category of Feedback Summary Description 

Direct Feedback 
Direct feedback is feedback presented immediately to the individual without processing, either 

from a meter or from an associated device. 

Basic Metering without 
Separate Direct Display 
Monitors 

Energy meters in the UK provide consumption feedback, 

usually measured in a single unit with the meter often kept out 

of sight.  Information is not benchmarked, and the individual 

would need to keep a manual record of this information for 

comparative purposes against estimated bills. 

Key Meters and Keypad 
Meters  

Key or keypad meters form part of the prepayment system of 

paying for energy prior to its consumption.  Energy tariffs tend 

to be more expensive, however, prepaying for energy may be 

more conducive with saving energy. 

Direct Display on Monitors 
Separate from the Meter 

A direct display, physically remote from the main meter with 

data communicated unidirectionally showing the direct 

consumption of energy.  Typical displays allow for the showing 

of frequently updated data or information from a previous term. 

Use of TVs and PCs for 
Display 

TV and PC displays can been used to show historic and 

current consumption data, with relevant environmental or 

social comparisons.  The use of interactive online facilities 

could help to facilitate a self-appraisal of energy consumption. 

Ambient Devices Ambient devices tend not to show numbers or text that is 

directly attributed to energy use; rather they illustrate or alert a 

change in energy consumption through sensory indicators, 

such as a change in colour or sound. 

Indirect Feedback 

Indirect feedback is feedback presented to the individual after being externally processed (for 

example, bills processed by a utility company). 

Informative Billing Energy bills in the UK tend to be based on estimated 

consumption rather than physical meter readings and provide 

a comparative benchmark by which to evaluate previous terms 

energy expenditure, or a means by which to see the effect of 

any domestic or technical changes to the dwelling.   

Utility Controlled Feedback 
Utility-controlled feedback concerns the control and provision of data of an individual’s energy 

consumption data back to both the individual and the utility provider.  This two-way 

communication of information is typically termed smart.  

Table  2-1 A Summary of Three Categories of Feedback (Darby, 2006) 
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A spectrum proposed by the Electric Power Research Institute [EPRI] and 

based on the initial categorisation work of Darby (2006) posits that there is a 

spectrum of information availability and cost to implement, with standard billing 

at the low end, running through from indirect to direct feedback, with real-time 

plus at the high end (EPRI, 2009), Figure  2-6. 

 

Figure  2-6 Feedback Delivery Mechanism Spectrum (EPRI, 2009) 

The key axis of note on this spectrum is information, as information is central to 

the concept of learning and establishing context, without which the individual 

will not be influenced to reduce consumption through increased awareness of 

actions or influenced intent.  Such an axis rightfully, however, does not present 

a taxonomy whereby information equates directly to learning, behavioural 

action or savings (as the way in which this information is presented is 

instrumental in motivating change).  What this diagram does suggest, however, 

is that information provision back to the individual on their actions is highest 

with forms of direct real-time feedback. Therefore, with the correct format of 

representation and tailoring, feedback types towards this end of the axis may 

be designed to facilitate a higher degree of learning, and by extension, the 

larger possibility of behavioural change, supporting the findings of Darby. 

Prior to discussing what makes feedback effective, or feedback considerations, 

it is worth briefly discussing the type of feedback most prominent in research at 

present; utility controlled feedback or smart metering.  Smart metering concerns 

the control and provision of data of an individual’s energy consumption data 
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back to both the individual, to provide tailored and accurate information as a 

learning mechanism, and the utility provider, who benefits from the increase in 

understanding of consumer consumption (Darby, 2008).  It is also suggested 

that the use of such technology could reduce the requirement for expensive 

prepay meters and tariffs, thereby helping to combat fuel poverty (Burgess and 

Nye, 2008). 

The reason for this prominence in recent research is in part due to the UK 

government in October 2008 stating that there would be a mandatory roll out of 

smart meters to all UK homes by the end of 2020 (Department of Energy and 

Climate Change 2009).  Functionality includes features such as “remote 

provision of accurate reads/information for defined time periods, two way 

communications to the meter system [and] remote disablement and 

enablement of supply” (Department of Energy and Climate Change, 2009, 

P.27).  In preparation for the start of this roll out in 2014, Ofgem on behalf of the 

Department of Energy and Climate Change [DECC], have been launching 

large-scale trials across the UK, the Energy Demand Research Project [EDRP] 

(AECOM, 2011, Ofgem, 2011).  The impact on feedback design resulting from 

the findings of these studies is discussed in the following section (Feedback 

Considerations). 

There are, however, a few potential issues with such a system.  As Darby 

(2008) points out, through integration with a smart grid system, the utility 

provider has the power to turn on/off domestic appliances to cope with energy 

grid overload or high prices; an issue that many consumers may find 

unattractive or unethical.  From a utility provider’s perspective, the rolling out 

such a national network is quite a logistical challenge, dependant on 

coordination and cooperation between utilities (Darby, 2008). 

2.5 Feedback Considerations  
There are several ways by which feedback can influence the energy consuming 

behaviour of an individual through the provision of information, but as Wood 

and Newborough (2007) point out, information alone is not enough to promote 
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action, rather it is the way in which this information is conveyed and how that 

motivates the individual to act.   

This section outlines the considerations required when designing a feedback 

intervention, optimising feedbacks potential as a behaviour changing 

intervention, discussing the findings from several key reviews of feedback 

studies, including Fischer (2008), Abrahamse (2005) and Darby (2006), and 

supplementing their analysis with findings from recent feedback studies 

including the EDRP. 

2.5.1 Frequency and Duration 
Ideally, the latest update of information should be present when the individual 

performs an energy-consuming act and may be open to a change in behaviour, 

and secondly when the individual chooses to acknowledge the feedback.  

Wood and Newborough (2007) point out that not all energy consuming activities 

may require the same level of frequency, with an activity such as cooking 

requiring a higher frequency of updates than, for example, using a washing 

machine. 

Further research shows that quick feedback after an action improves the 

cognitive linking between action/effect, thereby reinforcing the consequences of 

the action, and lowering consumption (Abrahamse et al., 2005, Darby, 2006, 

Fischer, 2008).  Hargreaves (2010) and Fitzpatrick and Smith (2009) have 

shown several ways in which consumer interaction is motivated by frequency of 

information displayed.  They report behaviour such as using the device hot, 

using the constant feedback provided to go around the home switching devices 

on and off in exploration.   

The duration displayed by the feedback device is also an important 

consideration.  Wood and Newborough (2007) suggest that on a display local to 

an action, the information should be succinct to maintain immediate interest; a 

centralised display would show a larger time span, such as consumption over a 

week.  Hargreaves (2010) found that using too short a time base may inhibit 

conservation or promote consumption and that too long a time base may stamp 

out high energy using appliance spikes.  Interestingly, Anderson and White 

(2009) found rate of spend, a predicted unit, to be a concept which all of their 
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participants could recognise and relate to, suggesting that information needs to 

be meaningful over necessarily being realistic. 

2.5.2 Accuracy 
If one of the aims of feedback is to form a cognitive bridge between action and 

effect, it is important,  therefore, that the information is not only frequent but is 

also accurate (Fischer, 2008).  Estimated feedback disassociates the individual 

with the consequences of their behaviour, and furthermore, removes any time 

of use prompts to frame or challenge their action (Hargreaves, 2010). 

2.5.3 Metrics 
Energy consumption feedback can be presented to the individual through 

energy units, cost, environmental impact, and/or behavioural units.  Each of 

these unitary types uses a different language to frame the context of energy 

consumption, thereby activating different norms and intentions within the 

individual (Fischer, 2008).  

Energy units, such as kWh, are a standard measure for the use of electricity 

and gas consumption and are generally perceived to be too abstract or difficult 

to relate to everyday actions (Burgess and Nye, 2008, Anderson and White, 

2009, Hargreaves, 2010).  Precise understanding, however, may not be 

necessary, rather it is the real time relative movement of the energy displayed 

that helps a consumer “learn what is normal, and what is not” (Anderson and 

White, 2009, Fitzpatrick and Smith, 2009, p.43).  Furthermore, as Wood and 

Newborough (2007) point out, a scientific unit may instil a sense of trust.  

Research suggests that cost may be a more relevant and understandable 

metric, relatable to an allocated financial budget (Burgess and Nye, 2008, 

Hargreaves, 2010, Ofgem, 2010, AECOM, 2011), however, those on a low-

income may find the emphasis on monetary concerns stressful (Hargreaves, 

2010).  Although understandable, the use of cost as a metric may not 

necessarily always motivate a reduction in consumption if the perceived cost of 

energy due to granularity of information or in comparison to other household 

expenditures is considered trivial or worthless (Wood and Newborough, 2007, 

Fitzpatrick and Smith, 2009, Hargreaves, 2010).  The use of environmental 

impact, for example carbon units, may be used to promote the link between 
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action and environmental consequence.  The issue with this type of metric 

appears to be that the average individual does not know how to interpret the 

unit in comparison to their own energy consumption (Anderson and White, 

2009, Fitzpatrick and Smith, 2009), and furthermore, the unit itself is based on 

estimation (Wood and Newborough, 2007).  Behavioural units, such as time 

spent on an activity or the number of times an appliance has been used could 

be employed to motivate the individual based on a personal or social norm 

(Wood and Newborough, 2007). 

The research illustrates that there is no single metric that satisfies every user in 

terms of both understanding and intention, and that the selection of metrics 

should, therefore, be tailored to the intentions and capabilities of the target 

individual (Fischer, 2008). 

2.5.4 Breakdown 
Trials of energy display devices have shown them to be a well-received 

educational tool (Hargreaves, 2010).  By allowing the individual to decide which 

appliance to place the sensing device on, three categories of use emerged; to 

measure devices that they felt they had control over, to measure large load 

devices, and also to measure those devices that they had no control over 

(Hargreaves, 2010). 

2.5.5 Presentation Medium 
The medium by which information is presented also has an effect on its ability 

to engage with the individual, and thus be comprehended, reflected upon, and 

effectual (Fischer, 2008).   

Electronic media used for feedback provides flexibility of control and display, 

and rapid processing capabilities allowing for the presentation of real-time data.  

Complex devices may, conversely, be difficult for those of with a low level of 

education, technical ability or free time to understand or engage with (Fischer, 

2008).  Anderson and White (2009) found that certain individuals are 

uncomfortable with devices that require interaction, fearing an exploration of 

options beyond the default display.  Furthermore, the EDRP trials found that 

32% of energy monitor users had difficulties in changing the default settings 

(AECOM, 2011). 
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Written materials, by contrast, require a lower level of education or technical 

ability to engage with (Fischer, 2008).  Feedback information accompanying a 

bill can also be expected to receive more careful consideration (Fischer, 2008).  

Despite the high visual quality of modern electronic displays, paper had been 

shown to be a preferred reading medium due to its haptic quality and freedom 

in how and where it is read (Holzinger et al., 2011).  The medium by which 

information is presented should be framed within the intentions and capabilities 

of the individual targeted.   

2.5.6 Presentation Mode 
In order to engage the user with the information generated, careful 

consideration must be given to the way in which this information is visually 

presented, with comprehensibility and clarity of presentation remaining clear 

and unambiguous.   

Wood and Newborough (2007) suggest that frequency and location of the 

information presented may affect the selected visual presentation, with 

numerical data better suited to frequent updates on local displays, with less 

frequent updates on central displays better suited to graphical data.  In addition, 

children may find graphical data easier to understand, potentially increasing 

pester power (Hargreaves, 2010).  Hargreaves (2010) found that the more 

complex the information offered, the higher the demand for active involvement, 

which may negate any immediate motivation to engage, a finding supported by 

Fitzpatrick and Smith (2009), that the preferred local display device in their 

trials allowed for at-a-glance information.   

The selection of charts should be based on the information that is trying to be 

conveyed, with bar charts being better suited for accurate, comparative data 

than pie charts, which are better matched to presenting general patterns (Wood 

and Newborough, 2007).  Research also shows a form of speedometer or 

traffic light system to be useful.  Should the display go into the red, investigation 

may be prompted (Hargreaves, 2010, Ofgem, 2010).  A focus group run by 

Anderson and White (2009) found that these displays show the scale, direction 

of change and relative position simply; emphasising that it’s the movement that 

grabs your attention (Anderson and White, 2009). 
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The presentation mode and layout of controls, should keep it simple, although 

this may be in contradiction to some individuals desire to investigate 

information in more detail (Anderson and White, 2009). Fischer (2008) 

suggests that the presentation of information should be undemanding in 

comprehension, and not involve any additional materials to aid understanding. 

2.5.7 Ambience 
Studies suggest that the use of ambience alone to convey energy consumption 

is perceived as being ambiguous unless the ambience feature has 

distinguishable characteristics that can be easily cognitively mapped 

(Fitzpatrick and Smith, 2009).  Ambience may also be construed as energy 

wasting or may also contradict values, such as found with the power-aware 

cord (Backlund et al., 2006), a light-emitting power cable drawing attention to 

itself when in use, when social normative values suggest that it should be 

concealed from view (Fitzpatrick and Smith, 2009).  Investigating the effects of 

the same light-emitting device, Löfström and Palm (2008) found that this use of 

ambience supports feedback as a provider of information and cues “at a 

glance, from a distance” (Löfström and Palm, 2008, P.938). 

The use of ambient persuasive technology has been defined by Ham et al. as 

being “able to influence attitudes or behavior [sic] without conscious attention to 

that persuasive technology by the person being influenced” (2009, P.1).  The 

results of their study showed that presenting individuals with subliminal (25ms 

duration of display for non-conscious perception) or supraliminal (150ms 

duration of display for conscious perception) weighted information, has an 

effect on behaviour attributed to either an assigning of positive and negative 

value associations or through the non-conscious priming of information that 

affected the goal pursuit (Ham et al., 2009).  Furthermore, Maan et al. (2011) 

found that light feedback realised greater energy savings than numerical 

feedback and that additional and unrelated cognitive load affected the time it 

took to process and evaluate numerical information, but not light information.  

This supports the theory of ambience as a provider of easy to process feedback 

around a central principle of implicit evaluation that does not require the 

individual’s undivided attention. 
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2.5.8 Location 
If an action requires instantaneous feedback in order to improve cognitive 

connections between action/effect, the device must be located in such a 

position as to afford this information.  Fitzpatrick et al (2009), Anderson and 

White (2009) and the EDRP trials (AECOM, 2011) all found that a central 

location, namely the kitchen, living room or main hallway were preferred 

locations for immediate feedback where they could be easily accessed.  It was 

also found that individuals preferred not to have their appliances each fitted 

with their own feedback display (Fitzpatrick and Smith, 2009). 

The location of a device can also have an effect with regards its aesthetical 

acceptation, which is vital in order to support regular interaction which may 

encourage a behavioural change (Fitzpatrick and Smith, 2009, Hargreaves, 

2010).  By fitting in aesthetically with the individual’s chosen location, the 

device is more likely to be accepted and incorporated into the individual’s 

routines (Fitzpatrick and Smith, 2009).  The location of the device may also be 

transient, which brings its own set of design issues (Anderson and White, 2009, 

Fitzpatrick and Smith, 2009), however, as Anderson and White (2009) point 

out, after initial mobile exploration with a device in different rooms, its location 

eventually became static. 

2.5.9 Technical Expectations 
If there is a failure during technical installation of a feedback device, or with the 

provision of accurate information, interest in the feedback or the perception of it 

may be reduced or damaged (Crosbie and Baker, 2010, Hargreaves, 2010).  

The EDRP trials report that the installation and presence of a smart meter 

alone may prompt energy savings, showing that savings of around 3% on gas 

consumption was attributable in two of their trials to the experience only 

(AECOM, 2011).  The explanation given is that the installation and receiving of 

the device generated initial action, such as reducing thermostat settings.  If a 

negative perception is given during the installation of these devices, it is 

plausible that initial efforts to save may be reduced. 

If the expectations are also proved to be inaccurate (e.g. promised savings not 

realised), or based on irrelevant motivations or norms (e.g. emphasis on 



Literature Review 

38 

environmental issues when monetary expenditure is desired), then negative 

perceptions may restrict future use (Crosbie and Baker, 2010).  In order to 

maintain the individual’s expectations, Crosbie and Baker (2010) suggest that 

information provided should be realistic, comprehensible, and easily available; 

that interventions must be professionally administrated and implemented; and 

finally that the contractors and technology must be reliable and able to meet the 

expectations of the individual. 

2.5.10 Historic and Normative Comparisons 
By providing a historic (a comparison of current against previous consumption) 

or normative (a comparison against factors that may instil normative 

motivations, such as other households, activities, appliances, fuel types, 

temporal frames or family members) comparison to the individual’s own, 

immediate and localised consumption, a context is provided by which to 

assess, evaluate and compete (Abrahamse et al., 2005, Wood and 

Newborough, 2007, Fischer, 2008). 

Historic comparison may trigger a more detailed analysis of one’s own 

behaviour and may stimulate a need to self-diagnose any perceived 

fluctuations, in addition, it has also been shown that the accuracy of this 

information is relatively unimportant, so long as relative patterns can be 

observed (Fitzpatrick and Smith, 2009).   

Normative comparison may feedback the individual’s consumption level in 

comparison to that of relevant others, although this approach has been shown 

to be quite undesirable (Wood and Newborough, 2007, Fischer, 2008).  

Hargreaves (2010) found conversely in his study that those with high energy 

awareness and motivation wanted to be able to compare consumption with 

other households as a relative scale of performance, indicating that normative 

values and motivation affects desired information.   

The use of comparative information is contingent, however, on there being a 

rise in consumption, as a lower or steady consumption rate does not provide a 

change or challenge to investigate (Fischer, 2008).  Low energy consumers 

have been shown to increase energy use if compared to higher energy 

consumers (Abrahamse et al., 2005), but as Wood and Newborough (2007) 
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suggest, this may encourage the low energy users to investigate alternative 

ways of reducing energy beyond behavioural acts, such as the purchasing of 

more efficient appliances. 

2.5.11 Additional Information, Comparisons and Instruments 
The information dispensed through feedback works twofold; firstly as a 

supplement by which to frame consumption, and secondly to enhance the 

conscious connection between action, energy use and its effects.  Feedback 

itself therefore must be considered within this educational system as a means 

of displaying consumption, and not necessarily a means to provide the 

motivation level required to do so (Darby, 2006, Fischer, 2008).  In order to 

enhance the potential of feedback to promote motivation and awareness of how 

to manage energy consumption, additional information and further instruments 

may be required. 

Both Darby (2006) and the EDRP trials (AECOM, 2011) illustrate that by 

combining meter or monitor readings with supplementary information on energy 

use, a greater reduction in consumption can occur compared with feedback 

alone.  Additional information provides the how to conserve aspect that 

feedback lacks (Fischer, 2008).  It is furthermore argued that the use of 

feedback alone may not necessarily activate the motivational concerns that 

lead to energy conservation (Darby, 2006, Fischer, 2008), and that additional 

instruments may be required to enhance the incentive to do so.   

Goal setting as a mechanism can generate concentration toward an activity, 

physically and cognitively motivate the individual, prolong the effort required to 

attain the goal and increase knowledge retrieval or creation in order to achieve 

the goal (McCalley et al., 2011).  An unrealistic goal may disenfranchise the 

individual from motivation, with a goal set too low limiting its effectiveness 

(Wood and Newborough, 2007).  The role of feedback in this context is to 

benchmark progress against goal attainment, with studies showing that by 

providing a goal along with relevant feedback as a point of reference, more 

energy can be saved than through the provision of feedback alone (McCalley, 

2006, McCalley et al., 2011).   



Literature Review 

40 

Incentives such as monetary and emotional rewards may also help to stimulate 

motivation.  Feedback may be presented as either a financial saving through a 

reduction in energy, or as a payment (e.g. a lump sum payment for reaching a 

target) (Wood and Newborough, 2007).  Wood and Newborough (2007) point 

out that although the use of rewards helps to promote a reduction in energy-

using behaviour there is little evidence to suggest that individuals will reduce 

consumption based on emotional rewards (although this suggests a tailoring 

issue with regards the individual’s intentions). 

The following table (Table  2-2) briefly summarises the feedback considerations 

that could affect the efficacy of the intervention to change behaviour. 
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Frequency and Duration 
Quick feedback improves the cognitive link between action and effect, dependent upon when 

the individual performs the action and chooses to acknowledge the information.  Local displays 

should provide short time base information with central displays providing a longer time base. 

Accuracy  

Accurate information strengthens the cognitive link between action and effect and provides time 

of use prompts.  Inaccurate information disassociates consequences from action.  

Metrics 

Energy consumption can be framed with energy or behavioural units, cost, or environmental 

impact.  The metric should be tailored to the intentions and capabilities of the individual. 

Breakdown 
Disaggregating feedback allows the individual to explorer actions and consequences in 

isolation, facilitating the benchmarking and framing of actions, consequences and expectations. 

Presentation Medium 

Energy consumption can be framed through flexible electronic media (with/without the need for 

user interaction) or rigid written materials.  The medium selected should be within the intentions 

and capabilities of the individual. 

Presentation Mode 

Determined by the frequency and location of the information presented, the complexity of the 

presentation mode should be framed within the intentions and capabilities of the individual.  It 

should be undemanding and not involve any additional tools to aid understanding. 

Ambience 

Ambient features must be distinguishable and easy to map cognitively to action and its effect, 

thereby allowing for implicit evaluation by the individual with minimal effort or focus. 

Location 
The local or central location of the feedback is dependent upon when the individual performs 

the action and chooses to acknowledge the information.  Location requires aesthetical 

acceptance. 

Technical Expectations 
A positive installation and performance of a feedback device can stimulate or maintain interest, 

whereas a negative or below expectations experience can reduce or damage perceptions.  

Inaccurate or irrelevant information weakens the cognitive link between action and effect.   

Historic and Normative Comparisons 

Comparative information is dependent on there being a negative compared to a positive 

consequence or state.  A converse relationship may prevent challenge or increase actions. 

Additional Information, Comparisons and Instruments 

Feedback as an educational tool frames and improves the cognitive link between action and 

effect; it does not provide motivation for change.  Incentives, goal setting or further information 

may provide this motivation, dependent on the intentions and capabilities of the individual. 

Table  2-2 A Brief Summary of Feedback Considerations 
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2.5.12 The Rebound Effect and Other Challenges 
The provision of feedback and other forms of information does not always lead 

to a reduction in energy, as both Fischer (2008) and Abrahamse et al (2005) 

discuss, as if an individual is made aware of how cheap energy is or that they 

use a lower amount by comparison to others, they may actually increase their 

energy consumption.  Sorrell (2007) presents the following classification of 

energy related rebound effects, Table  2-3: 

Classification of Rebound Summary Description 

Direct Rebound 

Increase in consumption because of the cost required to provide the efficiency measure. 

Substitution Effect The level of on-going consumption is maintained despite 

switching to cheaper products or services. 

Income Effect  Increased income through efficiency savings is spent on the 

same product or service, increasing on-going consumption. 

Indirect Rebound 

Increase in consumption because of implementing an efficiency measure. 

Embodied Energy The energy required to produce and install the efficiency 

measure. 

Secondary Effects Savings from the purchase of the efficiency measure may be 

used to purchase other consuming products and services.  

Table  2-3 Classification of Rebound Effects (Sorrell, 2007)  

A further challenge explored by Van Dam et al (2010) is the concept of 

background relations, and how a feedback device whose objective it is to relate 

the energy profile of these invisible, background technologies may in effect 

become one itself.  This has been attributed to a relapse into previous 

behaviours, the increase in new energy consuming technologies and the 

rebound effect (Van Dam et al., 2010). 

Further challenges may include: appliances deemed as necessities cannot, 

therefore, be reduced or removed; energy use may become framed as negative 

thus increasing guilt and stress; domestic temporal rhythms and natural 

consumption patterns need to be considered; conflicting domestic relationships 

and practices may be gendered or generational (Hargreaves, 2010); 

consumption behaviours may become distorted (using a gas kettle because 

only electricity use is measured); and each individuals intentions and habits are 
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unique (Fitzpatrick and Smith, 2009).  The context will also influence the 

selection of technologies (installing a clip on meter in a flat may be problematic 

due to the location of the meter) (Ofgem, 2010).  

The objective of the following section of this literature review is to understand if 

products can be specifically designed to change user behaviour towards more 

sustainable action, and if so, what design methods and tools exist and are they 

successful? (section  2.1.1, Research Questions).  As such, this section will 

discuss DfSB models and strategies present in the literature, going on to 

explore how they have been implemented within a design process. 

2.6 Design for Sustainable Behaviour 
Design for Sustainable Behaviour [DfSB] is a branch of sustainable design 

theory concerned with the application of design strategies that attempt to 

influence consumer behaviour, during the use phase of a product, towards 

more sustainable action (Lilley, 2009b).  DfSB strategies when applied to the 

interface between a user and their goal – the product, can be used by the 

designer to shape an individual’s perception, learning, and interaction (Tang 

and Bhamra, 2009b).  This affords the opportunity to the designer to challenge 

the individual’s intentions, facilitating conditions and affect habit formation, 

which as discussed previously, could influence the individual’s domestic 

consumption of energy. 

2.6.1 Models and Strategies 
There is no single design approach or strategy for changing the behaviour of an 

individual towards more sustainable action (Lilley et al., 2006, Bhamra et al., 

2008).  The number of DfSB approaches that have recently been advanced, 

since Lilley et al.’s seminal paper concerning designing for behavioural change 

(Lilley et al., 2006), is testament to the growing interest and number of 

researchers active in the field of DfSB, Figure  2-7.   
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Figure  2-7 DfSB Strategies represented against the Axis of Influence (Lilley et al., 2006) 

However, when untangling the theories, it is clear that the majority of these 

structures revolve around a central concept – a linear spectrum or axis that 

concerns control or power in decision-making, with the user or individual at one 
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end and the product or designer diametrically positioned at the other.  

Strategies within these structures are distributed according to their theoretical 

and relative weighting of control or power.  

Lilley (2006) was the first to argue that there is an axis of influence between a 

product and a user, that determines where the decision making power lies.  

Towards the user agentive end of this scale, is eco-feedback.  Feedback, as 

previously described, is a method by which a product employs an overt visual, 

tactile, or aural indicator in order to inform the user as to their actions.  Eco-

feedback would fit within this research context as a means by which to indicate 

environmental, economic or social resource consumption.  Due to its non-

coercive approach, eco-feedback is considered to be a guide to change, 

enabling control of decision making to reside with the user and their individual 

interpretation of the feedback offered (Lilley, 2009b).  In the centre of this 

proposed axis is behaviour-steering (Lilley, 2009b), an approach based on 

Jelsma and Knot’s (2002) definition of scripts but expanded to include 

Norman’s (1988) notion of affordance; concerning the way in which a designer 

uses the physical characteristics of a product to prescribe a desired behaviour.  

By consciously scripting a product through the use of affordances (explicit 

potential actions), and constraints (explicit potential limitations), a designer can 

control the users interaction without forcing action (Jelsma and Knot, 2002).   At 

the opposite end of the scale from eco-feedback is persuasive technology.  

Persuasive technology, as defined by Lilley (2009b), includes Fogg’s (2003) 

theory of captology (a synthesis of computer products and persuasive 

techniques) however differs by definition through the inclusion of coercive 

strategies to ensure change, such as intelligent context aware technologies and 

ubiquitous computing which negate the users decision making processes 

(Lilley, 2007, Lilley, 2009b).  

In a similar vein to Lilley, Wever et al. (2008) propose another tripartite 

taxonomy, eco-feedback, scripting and forced functionality. This axis is 

augmented with a second branch to the model, functionality matching; the 

mismatch between the users’ desired functionality, and the functionality the 

product delivers – a design strategy recently sub-grouped with ecodesign and 

enabler by Lidman et al. (2011a, 2011b, Lidman and Renström, 2011) to form a 
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category of product rather than behavioural adaption.  Elias (2011), conversely, 

proposes a matrix with new user behaviour and existing products matched to 

user education and feedback and incentives, new user behaviour and new 

products matched to influencing or prohibiting, and old behaviours and new 

products matched to countering or adapting strategies.  However, if one was to 

lineate the matrix according to an axis of control, the three categories align with 

those proposed by Lilley (2009b) and Wever et al. (2008). 

Despite the lack of common vocabulary, which Boks (2011) observes along 

with a lack of formalised data collection methods as stumbling blocks to cross-

case study analysis, Lilley, Wever and Elias all acknowledge an axis related to 

the control or decision-making power that exists between the individual and a 

product.  However, determining which strategy is most appropriate to 

implement with a given behaviour to change is not explicit within these models.  

Suggestions include the use of qualitative data and multidisciplinary teams, a 

consideration of the designers’ intent, an observation of the consequences of 

product use or misuse, an evaluation of the associated ethical dynamics, as 

well as contemplating the intrusiveness of the intervention and the context of 

application (Lilley et al., 2006, Elias et al., 2008a, Wever et al., 2008).  Although 

these suggestions are a starting point, they do not explicitly provide any 

guidance as to which intervention strategy to select, only how to design the 

selected strategy more appropriately.  Elias et al. (2008a) propose a base line 

for assessment, the theoretical minimum, whereby deviation through bad or 

good behaviour results in bad or good energy-efficiency.  Products, however, 

are not always used in the same way by different people, or as the designer 

may have intended (Pettersen and Boks, 2008) - a bad behaviour, as Elias et 

al. would term it, that may in quantitative terms be perceived as user 

inefficiency, in reality may be an indication of a need for functionality matching 

rather than behaviour change.  As Boks (2011) also points out, conducting 

extensive life cycle impact assessments for all user behaviours and interactions 

with a product is not a quick process.  It may be more logical, therefore, to 

consider the underlying cognitive and physical structures through which the 

individual operationalises action in parallel to the consequences of this action. 
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Tang and Bhamra (2011, Bhamra et al., 2008) propose an expanded model, 

integrating Triandis’ TIB (Jackson, 2005), Anderson’s framework for the 

acquisition of cognitive skill (Anderson, 1982), and the axis of influence as 

presented by Lilley (2009b), Figure  2-8.  The intention of this model is to relate 

the habitual strength of an identified problem to a granulated axis of design 

strategies or approaches. 

 

Figure  2-8 Design Behaviour Intervention Model Diagram (Tang and Bhamra, 2011) 

The seven design strategies or approaches of Tang and Bhamra (2011), from 

eco-information which educates the user through making consumables visible 

in order to provoke reflection, through to clever design, self-controlling 

technology which eradicates user engagement, are sub divided into three levels 

of intervention.  Although the exact psychological mapping of how the three 

theories interact and when to apply each specific strategy is unclear, what is 

suggested is that information, choice and feedback should be applied to 

influence the intention of behaviour, to guide the change.  This should be 

applied when the habitual intention of the user is in the declarative stage, the 

early stage of habit formation when the user still maintains a sense of 

awareness and consideration of their actions.  If the user has emerging habitual 

routines and is in the knowledge compilation stage, the stage where repeated 
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practice streamlines cognitive thought and process, strategies that are more 

coercive should be applied, such as spur and steer, which maintain the change.  

If the user has ingrained habitual routines and is in the procedural stage of 

habit formation, then strategies that focus on the control mechanism or context 

should be applied that negate the users involvement, such as technology or 

clever design, that ensure the change (Anderson, 1982, Tang and Bhamra, 

2011). 

Although introducing habitual behaviour is a valuable step taken in developing 

this axis, the alignment of the three theories upon which this model is based is 

invalid.  The sum of the three elements of behaviour change, intention, habits 

and control is behaviour, which is a complex process present, to a lesser or 

greater extent, in all action.  A change in control or facilitating conditions may 

activate normative goals through the provision or removal of a service, 

changing ones behaviour.  A change in attitude could influence how one 

perceives technologically agentive products, resulting in a positive or negative 

behaviour change.  The current representation of this model focuses on 

habitual strength and conflates it with the entire antecedent structure of 

behaviour, which is not the same thing.   

What this model does suggest, however, is that the relative stages of habitual 

formation dictate the individual’s receptiveness to information, with the early 

stages of habit formation allowing for a greater intake of new information than 

the later, cognitive streamlined, stages of habitual action.  Although not 

specifically linked to behaviour theory by the authors, Lockton and Harrison 

(2012) explore this issue of cognitive receptiveness, tentatively proposing three 

models of the human system, using the metaphors pinball, shortcut and 

thoughtful to represent what they term linear models (given a specific input or 

cue, no cognitive decision-making is performed, with the resulting behaviour 

being routine and automated), self-regulating models (semi-rational operative) 

and learning models (fully rational operators aware of their actions through a 

reasoning process).  Whilst this approach presents the resultant behaviour 

created by an individual’s behavioural antecedents and matches it to a 

corresponding level of intervention, it still fails to address and understand the 

core of why the user enacts behaviour in a certain way.  If users, taking one of 
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Lockton’s examples, “cannot or do not make decisions for themselves”, 

displaying a linear model of human system, it is suggested that the 

corresponding “model of artefact system”, the product, should be learning 

(Lockton and Harrison, 2012, P.14).  By excluding or not pairing this model with 

a full understanding of the behaviour framework, the decisions made by the 

product may not be in line with the actual intention of the user, and furthermore 

the delegation of the learning act to the product, may negate or impinge upon 

the education or motivation of the individual.  In order to align a behavioural 

intervention with the prerequisite behavioural action, all the antecedents of 

behaviour formation need to be considered rather than a focus on just the 

resultant action or habitual behaviour.  

The approach taken by Zachrisson et al. (2011) builds upon the work of Tang 

and Bhamra (2011), but adds to the value of this model by exploring the 

psychological antecedents of behaviour in order to generate a set of principles 

or guidelines for strategy selection.   

 

Figure  2-9 Distribution of Control Spectrum (Zachrisson et al., 2011) 

The axis or spectrum presented by Zachrisson et al. (2011), Figure  2-9, is a 

similar convention to those discussed thus far, although its exact axial 

designation (for example, control or obtrusiveness) is determined by how the 

resulting strategy will impact upon the individuals behaviour (Zachrisson et al., 

2011).  The top level approaches of informing, persuading and determining are 

analogous to those proposed by Lilley (2006) and Wever (2008), with the 

granulation of strategies presented within this axis similar to those presented by 

Tang and Bhamra (2011), and exclude an eco prefix.  The use of the 

designation eco suggests that the product only considers the environmental 

impact, whereas sustainability actually considers the environmental and social 

impact of the product (Bhamra and Lofthouse, 2007).  The division between 

which strategies fall has been removed to present a fluid spectrum rather than 

an absolute categorisation.  As Tromp et al. (2011) point out when discussing 
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their own dimensions of force and salience, where an influencing product sits 

within these dimensions is not fixed but is dependent on the user, as different 

individuals may place the influencing device within different categories 

differently over time, as their perception of the intervention alters. 

Whereas the work of Tang and Bhamra (2011) attempts to provide a guide to 

selecting strategies based on a single antecedent of behaviour, habit, 

Zachrisson expands this basis to include further antecedents and factors 

relevant to the Comprehensive Action Determination Model [CADM], 

Figure  2-10.   

 

Figure  2-10 Design Guidelines for Selecting Design Strategies (Zachrisson et al., 2011) 
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Within each of these guideline constructs, labelled as habits, intentions and 

constraints, values and norms, and importance/annoyance, guidance is 

provided from a psychological perspective on how to achieve the desired 

change.  Each guideline supplements its advice with a graphical depiction of a 

plane in which the intended strategy and the guiding condition for that specific 

antecedent construct would correlate.  Along the Y-axis sits the strategy 

definition within the familiar user/product control axis (although in terms of 

habits, this axis has been replaced with experience and obtrusiveness), and in 

the X-axis is positioned the relevant condition.  For habits, the guiding 

conditions are chance for breaking, for intentions and constraints, the condition 

is intention alignment, for values and norms, the condition is ethical 

implications, and for importance/annoyance, the X-axis is scaled in terms of 

relative importance or annoyance (Zachrisson et al., 2011).  Through a 

disaggregation of the composite parts of behaviour, the designer can begin to 

understand the relative impact of their decision in terms of relevant behaviour 

antecedents, which in term may foster a greater understanding and application 

of the aggregate behavioural impact of the designed product.   

As noted in recent literature (Zachrisson et al., 2011), the guidelines provided 

by Zachrisson et al. are a promising start to tackling the issues of combining the 

antecedents of behaviour and behaviour change with design strategy; however, 

there remain a few challenges.  Through the models application in an oral 

health care case study, Zachrisson et al. (2011) found that specificity might be 

an issue as the variation in behaviour and its antecedents may differ between 

individuals.  The designer, when faced with multiple individuals with divergent 

behavioural antecedent values, it is suggested, will have to determine which is 

the most important to carry forward to focus the design.  The second issue 

highlighted is that there may be a conflict between what the guide suggests as 

a behavioural product treatment, and what the individual desires.  In the given 

example, a heuristic error on the part of the user who wants control (the first 

suggestion) may require a solution that places corrective control with the 

product (the second suggestion).  The two suggestions presented by the 

guidelines are diametrically opposed (Zachrisson et al., 2011).  A solution to 

this dichotomy may be for the designer to frame the suggestion in terms of its 
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relative impact (a value cost, such as environmental impact, time or money) 

and to select the most appropriate strategy in conjunction with the relevant 

stakeholders.   

Within the literature reviewed, it is clear that despite the progression of DfSB as 

a theory and the recognition of a product/user axis, the defining of terminology 

and classification of strategies around which future academic and/or design 

work and discussions may revolve is still incomplete, with a lack of common 

consensus potentially inhibiting fruitful cross-case study development (Boks, 

2011).  Furthermore, determining which behaviour to target and which strategy 

to apply is complicated by the complexity of human behaviour and action, which 

results in the consumption of resources. 

2.6.2 DfSB and the Design Process 
The initial focus for behaviour change case studies was not on the 

implementation of a structured design process per se, rather they sought to 

define the more basic blocks and theory of what was to become DfSB; how to 

assess the behaviour of the user and the relative impact of their actions.  

Rodriguez and Boks (2005), the Interactive Institute’s Static! Project 

(Ludvigsson, 2005, Backlund et al., 2006) and Lilley et al. (2006, Lilley, 2009a) 

explored how design methods and tools could be implemented to gain 

qualitative insights into user behaviour through techniques such as the use of 

cameras and user diaries, interviews, video recorded observational data and 

shadowing, and cultural probes.  Despite the lack of commonality on which 

methods to use for which behaviours studied, an issue still on going (Boks, 

2011), the use of qualitative research techniques, particularly those that 

observed and interacted with the individual in context, was identified within 

these early case studies as being one of the key mechanisms that designers 

may employ in understanding user behaviour and action.  Elias et al. (2008a, 

2008b) and Wever (2010) offered a different perspective, illustrating the use of 

quantitative techniques in establishing an understanding and measure of action 

and behavioural impact; quantifying behaviour, such as the length of time a 

refrigerator door is open or the number of products correctly disposed of, offers 

direction for evaluation and redesign.  Although the quantitative techniques lack 

the in-depth understanding of behaviour afforded through qualitative 
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investigation (behaviour is not measured just by number of repetitions of action 

(section  2.2)), both of these approaches offer different perspectives on how to 

assess the behaviour of the user and the relative impact of their actions.  Only 

more recently, however, have these methods been considered more fully within 

structured design process models of application. 

The work of Selvefors et al. (2011), Tang and Bhamra (2009a, 2009b, 2011) 

and more recently Zachrisson et al. (2011) and Lidman et al. (Lidman et al., 

2011a, Lidman and Renström, 2011) augment design process models in order 

to generate products that change the users behaviour toward more sustainable 

consumption, Figure  2-11, Figure  2-12 and Figure  2-13.  These process models 

are representations of design strategy; defining the management of the design 

and development of a product or system in a standardised manner (Dubberly, 

2004, McClelland and Suri, 2005).  If the intention is to implement the DfSB 

framework towards the design of products in a systemic and rigorous manner, 

then understanding the design process through which it is put into practice is 

essential.   

Tang and Bhamra (2009a, 2009b, 2011) explore how DfSB can be used 

towards reducing the domestic energy impact of refrigerators in a UK case 

study, using their design process model around which to frame discussion 

(Figure  2-12). Working with IKEA of Sweden, Selvefors et al. (2011) take a 

case study approach looking at the actions and habits that surround the use 

and charging of small, mobile electronic devices, identifying and implementing 

six steps within their design process (Figure  2-11).  Although the details of the 

project are confidential to IKEA, highlighting the paradoxical problem of 

collaborative research with corporate entities, it is still possible to discern the 

research and design stages within this study.  The guidelines developed by 

Zachrisson et al. (2011), as previously discussed in section  2.6.1, were tested 

through a qualitative case study in collaboration with Philips Research, looking 

at Norwegian and Dutch oral health care behaviours (Figure  2-13).  Lidman et 

al. (2011a) consider the overdosing of washing detergent in a domestic context.   
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Figure  2-11 DSCB-approach Integrated into a Design Process (Selvefors et al., 2011) 

 

Figure  2-12 Design Behaviour Intervention Model Design Process (Tang and Bhamra, 2011) 
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Figure  2-13 Zachrisson et al.’s (2011) Proposed Design Process (edited from original) 

Despite the small number of DfSB case studies available, the areas in which 

this knowledge is applied, although all domestic, represent a breadth of socially 

ingrained, consumptive activities. 

The initial steps of all the afore mentioned design processes begin with defining 

the intervention context; identifying the behaviours relevant to target and the 

physical and cognitive factors that affect and perpetrate that activity.  In defining 

this context, the cornerstone against which to design behavioural interventions 

is established.  The process employed by Selvefors et al. (2011) suggests that 

the initial focus of the project is determined by product analysis, a comparison 

of the product against a theoretical behaviour model to determine how the 

designer expects the user to act and the energy consuming consequences.  

Only in the second step, analysing user habits, are qualitative interviews and 

observational techniques applied.  One would expect, however, that an issue 

with narrowing the focus prior to interviewing and observing the user may be 

that certain energy consuming actions and habits are effectively ruled out 

before they may have even been analysed, although this questions the 
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feasibility and the level of depth that may be possible through a more open 

investigation.  In the third step of Selvefors et al.’s (2011) model the energy 

consuming aspects of the identified behaviours were considered, leading to 

step four, the selection of the behavioural action to target based on its resource 

impact and the greatest potential for change, echoing elements of Elias et al.’s 

(2008a, 2008b) quantitative priority method.  Tang and Bhamra (2009a, 2009b, 

2011) in defining the context of use, also use several user-centred research 

techniques, namely questionnaires, and in a similar vein to Selvefors et al., 

semi-structured interviews and observational studies.  Again, a specific product 

or interaction is selected prior to behavioural analysis.  Zachrisson et al. (2011) 

explore a myriad of UCD research techniques within their collaborative project, 

such as interviews, overt and covert (hidden camera) observational studies, the 

use of cultural probes and the analysis of blogs (Boks, 2011, Zachrisson et al., 

2011) within their initial phases; study the practice, identify target behaviours, 

and identify factors affecting the behaviour.  The use of UCD techniques within 

these research projects has been fundamental to forming an understanding of 

the user’s action and cognitive activities and associated impact, therefore 

illustrating the necessity of such UCD techniques at the front end of the design 

process. 

With the scope of research reduced and target behaviour defined, and more 

critically, understood, the next phase is to determine the intervention strategy to 

apply and to design product interventions accordingly.  Selvefors et al.’s (2011) 

fifth and sixth steps, identifying suitable intervention approaches and 

developing product concepts, involve the use of UCD creative development 

techniques anchored around the designers understanding of behavioural 

strategies and their creative problem solving abilities, shunning the use of 

guides that relate a specified intervention to a specified behaviour.  With the 

needs, context, actions and hidden factors identified, Tang and Bhamra (2009a, 

2009b, 2011) generated insights which were framed as briefs and several 

paper-based design solutions were produced using their Design Behaviour 

Intervention Mode for guidance.  Zachrisson et al. (2011) use their guidelines in 

order to select the design strategy appropriate for changing the target 

behaviour, bookending the design process to provide guidance and focus 
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before commencing design, and in addition, focussing the evaluation in order to 

identify the designs appropriateness and potential in relation to identified 

behavioural antecedents.   

Zachrisson et al. (2011) also propose the use of external models and methods, 

namely Fogg’s Behaviour Grid and Fogg Behavioural Model (Fogg, 2009, Fogg 

and Hreha, 2010),as well as Lockton’s Design with Intent cards and method 

(Lockton et al., 2010a) to aide in the defining or constraining of behaviours to 

target and the selection of strategies.  However the use of external models and  

methods cannot be used without an in-depth knowledge and understanding of 

the behaviour that the designer intends to change, as the models and methods 

themselves do not provide any support to understanding the antecedent, 

cognitive structure to the behaviour (Wilson et al., 2010).  Designer awareness 

and knowledge of the ‘problem’ throughout the design process is critical to the 

successful execution of the design process (and resulting intervention). 

Although the evaluation phase proposed by Zachrisson et al. (2011) does not 

discuss input from stakeholders, the use of a guide may offer direction towards 

the areas of antecedent or habitual change that the designer may use to focus 

such investigation with relevant individuals, missing in other process models. 

Interestingly, the evaluation of the concepts produced by Selvefors et al. (2011) 

is considered to be outside of the remit of their Design for Sustainable 

Consumption Behaviour-approach, noting only that the most relevant concepts 

were evaluated “in relation to the company’s product portfolio, the company 

objectives, and to the competition on the market” (Selvefors et al., 2011, P.6).  

No indication of how the concepts would influence the behaviour of identified 

users or the behavioural acts that they perform is given or methods suggested.  

Tang and Bhamra (2009a, 2009b, 2011) used focus groups in order to validate 

their concepts, which although produced useful insights cannot be shown as 

categorical evidence that the concepts are effective; in other words, that the 

designed interventions changed behaviour over time in context.  Lidman et al. 

(2011a) turn towards a longer period of contextual  study and evaluation, a key 

advantage of which is that the behavioural change itself becomes more 

apparent, is rigorously documented, with a longitudinal baseline recorded prior 

and post intervention for quantitative and qualitative comparison.  An interesting 
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finding of this study and that of Wever (2010) was that after the interventions 

were removed, several individuals returned to prior, problematic techniques of 

dosage or waste disposal, indicating that the change in behaviour was 

contingent on the continuing presence of the intervention itself.  This suggests 

that the length of installation may affect habit formation, and furthermore, the 

evaluation should extend to include post intervention residual effects.  

Consideration of the evaluation phase of the design process, the assessment 

criteria and how the information can be iteratively fed back into the design 

process in most of these design process models and case studies is, for the 

most part, absent.   

In summary, it is clear that there is a consensus model of DfSB design process 

forming that follows a structure of: 

• forming an understanding of behaviour in context; 

• the informed selection of a behavioural target; 

• the selection of a corresponding behavioural intervention strategy; 

• the designing of appropriate behavioural interventions; 

• finally, the evaluating of the behavioural intervention against the initial 

understanding of behaviour in context. 

This tentative model, however, is yet to be standardised across DfSB research 

and is critically lacking in several areas, such as the defining of a suitable 

evaluation strategy for behaviour changing interventions.  Although ever 

increasing, the lack of case studies, especially those that implement the entire 

design process from initial investigation through to evaluation or cyclical 

iteration, constrains the evaluation of these design processes to predominantly 

theoretical discussion with few results to debate.  

2.7 Ethical Design Considerations 
The question of ethics in design, as Albrechtslund (2007, p.66) states, “is not 

optional”, as technology has ethical connotations whether prescribed towards 

sustainable ends or not by the designer.  Both Vries (2006) and Dorst (2006) 

explore the parallels between the design process and moral problem solving, 

concluding that by considering design problems and ethical problems as ill-
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structured (no clear goals or defined  or comparable alternatives, with solutions 

developed during the solving of the problem), the abilities, techniques and 

processes inherent to the designer and design process, are generally 

applicable to the creative solving of ethical problems.  Designers do not pick a 

single solution, but develop new solutions that attempt to reconcile abstract 

conflicts.  Designers are therefore ideally positioned to deal with the dual 

development of technological interventions and the solving of ethical issues.   

This line of ethical questioning is further intensified when we consider the goal 

of sustainability.  If we are to reach the target of reducing UK greenhouse 

gases by 2050 to at least 80% of those recorded in 1990 (Parliament of the 

United Kingdom, 2008), does this provide the designers of behaviour changing 

technology with energy reducing motivations ethical justification?  What if the 

readiness of the stakeholders to surrender their values differs from that 

expected by the designer (Pettersen and Boks, 2008)? 

2.7.1 Designers Motivations, Intent and Methods 
Fogg (2003) proposes that one criterion by which to assess the ethics of a 

persuasive product is to understand what the designers original intent was, as 

an unethical intent may translate to an unethical technology.  Intentions may be 

highly ethical such as the promotion of health and safety, or unethical such as 

the promotion of violence.  It is also important to consider that the motivation, 

the prompt for action, and intent,  the aim of action, are not the same 

(Berdichevsky and Neuenschwander, 1999).   

The method of persuasion employed by the designer, the technological 

intervention, can also have ethical consequences.  Fogg (2003) states that 

certain methods are clearly unethical, such as the use of deception (false 

promises that never get delivered) and coercion (enforced change to the benefit 

of the product and not the user).  Methods such as operant conditioning 

(promotion of behaviour through reinforcement or punishment) and surveillance 

(monitoring system with weighted repercussions) are ethically subject to the 

method by which they are implemented, such as whether they are overt and 

harmless or covert and harmful.  Strategies that promote the understanding of 

cause-and-effect relationships are generally considered ethical if they empower 
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and benefit an individual.  The use of emotion to persuade an individual may be 

deemed ethically questionable if it exploits an individual’s emotive reaction or if 

it is aimed at vulnerable groups (Fogg, 2003).  

Ethical issues related to trust, privacy and security are also paramount.  Certain 

persuasive technologies are only effective whilst the user is unaware that they 

are being persuaded, and users tend to trust technological products, and do not 

expect to be lied to, have information purposefully falsified or to be misinformed 

by them.  The users detection of false information may weaken trust and foster 

mistrust with further devices (Berdichevsky and Neuenschwander, 1999, Fogg, 

2003).  Behaviour changing technologies, furthermore, often require contextual 

inputs concerning the user’s behaviour and personal information.  This 

information needs to be handled in line with the user’s expectations (Lilley and 

Lofthouse, 2010).  

The majority of methods used by technology, however, do share common 

ground with those used by human agents (Berdichevsky and Neuenschwander, 

1999).  Fogg  questions, “If a human were using this strategy to persuade me, 

would it be ethical?” (2003, p.221).  By considering a technological device as a 

hypothetical human mediator, ethical parallels can be drawn as to the 

acceptability of the technology’s methods (Gowri, 2004).  Berdichevsky et al 

(1999) propose a set of principles against which it may be possible to ethically 

evaluate the motivations, intent and method of a persuasive intervention, 

Table  2-4.   
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Ethical Principles Of Persuasive Technology 

I. The intended outcome of any persuasive technology should never be one that would be 

deemed unethical if the persuasion were undertaken without the technology or if the outcome 

occurred independently of persuasion. 

II. The motivations behind the creation of a persuasive technology should never be such that 

they would be deemed unethical if they led to a more traditional persuasion. 

III. The creators of a persuasive technology must consider, contend with, and assume 

responsibility for all reasonably predicted outcomes of its use. 

IV. The creators of a persuasive technology must ensure that it regards the privacy of users 

with at least as much respect as they regard their own privacy. 

V. Persuasive technologies relaying personal information about a user to a third party must be 

closely scrutinized for privacy concerns. 

VI. The creators of a persuasive technology should disclose their motivations, methods, and 

intended outcomes, except when such disclosure would significantly undermine an otherwise 

ethical goal. 

VII. Persuasive technologies must not misinform in order to achieve their persuasive end. 

VIII. The Golden Rule of Persuasion.  The creators of a persuasive technology should never 

seek to persuade a person or persons of something they themselves would not consent to be 

persuaded to do. 

Table  2-4 Berdichevsky et al (1999, p.52)  Ethics of Persuasive Technology 

Implementing the principles, however, is not anchored to any universal moral 

framework, and in addition, is not all encapsulating as it negates issues 

concerning the unintended outcomes from a persuasive technology (Pettersen 

and Boks, 2008).  Such principles, however, do serve to highlight the 

complexity of the moral subjectivity associated with behaviour changing 

technologies. 

2.7.2 Distribution of Moral Responsibility and Democracy 
Technological devices can be used to shape action and perception as a context 

dependant negotiator between a user and their goal; perception and 

interpretation of reality can be manipulated for emphasis, actions can be 

suggested (Verbeek, 2006).  Whilst devices are not neutral in terms of 

transforming action and perception, the technologies themselves cannot be 

considered moral agents as the technology embodies the motivation and intent 

of the designer, and as such is the responsibility of the designer.  A 

technological device has no perception of decision-making or morality 

(Berdichevsky and Neuenschwander, 1999, Fogg, 2003, Pettersen and Boks, 
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2008).  Moral responsibility resides with the designer and the user (or 

purchaser) of the technological device who has freedom of choice and action.   

Such devices may also be considered to be antidemocratic, with human 

decision making replaced by technological problem solving; with users losing 

control and freedom to technology (Verbeek, 2006, Pettersen and Boks, 2008).  

Determining the extent to which the designer can restrict choice or use coercion 

before human rights are irrevocably violated by technocracy is complicated 

further by the argument that such interventions may be more effective in 

generating sustainable action than user agentive technologies; creating a 

balance (or conflict) between effectiveness and acceptability (Lilley and 

Lofthouse, 2010).  The societal concept of a greater or common good suggests 

that it may be possible to balance short-term restrictions at the technological 

agentive end of this axis against the moral wealth of society.  If DfSB seeks to 

achieve the long term aim of sustainable action by persuading the actions of an 

individual towards a prescribed set of goals and values not necessarily in line 

with their own, individual freedoms may potentially over the short term need to 

be restricted through technological interference or automation (Pettersen and 

Boks, 2008).  However, if the user’s cognitive process is negated, cause is 

further separated from effect, which is fundamental to the user’s learning and 

understanding of the consequences of their behaviour and actions, therefore 

reducing the potential for spill-over sustainable behaviour  (Pettersen and Boks, 

2008).  Restricting freedom short term may therefore run counter to longer term 

sustainable intentions. 

2.7.3 Intended and Unintended Outcomes 
The ethical responsibility of a designer does not end with the purchase of the 

designed technological device but continues into the products use phase.  It is 

vital, therefore to consider the user’s interactions when presented with such 

technology.   

The belief that a designed technology will be used as the designer intends is 

considered a problem as it does not account for the unpredictable nature of the 

user and the operational context (Albrechtslund, 2007).  Technologies can be 

considered to be multistable, with no fixed meaning other than that which is 
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interpreted by the user and the cultural, historical and social context in which it 

finds use (Verbeek, 2006, Albrechtslund, 2007).  The multistability of 

technology presents a problem to the designer of technological interventions as 

the ethical uncertainties of intended use are compounded with the ethical 

uncertainties of unintended use, Figure  2-14. 

 

Figure  2-14 Responsibility for Intended and Unintended Outcomes (Berdichevsky and 
Neuenschwander, 1999) 

Unintended use behaviour could manifest itself as rebound effects or the 

intentional disabling or circumventing of technology functions (Lilley and 

Lofthouse, 2010); both of which may be hard to predict and have negative 

ethical repercussions.  In order to design a behaviour changing intervention 

based on DfSB theory ethically, it becomes clear that it is the responsibility of 

the designer to anticipate and account for the multistable nature of technology 

concerning the technology’s use.   

2.7.4 Ethics and the Design Process 
In response to the lack of specific  tools available to the designer, Lilley and 

Lofthouse (2010) propose the use of a weighted ethical matrix and checklist, 

Figure  2-15, by which the designer can evaluate the designers intent and 

methods in relation to the targeted behaviour for change, with consideration of 

the intended and unintended impact upon all relevant stakeholders. 
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Figure  2-15 The Ethical Evaluation Matrix (Lilley and Lofthouse, 2010, p.62) 

Part A of the ethical matrix concerns the designer evaluating the existing 

behaviours of the user, uncovering and identifying interactions through user 

centred techniques.  Such behaviours are then recorded and rated against 

societal and environmental impact, the duration of the behavioural effects 

produced, as well as the permanency of such effects.  Part B of this matrix is 

concerned with assessing the ethical impact of the redesigned product.  Again, 

the impact, effect and permanency of the behaviour is recorded, along with the 

probability of said behaviour occurring (Lilley and Lofthouse, 2010).   

An issue of concern is if the scales were to be used to provide relative 

weighting between ethical issues as this does not relate to how ethics are 

accounted for.  Human agents are not rated by aggregate scales but each 

positive and negative act independently (Gowri, 2004).  Scaling moral impacts 

with a strength rating may lead one to believe there to be an attainable net 

positive impact of a design, with the strength of a single positive outcome 

outweighing several negative outcomes of a lower moral value.  Furthermore, 

this may imply that all values and issues are on the same linear scale; what 

may be morally negative for one individual, may be positive for a different 

individual.  Analysis of impacts and consequences should be qualitatively 

assessed with all moral issues discussed with all stakeholders, with rank and 

prioritising avoided (Gowri, 2004). 
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Part B of Lilley and Lofthouse’s (2010) matrix explicitly demands the designer 

to consider the ways by which their product may be used, down to prediction on 

the part of the designer as to how the technology will be adapted within its use 

context; its multistability.  The prediction process can be constructed in one of 

two ways; either by the designers own imagination, or by a systemic 

involvement of stakeholders (Verbeek, 2006, Pettersen and Boks, 2008).  The 

designer can use their imagination and inherent skills to predict and design for 

the user and use contexts associated with a technological device.  By 

envisaging the roles and demands that the device will play, future scenarios 

can be iteratively designed for.  The limitation with such a technique is that it 

relies on the designer’s innate imagination and empathic ability, as well as their 

interpretation of what they perceive to be the user and use context.   

To fill this gap in knowledge and to supplement and inform this forward-facing 

technique, designers need to actively engage with all potential stakeholders.  

By empowering stakeholders and directly feeding  their experiences and 

expectations into the design process, decision making moral responsibility can 

be shared to provide a democracy of power and a discursive platform to 

examine opposing values to ensure that the diverse requirements and interests 

of all are accounted for and a consensus is reached (Verbeek, 2006, Pettersen 

and Boks, 2008).  Potential users can get involved in the early investigatory 

stages of a design process to help uncover tacit knowledge and provide 

insights into how and in what contexts future technology may be used 

(McClelland and Suri, 2005).  The selection of design options, refining of 

solutions and evaluation processes can all involve the users input to some 

degree, to help the designer to shape the potential ethical future of the 

technological device as well as broaden the potential of uncovering undesirable 

multistable outcomes.  A device designed through user centred design methods 

may still lead to a device that negates the end users decision making ability, 

however, the device may still be considered to be democratically sound (and 

not technocratic), as the democratic user input and decision making is still 

present, but its point in the product cycle has shifted.  By improving this 

understanding, better predictions can be made by the designer or the 

stakeholder as to how the technology will be interpreted and appropriated into 



Literature Review 

66 

society, although it should be acknowledged that this prediction could never be 

guaranteed or in consideration of every eventuality. 

2.8 Conclusions 
Having drawn together and reviewed a large body of work from the fields of 

interest relevant to completing the aim and objectives of this research project, 

the conclusions formed are framed by the research questions that guided this 

investigation.  Despite the ever growing wealth of knowledge assembled and 

critiqued here, several key issues or gaps in knowledge have been found and 

presented within this following section, indicating areas of research that require 

further investigation. 

2.8.1 Factors Influencing Household Energy Use 
 

 How is energy consuming behaviour influenced and perpetuated by 

 internal and external factors? 

 

The factors that influence the individual’s attitude and behaviour towards 

interaction with energy consuming domestic products are complicated.  

Although, as Darby emphasises, energy is a “basic human need” (2000, P.2), 

studies have shown its consideration by the individual to be very low with 

minimal interest (Burgess and Nye, 2008, Fischer, 2008).  In addition, it has 

been recognised that the mental frameworks of energy that the individual 

develops are formed through levels of indirect consumption, dependant on 

interaction with products and an interpretation of the associated benefits 

(Fischer, 2008, Steg, 2008), emphasising that that study of energy use is 

intrinsically linked to the use of products.  In order to understand energy 

consumption, it is therefore important to understand the complex behavioural 

processes that underpin and drive the cognitive structures that form these 

interactions with energy consuming products. 

As has been illustrated, multiple models are available to provide disparate 

psychological or sociological perspectives into the underlying facets and 
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structures that form behaviour and action or practice.  However, the position 

that has been determined of consequence within this body of work is that 

postulated by the Theory of Interpersonal Behaviour (Jackson, 2005), 

augmented with Verplanken’s definition of habits (Verplanken, 2006).  Within 

this approach, the individual is central to a rational decision-making process, 

with behavioural action influenced by internal and external prompts that interact 

with the intentions (attitudes, social factors and emotions), habits and 

facilitating conditions unique to the individual and their context (Jackson, 2005, 

Chatterton, 2011).  With a model identified, the energy consuming actions of 

the individual and their behavioural processes studied can be put into relative 

context with the strategies available that seek to change or influence this 

behaviour. 

2.8.2 Behaviour Change Interventions and Strategies 
 

 What theories and strategies exist that explain and promote changes in 

 behaviour? 

 

Despite the development and implementation of feedback interventions having 

been inherently linked to this research study by the project context 

(section  1.2), it was important to identify other theories, strategies and 

interventions that exist.  By understanding and defining the relative position of 

feedback as a strategy within the context of other intervention and strategy 

types, the expectations and limitations of the implemented feedback 

mechanism may be understood. 

Broadly speaking, intervention types are split into two categories, antecedent 

interventions and consequence interventions, of which feedback strategies fit 

into this latter category.  Antecedent interventions, such as commitment, goal 

setting, informational and structural strategies, aim to influence or change the 

antecedents of behaviour, namely intentions, habits and facilitating conditions, 

prior to the enactment of the behavioural action (Abrahamse et al., 2005).  

Antecedent interventions thus attempt to focus, motivate, educate, facilitate or 
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constrain the individual towards making a desired behavioural action.  

Consequence interventions, including the use of reward and feedback 

strategies, take an alternative approach, shifting focus towards the 

consequences of behaviour, framing the positive or negative resulting impact 

that behaviour has in relation to the antecedents that motivated that action 

(Abrahamse et al., 2005). 

Through an understanding of feedback strategies within these terms and 

boundaries, feedback strategies can be defined as an educational tool used to 

frame energy-consuming issues and problems caused through behavioural 

action in order to generate cognitive reflection upon and within the intentional, 

habitual and conditional antecedent structure of the individual. 

2.8.3 Categories of Feedback and Feedback Considerations 
 

 How can feedback be used as a behaviour change mechanism? 

 

Whichever categorisation one takes of feedback strategies, the key behaviour 

change mechanism of importance is that of information provision, as 

information is central to the concept of feedback as an educational tool.  

Without information, the bridging cognitive connections between action and 

effect are weakened, as the impact of the action is not linked by the individual 

to the behavioural antecedents that precipitated that action, negating any form 

of reflection or increase in awareness (Darby, 2008, Fischer, 2008, Darby, 

2010).   

What has been shown by the research studies discussed, is that the ability of 

information to motivate the individual is not only dependant on its content, but 

also its delivery method, as this helps to frame the information presented to the 

individual.  Several key design considerations have been discussed within this 

chapter, including the frequency and duration, the accuracy, the selection of 

metrics and the granularity of the information presented to the individual by the 

product.  Further considerations looked at the presentation medium and mode 

and the use of ambience depending upon the location of the feedback device.  
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Consideration was also given to the technical expectations of the individual, the 

desirements of the user concerning comparisons of data and the potential 

rebound effects that may be incurred.  Although each section analysed these 

feedback considerations in detail, broad conclusions can be drawn.  The key 

points to conclude are that the information provided by the feedback device 

needs to be accurate and frequent enough, depending on the context of use, in 

order to strengthen this cognitive bridge between action and effect.  

Furthermore, the information presented needs to be comprehensible, 

undemanding, and easy to cognitively process, with ambience features easy to 

map cognitively for implicit evaluation.  In addition, the use of historic or 

normative comparisons depends on the motivations and intentions of the 

individual.  Given this myriad of requirements, it is imperative that the feedback 

device is tailored to the intentions, capabilities and expectations of the 

individual, failure to do so may lead to potentially damaging rebound effects.  

Clearly, the process by which these mechanisms are designed needs to 

consider these requirements and the methods by which this detail may be 

elicited from the individual. 

2.8.4 Design for Sustainable Behaviour 
 

 Can products be specifically designed to change user behaviour towards 

 more sustainable action, and if so, what design methods and tools exist 

 and are they successful? 

 

Design for Sustainable Behaviour theory presents a catalogue of design-led 

strategies concerned with influencing user behaviour, during the use phase of a 

product, towards more sustainable action (Lilley, 2009b).  It has been 

recognised by the majority of researchers working in this field that there exists 

an axis along which these strategies are positioned, determined by the control 

or power in decision-making.  At one end of this axis are technologically 

agentive solutions such as intelligent, automatic technologies, whilst the other 

end of the axis represents user agentive technologies, such as feedback 

(Wever et al., 2008, Lilley, 2009b, Elias, 2011, Lidman et al., 2011a, Tang and 
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Bhamra, 2011, Lockton and Harrison, 2012, Zachrisson and Boks, 2012).  

However, as one would expect from a field that is growing rapidly with 

researchers investigating various facets and definitions of this axis 

concurrently, there are disagreements on the terminology and classification of 

these strategies, making future research attempts and cross-research 

discussions difficult without clear and common agreement.  Furthermore, whilst 

it has been recognised that the antecedent structure of behavioural action is an 

important consideration in the selection of a specific behaviour changing 

strategy (Tang and Bhamra, 2011, Zachrisson and Boks, 2012), the 

representation, complexity and fluidity of these underlying cognitive structures 

makes informed and targeted selection difficult. 

The role of DfSB within the design process is also at present open to academic 

debate.  Whilst a design process model is emerging through consensus 

(Selvefors et al., 2011, Tang and Bhamra, 2011, Zachrisson et al., 2011), the 

exact relationship between the phases is yet to become standardised.  It is 

clear, however, that across all the design processes examined that user-

centred design research techniques are required prior to the selection of an 

intervention strategy in order to understand the intervention context, the 

behavioural antecedents and the corresponding action and effect.  This 

information is then used to select, frame and bound the behaviour in order to 

focus the selection of the behaviour changing strategy.  Concepts are 

generated within the defined remit of the strategy or strategies selected, 

evaluated against the behavioural antecedents through longitudinal study.  The 

lack of case studies at present makes it difficult to judge the effectiveness of the 

design processes suggested as well as the appropriateness of both the 

targeted behaviour and the selected DfSB strategy.  Because of the lack of 

case studies coupled with the short duration of many of the implemented 

design processes identified, which tend to focus on the early stages of the 

design process model and the selection or defining or DfSB strategies, how a 

DfSB device should be evaluated is also relatively indeterminate. 
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2.8.5 Ethical Design Considerations 
 

 What are the ethical implications of changing behaviour through design 

 and can this ethical dimension form part of a controlled design process? 

 

As has been discussed, the issue of ethics is implicit in design whether 

intended or not (Albrechtslund, 2007), and the designer is ideally positioned 

within a design process as a solver of ill-structured problems, a definition within 

which ethical design clearly resides (Dorst and Royakkers, 2006, Vries, 2006).  

Considering DfSB specifically, the issue of ethics is intensified, as the expected 

behavioural change prescribed through the design intervention by the designer 

in order to reduce energy consumption, may not be in line with the expectations 

and values of the user (Pettersen and Boks, 2008).  Faced with this dilemma, it 

is suggested that the designers motivations and original intent are investigated 

(Berdichevsky and Neuenschwander, 1999, Fogg, 2003), and that the methods 

and strategies employed by the designer are ethically evaluated, considering 

the intervention device as a hypothetical human mediator to aide in this 

complex and morally subjective assessment (Fogg, 2003, Gowri, 2004).  

Furthermore, the body of literature reviewed emphatically states that moral 

responsibility resides with both the designer and the user (Berdichevsky and 

Neuenschwander, 1999, Fogg, 2003, Pettersen and Boks, 2008). In order for 

the designer to ensure human democratic rights are not violated and that the 

outcomes of interaction by the user with the product are ethically accounted for, 

users and other stakeholders should be involved within the design process 

(Verbeek, 2006, Pettersen and Boks, 2008, Lilley and Lofthouse, 2010).  Input 

from relevant stakeholders can lead to democracy of the design process, 

preventing technocratic infringement, and in addition, such input can be used to 

envisage the future roles and demands that are placed upon or by the product 

and its operating context, supplementing the designer’s imagination and 

empathic skills.  Although limited attempts have been made to formalise the 

ethical evaluation of behaviour changing interventions, what are suggested 
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tend to be along the lines of subjective guidelines with more formalised design 

tools lacking rigorous evaluation. 

2.8.6 Gaps in Knowledge 
As stated, despite the growing maturation of this field of research, several key 

issues have not been comprehensively covered or questions that remain 

largely unanswered by the represented literature, presenting areas or gaps in 

knowledge requiring further research and investigation.  It would be, therefore, 

useful at this point to succinctly summarise the gaps in literature that this 

research has identified within these preceding conclusions. 

• Whilst it is clear that the energy consuming behaviour of an individual is 

a complex synthesis of user intentions, habits and facilitating conditions 

shaped by internal and external factors and influences, it is not clear 

which research methods within the design process would be the most 

appropriate for collecting and analysing this data. 

• As an extension to the first point, the user’s unique definition of comfort 

due to this complex assemblage of behavioural antecedents is also 

undetermined within this research context (i.e. social housing in Merthyr 

Tydfil), therefore requiring investigation. 

• Although the categorisation of feedback and the key feedback 

considerations are relatively well defined within the literature, they have 

not been applied specifically within this research context or specifically 

considered within an applied DfSB design process. 

• A large gap in the literature concerns the lack of a cohesive user-centred 

DfSB design process, with those suggested within the literature 

remaining linear and only partially formed.  This is most evident in the 

lack of any discussion with regards evaluation methods for, or 

prototyping of, DfSB intervention mechanisms.  As a result, there is also 

a clear deficiency in the number of DfSB practical application case 

studies.    

• A final gap in the literature identified that requires resolution is the need 

for a formularisation of an ethical design framework concerning DfSB 

schemas. Whilst limited and subjective guidelines exist, they tend to be 
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retrospectively considered and not fully embodied and considered within 

a comprehensive design process.  The role of the user and 

interdisciplinary input has also only been considered theoretically and 

not rigorously applied. 
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3 Research Methodology 

3.1 Introduction 
This chapter outlines the 

approach and strategy of the 

research design used 

throughout this enquiry in order 

to achieve the aim and 

objectives as presented in the 

first chapter of this thesis.  With 

the research purpose, type and 

strategy defined, the chapter 

goes on to discuss the 

procedures used in the 

collection and analysis of the 

data.  This section concludes with a statement of the research scale, along with 

a discussion of issues pertaining to the ensuring of research validity and 

standards of ethical research and practice. 

3.2 Research Purpose 
The purpose of this qualitative research is tied to resolving the aim and 

objectives of this research enquiry.  To investigate, explore and develop how 

DfSB models and strategies can be implemented within a structured design 

process towards the reduction of domestic energy consumption, a case study 

research approach is presented.   

The central participants of the case study are the researcher-designer and the 

inhabitants, within the case of domestic energy use and comfort and the 

bounded system of social housing in Merthyr Tydfil.  The initial focus of the 

case study research is to understand through contextual interviews, guided 

tours and thematic analysis how the inhabitants define and control comfort and 

domestic energy consumption.  The case study moves onto researcher-

designer practice to produce a feedback intervention prototype, to explore and 

develop knowledge through the critical reflection of the design development 
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process and outcomes of the design practice.  The case study concludes with 

the evaluation of the feedback intervention prototype with focus group 

interviews and through user trials and contextual interviews with thematic 

analysis to develop knowledge and understanding.  The following diagram 

(Figure  3-1) provides a broad overview between chapters and the research 

process, also illustrating the various third party elements involved with this body 

of research (for further information, please refer to the respective chapter). 

 

Figure  3-1 The Research Process 

Robson (2002) presents four categories of research enquiry classification; 

exploratory, descriptive, explanatory, and emancipatory.  In brief: an 

exploratory purpose seeks to uncover, question and assess situations and 

phenomena towards new insights and understanding; a descriptive purpose 

aims to profile an event or context; an explanatory purpose seeks to explain a 

situation or phenomena through an investigation of patterns and relationships; 
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and an emancipatory purpose aims to analyse and provide opportunities within 

social inequities. 

The over-arching framework of this research can be classified as exploratory.  

That is not to say, however, that certain elements within this enquiry cannot be 

classified as having other purpose (Robson, 2002).  By exclusively looking at 

social housing as a case study and methods by which to reduce domestic 

energy consumption whilst maintaining comfort, an argument could be made 

that this potential enrichment or empowerment is emancipatory in nature 

(although this is not the over-arching focus of this research).  

3.3 Research Type 
Research type falls into two broad categories, qualitative research (also 

referred to as flexible research), and quantitative research (also referred to as 

fixed or closed research) (Robson, 2002, Yin, 2009).   

Qualitative research, originating from the social sciences, involves the 

researcher integrating their self as a tool within the research, focussing on a 

limited number of studies to discover and subjectively interpret multiple 

variables.   The research strategy, because of this inductive line of reasoning, 

evolves with the research and involves iterative cycles of data collection and 

analysis (Hignett, 2005, Creswell, 2007); the research, so to speak, ‘unfolds’ 

(Robson, 2002). 

Quantitative research, originating from the physical sciences, involves the 

researcher investigating from outside of the study context and employs 

objective reasoning to deductively explain predefined hypotheses.  Studies 

within this remit focus on multiple cases with controlled and limited variables, 

with the research strategy defined prior to the commencement of study 

(Hignett, 2005).  Traditionally, quantitative research is perceived as being the 

scientific type of the two types of research.  However, as Robson states, both 

types of research may be termed to be scientific, as long as they are “carried 

out in a systematic, principled, fashion” (2002, P.5). 



Research Study 

77 

It is also worth noting that although flexible research predominately uses 

methods that result in qualitative data (and by extension, fixed or closed 

research predominately quantitative data), the term flexible or fixed allows for a 

research framework to involve mixed-methods, and therefore the use of terms 

qualitative or quantitative research to describe the framework may be incorrect 

(Robson, 2002).   

In this research enquiry, the research is predominately qualitative as the 

researcher is directly involved as a research tool and the data acquired from 

the data collection is subjectively analysed, with knowledge inductively gained.  

The research type will be denoted as qualitative research or more specifically, 

flexible research from this point forwards. 

3.4 Research Strategy 
As Creswell (2007) points out, qualitative research is not short of approaches 

with over thirty approaches identified from multiple disciplines.  The five key 

approaches that Creswell identifies are narrative research, phenomenology, 

grounded theory, ethnography, and case study.  In summary:  

• narrative study is concerned with the study and understanding of discourse, 

and how it relates to an individual’s life and context;  

• phenomenological research pertains to the research of individuals within a 

cultural experience to understand the experiences ‘essence’;  

• grounded theory aims to ‘generate or discover a theory’ based in the data 

generated from the individuals who share the same studied process or 

action; 

• ethnographic research concerns the study of shared culture (defined as 

twenty or more individuals);  

• case studies deal with the study of bounded systems or cases in order to 

generate an understanding of a specific issue (Creswell, 2007).   

The use of a case study approach affords the ability to explore in substantial 

depth the defined contemporary case in qualitative terms, allowing for the 

practical development and understanding of theory (Hammersley and Gomm, 

2000).  A case study approach was selected by this researcher for this doctoral 
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study due to these advantageous attributes, allowing the researcher to explore 

in depth the specific impact of feedback and DfSB theory within a specified 

case – the aim of this research (rather than being an approach to research as 

dictated by the aligned CCC project).  

There remain, however, several issues with regards to the use and application 

of case studies, chief amongst these being the claims of lack of rigour and 

issues relating to generalisation (Hammersley and Gomm, 2000, Yin, 2009).  

Lack of rigour concerning case study research is associated with the lack of 

thoroughness in data collection and analysis techniques, and therefore can be 

addressed through well-designed (and executed) research methods.  

Generalisation, in terms of how a single case study may be extrapolated for a 

wider context may be considered a moot point.  Yin (2009, P.15) states that 

“case studies...are generalizable to theoretical propositions and not to 

populations”, and that the key is “analytical generalization”, not “statistical 

generalization”.  Hammersley and Gomm (2000) present a slightly different 

argument, that the relevant issue is whether the findings of the research be 

transferred between cases based on ‘fit’, or how the research contributes to  

‘naturalistic generalizations’ (a gathering of case studies from which the 

researcher can ‘experience’ the phenomena (Stake, 2000)). 

In terms of this research enquiry, the specific issue/theory of interest is the 

integration of feedback intervention theory into UCD practice, implemented 

within the case and bounded system of domestic energy use and comfort, 

within social housing in Merthyr Tydfil.  With regard to case study design, it may 

be termed as a single embedded case study design, with multiple units of 

analysis (Yin, 2009).    

To give this case study a social as well as a geographical context, the county 

borough of Merthyr Tydfil is located in South Wales, with a population of 

approximately 56,000 (Office for National Statistics, 2012).  Although once a 

prosperous iron working town due to the abundance of local coal, fortunes have 

steadily been in decline, with the last iron foundry in the area closing in 1987 

(Merthyr Tydfil County Borough Council, 2008).  However, despite recent 

investment and redevelopment of areas of Merthyr Tydfil by the Welsh 
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Assembly Government (Merthyr Tydfil County Borough Council, 2008), at 

present, the rate of employment is at 13.4%, significantly higher than the UK 

rate of 8.1%.  Levels of education are also low with the percentage of those 

with no qualifications (20.1%) being significantly higher than the rest of the UK 

(10.6%) (Office for National Statistics, 2012).  The life expectancy of a male 

resident in Merthyr Tydfil is also the lowest in Wales at 74.6 years, again 

significantly lower than the UK male average of 77.9 years (Office for National 

Statistics, 2010). 

 

Figure  3-2 Maps Illustrating the Position of Merthyr Tydfil within the UK and the Areas that the 
Participating Households are Located 

The selection of data collection and analysis techniques within a case study is 

dependent on the research enquiry’s focus and the bounded system in which 

these foci are located.  As stated, the primary focus of this body of research is 

concerned with the implementation of a DfSB framework within a design 

process and as such, the data collection and analysis techniques selected are 

appropriate to this. 
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3.5 Data Collection Techniques 
In order to be able to address the research objectives and to understand this 

case study, data needs to be collected and subsequently analysed.  As Robson 

(2002, P.385) bluntly puts it, “no data – no project”.   

The purpose of this section is to provide an overview of the data collection 

techniques employed in the various phases of this research study.  Each 

technique is discussed, including a thorough description of its methodology with 

a comparison of its advantages and disadvantages when compared to other 

data collection techniques.  Each technique overview ends with a short 

summary of how that technique was put into practice during this body of 

research. 

The techniques used to gather data within this thesis are presented in 

Table  3-1 Data Collection Techniques, placing each method alongside the 

chapter in which its application is recorded in detail, as well as the research 

objective that it sought to address. 

Chapter Title Research Objective Data Collection Techniques 

Research Study: Control, 
Comfort and Energy in 
Context 

• To understand how 

inhabitants of social 

housing properties define 

and control comfort and 

its associated impact on 

their domestic energy 

consumption. 

• Semi-structured 

contextual interview 

• Semi-structured guided 

tour 

Design Intervention 
Evaluation 

• To evaluate the feedback 

intervention prototype, 

using assessment criteria 

developed from the 

literature review. 

• Semi-structured focus 

group interview 

• User trials with semi-

structured contextual 

interviews 

Table  3-1 Data Collection Techniques 

3.5.1 Data Collection Techniques for Control, Comfort and Energy in 
Context 

The initial research study forms the cornerstone of the research project, 

introducing the main subject for investigation, consequentially determining the 

direction and structure of the ensuing body of work.   
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The behaviour change approaches as outlined in the literature review of this 

thesis propose that the users’ knowledge as well as their personal, contextual 

and behavioural domains shape the users decision-making process and actions 

(Stern, 1999, Steg and Vlek, 2009).  Therefore, in order to fulfil the research 

objective of understanding how inhabitants of social housing properties define 

and control comfort and its associated impact on their domestic energy 

consumption, this section presents the two techniques of semi-structured 

contextual interviews and semi-structured guided tours.  Using these two 

techniques, the psychological as well as the physical aspects and 

repercussions of user decision-making and user action in this research context 

were investigated. 

3.5.1.1 Semi-Structured Contextual Interview and Semi-Structured 
Guided Tours – Pilot 

Prior to discussing the context study techniques, it is worth briefly discussing 

the pilot study performed, and its impact.  The use of a pilot study helps the 

researcher to identify any potential flaws in the design of the ensuing main 

study and in addition, provides the researcher will valuable experience in the 

use of relevant research techniques (Robson, 2002, Drury, 2005).  The aim of 

this pilot research study was to investigate how selected participants would 

respond to the two data collection techniques employed, contextual interviews 

and guided tours, and to develop these techniques in preparation for the main 

study.   

For this pilot study, two UK homes were selected; one with a single adult 

female with gas central heating in a bungalow, and the second with an adult 

couple with gas central heating in a semi-detached terraced house.  The 

participants selected were known previously to the investigating researcher, 

which may have presented a disproportionate favourability in participant 

response.  Although this may have produced a greater willingness for the 

participant to engage in the tasks and questions presented, this, however, does 

not necessarily correlate to a better understanding of the tasks and questions 

asked of/to them.  Therefore, the questions and their implementation, as well as 

the technical aspects under investigation remained unbiased.   
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The following table, Table  3-2, briefly illustrates the changes made to the pilot 

study: 

Semi-structured contextual interview Semi-structured guided tour 

Changes to Structure and Format:  

• Protocol reshaped into three parts; 

information for the participant, the 

interview, and closing statements 

• Changed to emphasise the most 

and least comfortable spaces 

• Formatting of protocol sheet for 

ease of note taking 

Changes to Questions: 

• Questions added to understand the built 

environment and temporal changes, and 

to determine the participants definition of 

comfort 

• Questions added to record building 

type, home layout, and research 

conditions (time, date, weather, 

those present) 

Changes to Management: 

• Secure data handling practices established, including participant coding for anonymity 

Table  3-2 Changes Made to the Pilot Study 

The resulting main study interview and guided tour techniques are described in 

detail in the following sections. 

3.5.1.2 Semi-Structured Contextual Interview 
Interviews are a method of rich data collection that can gather information that 

otherwise may not be collected through observation alone, questionnaires or 

other non-contact qualitative techniques.  Through the interview format the 

researcher can not only present questions and receive the interviewee’s 

verbalised views back, but they can also participate in a dynamic, two-way 

dialogue thus allowing the researcher to expand upon an issue, to modify or 

follow up on specific lines of enquiry and take action to avoid non-responses 

(Robson, 2002, Lilley, 2009a).  Despite the apparent disadvantages of 

interviewing, such as lengthy preparation, travel and potential transcribing time 

(Robson, 2002), an interview can also provide the researcher with 

observational data which can work in one of two ways.  Observational data can 

provide non-verbal indications which can alter an answers meaning significantly 

(Robson, 2002).  Furthermore, if the interview is conducted within the 

environment or context which is the subject of the research (termed a 
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contextual interview (Stickdorn and Schneider, 2010)), it can provide 

observational prompts.  These prompts can work in two directions, both to the 

interviewer as a form of data from which to further extract insights, and more 

importantly can provide comfort and familiarity to the interviewee as well as 

being contextual memory prompts (Stickdorn and Schneider, 2010). 

The structure of the interview can range from highly or fully structured with a 

predetermined set of questions to ask in a predetermined order, through to 

open free ranging or unstructured interviews whereby the interview is entirely 

without predetermined formality, and the interview develops around a general 

area of research interest (Robson, 2002, McClelland and Suri, 2005).  A third, 

hybrid semi-structured format exists in which questions are to an extent 

predetermined but the order and exact content and delivery is subject to the 

interviewers judgement based primarily upon the interviewee’s responses to the 

preceding questions (Robson, 2002).  The advantage of semi-structured 

interviewing is that it provides flexibility as discussed and can be used when the 

interviewer has a general understanding of a specific research area, but is 

unsure as to the interviewees specific response (Maguire, 2001, Robson, 

2002). 

The opening interview carried out as part of this research study was a semi-

structured contextual interview.  This maximised, through contextual prompts 

and dynamic two-way dialogue, data gathered concerning the physical and 

psychological aspects of the user and their context in relation to control, 

comfort and energy. 

In brief, these interviews were carried out by two researchers, one designated 

‘lead’ who asked the questions and formed the discussions with the 

participants, and one recording the interview with copious note taking of both 

verbal and non-verbal information, supplemented by dictaphone.  A non-rigid 

interview protocol was produced for the research study, split into three sections; 

information for the participant, the interview itself, and closing statements.  The 

aim of the first section was to introduce the researchers, the project, and the 

projects aim to the participants.  This section was used to fill in any missing 

data on the participant (such as heating system type).  The second section, the 
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interview, questioned how the participant defines and controls comfort and their 

built environment, as well as priming the participant for the guided tour.  Both of 

these sections were primarily concerned with building rapport and trust, 

allowing the participants to feel secure with the interviewers in their homes for 

the proceeding guided tour, and to further the sharing of personal information 

and anecdotes.  The third section concluded the interview, and informed the 

participants of the guided tour to follow.  The interview guide can be found in 

Appendix A. Main Study Interview Guide. 

Chapter  3 details the results of this technique.   

3.5.1.3 Semi-Structured Guided Tours 
A guided tour is an observational method that involves a participant giving a 

narrated tour of a research relevant environment to a researcher.  The 

participant explains and reflects upon artefacts, actions and experiences within 

this environment whilst the researcher attempts to capture with audio-visual 

methods the phenomenological results and interpretations of these interactions 

(IDEO, 2003, McClelland and Suri, 2005, Pink, 2007, Lilley, 2009a).  Such data 

recording methods may involve the use of a dictaphone or note taking, but in 

order to further the capture of multi-sensory experiences and aspects 

associated with the research, may also involve the use of photography or video 

cameras (Pink, 2007, Pink, 2010). 

Guided tours can also provide similar comfort and contextual memory prompts 

in much the same way as contextual interviews, allowing participants to recall 

their actions and motivations whilst providing the interviewer with further 

information from which to formulate questions and understanding (IDEO, 1999, 

IDEO, 2003, Lilley, 2009a).  The sharing of experiences and actions within the 

context may also lead to a heightened empathic understanding of the 

participant and their motivations (Pink, 2007). 

Guided tours suffer similar disadvantages as contextual interviews, as far as 

the time they take to prepare, to travel to the study site and to transcribe and 

interpret the data (Lilley, 2009a).  Furthermore, whilst one of the main 

advantages of this method is that is captures and defines a temporal moment 

between a participant and researcher in an environment to great detail (Pink, 
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2007), it can therefore not be representative of a wider group, location or time 

frame (Lilley, 2009a).  Overall, however, the advantages afforded by the 

contextual memory prompts as well as the heightened level of empathic 

understanding between the researcher and the participant, outweighs the 

disadvantages.  In addition, the photographic and/or videos recorded in tandem 

with the guide itself provides additional realistic contextual texture in the form of 

design reference material for use throughout the proceeding design stages 

(McClelland and Suri, 2005).  Pictorial descriptions and approximate schematic 

layouts for each household, for example Figure  3-3, can be found in a larger 

format in the appendix, Appendix E. Main Study Guided Tour Reference 

Sheets, with photos taken during the guided tour for each property. 

 

Figure  3-3 Guided Tour Reference Sheet for CA01 Ground Floor 
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The structure of the guided tour was similar to the contextual interviews, again 

using a semi-structured format and a non-rigid interview protocol with dual 

researchers.  The protocol was split into three sections; before the tour, the 

tour, and closing statements.  The tour element of the protocol followed leads 

provided by the participant during the preceding contextual interview, with the 

lead researcher prompting participants on devices, spaces and household 

objects that the participant identified as being relevant to their consumption, 

comfort and energy.  Ultimately, the guided tour primarily followed the 

participant’s direction and prompts were only used to maintain a flow of 

discussion.  The guided tour guide can be found in Appendix B. Main Study 

Guided Tour Guide. 

This main study was undertaken in the town of Merthyr Tydfil during spring 

2010.  In response to the practicalities of fieldwork and the availability of the 

participants, the investigation was split over the course of two visits to the area 

by the researchers (this doctoral researcher and a CCC project partner from 

KCL), with four households visited during March, and three further households 

visited during April, to provide a total dataset of seven households (the sample 

is discussed further in section  3.7). 

Each interview lasted for approximately an hour, followed by the guided tour of 

the same approximate length, conducted over the course of two visits (although 

for participants CA04 and CA07, the interview and guided tour were conducted 

back-to-back, due to participant availability).  All household members were 

present for the interview in homes CA01, CA03, CA05 and CA07 with 

households CA02, CA04 and CA06 being attended only by the main 

participant.  For the guided tours, only the main participant was present for all 

homes concerned.   

Chapter  4 discusses the results of this process. 

3.5.2 Data Collection Techniques for Design Intervention Evaluation 
The data collection techniques presented here sought to address the fourth 

research objective, to evaluate the feedback intervention prototype, using 

criteria developed from the literature review. 
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Three questions emerge when evaluating a DfSB strategy led intervention: Did 

the produced design solution function for the specified context?  Has the user’s 

behaviour changed as a consequence of the design intervention?  Is the 

change in user’s behaviour sustainable?  (These research questions are 

discussed further in section  6.2).  The data collection techniques of semi-

structured focus group interviews and user trials with semi-structured 

contextual interviews were employed to consider the above three questions, 

providing a methodological basis for evaluation as stated by this research 

objective. 

3.5.2.1 Semi-Structured Focus Group Interview 
A focus group is an open ended, dynamic interview that takes place between a 

group of participants and a researcher in order to discuss a specific list of 

topics; a focus (Maguire, 2001, Bruseberg and McDonagh-Philp, 2002, Robson, 

2002, Lofthouse and Lilley, 2006).  The key benefit of focus groups over 

individual interviews is the groups’ interaction with one another.  Within a focus 

group, discussions and interactions can take place between participants, giving 

each other prompts and responding as well as providing a more congenial 

audience for discussion than the lone participant and researcher interview 

format (Macnaghten and Myers, 2010).  The disadvantage over the lone 

interviewee format is primarily one of control.  Once discussions and debates 

begin to take shape, personalities and certain topics may start to dominate or 

bias the discussion, losing focus (Robson, 2002, McClelland and Suri, 2005). 

With good moderation, this can be avoided or at least reduced. 

In the context of this research study, the focus was on a specific list of user 

and/or design criteria focused around a design intervention prototype.  As 

stated by Nielsen (1997, P.94-95), with respect to interactive systems 

development, “the proper role of focus groups is not to assess interaction styles 

or design usability, but to discover what users want from the system”.  Focus 

groups are for exploratory purposes, uncovering opinions, experiences and 

motivations rather than validating or quantifying design characteristics 

(Bruseberg and McDonagh-Philp, 2002).  Therefore, as an evaluation 

technique used early within a design process, focus groups can provide 

feedback as to the users thoughts and opinions on what they actually want and 
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their subjective opinion on their physical and cognitive interpretation of the 

design (Nielsen, 1997, Bruseberg and McDonagh-Philp, 2002, McClelland and 

Suri, 2005).  The researcher can investigate whether their interpretation of the 

specified context and the users’ behaviour is actually as they understood it to 

be, and begin to build a better understanding of the potential interactions 

between a user and the design which can be further fed into the design 

process.   

In brief, two focus groups were run (a pilot and a main study) in two locations; 

Loughborough and Manchester. Both consisted of questions centred on two 

videos and a physical prototype, using a similar dual researcher format as the 

earlier contextual interviews, with a semi-structured interview protocol (based 

primarily on the structure outlined by Krueger and Casey (2009), Appendix Q.  

Focus Group, Facilitator’s Guide).  The Loughborough focus group pilot was 

held in October 2011, at Loughborough Library, Figure  3-4, neutral territory, in 

others words, not an academic research venue which may inhibit discussion or 

intimidate participants.  The Manchester focus group interview was held in 

October 2011, at the Old Trafford Community Centre in Manchester, 

Figure  3-5.  As with the focus group pilot, this venue was neutral territory, with 

the local community centre being a venue that all the participants would have 

been familiar with and which did not carry academic overtones.  The focus 

groups were recorded using dictaphones, note taking and a video camera. 
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Figure  3-4 Loughborough Focus Group Interview, with Prototype 

 

Figure  3-5 Manchester Focus Group Interview 
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The first of the two videos shown and narrated to the participants depicted a 

typical scenario of occupant behaviour captured within the contextual interview 

and guided tour data previously studied.  In this first scenario, the storyboard of 

which can be found in Appendix R.  Focus Group, Scenario Video Storyboard, 

the individual within their living room experiences thermal and air quality 

discomfort and seeks to address this.  The individual becomes cold and 

physically touches the radiator to determine the heating systems status.  

Deciding that the heating system is not active, the individual turns the 

thermostat up and then monitors the change in radiator temperature over time 

through physical contact with the radiator, until the radiator becomes too hot to 

touch.  After a long period the individual experiences air quality discomfort and 

decides to open a window to air out the room, forgetting that the heating system 

is active.  The window is then left open and the energy waste conflict between 

window and heating system is never considered.  The purpose of the video was 

to introduce to the participant the research study in a relatable and tangible 

way, as well as to focus discussion towards the required topics and issues 

(McClelland and Suri, 2005).   

Storyboarded in Appendix S.  Focus Group, Intervention Video Storyboard, 

Figure  3-6, the second video introduced the intervention into the established 

context and played through an expected typical use scenario.  Repeating the 

same scenario as before, the individual becomes thermally uncomfortable and 

following being informed by the intervention as to the heating systems off 

status, turns the thermostat up.  The effect of this action is then monitored over 

time by the individual observing the intervention.  Again, after a long period the 

individual decides to air out the room due to unacceptable air quality 

parameters and so opens a window.  This time, the intervention informs the 

individual as to the conflict between window and heating system use and 

appropriate action is taken. 
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Figure  3-6 Capture from the Intervention Video 

Finally, the physical prototype was introduced to the participants to capture and 

provoke any further reactions to features that may not have been possible 

through the video format (McClelland and Suri, 2005).  The question route or 

sequence used within the interview protocol consisted of five parts:  

• the opening questions to get all the participants talking;  

• the introductory questions to introduce the subject for discussion;  

• the transition questions to link the opening and introductory discussions to 

the key questions;  

• the key questions to drive the discussion towards that which the focus group 

has been created to discuss;  

• and finally the ending questions to bring an end to the discussion (Krueger 

and Casey, 2009). 

It is worth noting that aside from minor changes made to the information sheet 

(Appendix T.  Focus Group, Information Sheet) and questionnaire (Appendix U.  

Focus Group, Questionnaire) for the main focus group interview, there were no 
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changes made to the facilitators guide or to the two video storyboards.  The 

results of this pilot focus group interview have been incorporated into the 

findings of the main focus group interview, discussed in detail in Chapter  6. 

3.5.2.2 User Trials with Semi-Structured Contextual Interviews 
Evaluation methodologies fall into two categories of purpose; formative or 

summative.  Formative evaluation is used to generate information that can be 

fed back into the research process, such as with the focus group method 

previously described.  Summative evaluation on the other hand focuses on the 

effect that the research has upon the user (Maguire, 2001, Robson, 2002).  A 

user trial, also known as user-based testing (British Standards Institution, 2010) 

or controlled user testing (Maguire, 2001), involves taking a representation or 

embodiment of one or all aspects of a research study outcome and allowing a 

participant to interact with it within an experimental control or real world 

environment.  The purpose of such a trial is to explore physical and cognitive 

impact, measure performance and to investigate contextual factors (Maguire, 

2001, McClelland and Suri, 2005, Lilley, 2009a, British Standards Institution, 

2010).  As an approach used early in the research process it can be used to 

develop understanding and application within the research study context, a 

form of process assessment (formative); user trials can also be used to assess 

and understand the impact of the research, the researches outcomes 

(summative) (Robson, 2002).   

The purpose of this evaluation was to measure the performance of the research 

outcome (does the design function within requirements and to what extent has 

the users behaviour changed towards sustainable ends?) and to provide 

feedback into the research process (why have the user and design 

requirements not been met, and are there any new insights from the trials so to 

improve our understanding of the user and design requirements?).   

The data from the user trials was gathered through semi-structured contextual 

interviews, an approach that generates a tremendous amount of qualitative 

data as previously discussed, as well as being a technique that the participants 

were comfortable and familiar with.  Similar in style to the interviews conducted 

to understand the initial requirements of the user and context, the aim of these 
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interviews were to provide a comparative evaluation between a pre-intervention 

baseline state and a post-intervention state.   

In brief, information sheets (Appendix W.  User Trial, Information Sheet, 

Appendix X.  User Trial, Prototype Information Sheet) and consent forms 

(Appendix Y.  User Trial, Consent Form, Appendix Z.  User Trial, Prototype 

Consent Form) were provided to the participants prior to the installation of the 

prototypes.  A pre-intervention qualitative baseline was established using a 

semi-structured contextual interview (Appendix AA.  User Trial, Facilitator’s 

Guide), which was proceeded by the installation of the intervention prototypes 

(Appendix AB.  User Trial, Installation Guide).  The pre-intervention questions 

focused on updating and re-establishing a baseline of our understanding of the 

participants’ knowledge and normative structures, as well as the context in 

which they operate.   

The intervention prototypes were installed into the living room of CA02, 

Figure  3-7, and into the kitchen of CA05, Figure  3-8, in December 2011.  These 

locations were chosen for installation as they were self-designated by the 

participants as their most comfortable space in the context study 

(section  4.2.2.1).   
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Figure  3-7 CA02 Living Room with Prototype 

 

Figure  3-8 CA05 Kitchen with Prototype 
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The post-intervention questions were split into: understanding if there had been 

any change in the participants experience of comfort and how they attain it (has 

the users behaviour changed as a consequence of the intervention and is this 

change in behaviour sustainable?); and secondly, questions relating to the 

product itself (did the produced design solution function for the specified 

context?).  A third and final section concluded the project with them and 

presented a re-cap of our pre-installation findings to them. 

The duration of the user trial used in this study was four months, uninstalled in 

April 2012. It was envisaged that this timeframe would provide a compromise 

between the research study duration and the allowing of any change in habitual 

behaviour to take shape. The appropriateness of this timeframe is borne out by 

Lally et al. (2009), who found, in their study on habit development, that 

automaticity, a key component of habitual behaviour, plateaued on average in 

sixty six days, although the spread was in the order of eighteen to two hundred 

and fifty four days.  Following removal, both CA02 and CA05 participated in a 

final semi-structured contextual interview (Appendix AC.  User Trial, Extraction 

Guide), in order to provide a qualitative comparison to the pre-installation 

baseline and the context research study. 

Please refer to Chapter  6 for the results of the user trials and focus group 

interviews. 

3.6 Data Analysis Techniques 
This section illustrates the techniques that were employed in the analysis of the 

data generated through the collection techniques in relation to their relevant 

research objective.  This description includes; what the analysis techniques 

were, their relevant advantages and disadvantages and comparison to other 

techniques, as well as a brief summary of how they were conducted within this 

research study.   

Creswell (2007) states that there are six stages to data analysis and 

representation within a case study approach.  These are; the management of 

data; the reading through and memoing of the data; the describing of the case 

and its context; the classification of codes and themes within context; the 
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interpreting of codes and themes within context; and finally, the representing or 

visualising of the case in detail.  With emphasis upon the classification and 

interpreting of data, key aspects of the data analysis are discussed.  

The data analysis techniques applied within this thesis are presented in relation 

to their research objective and the chapter in which their application resides, 

illustrated in Table  3-3 Data Analysis Techniques.  Whilst this chapter 

discusses the purpose of the techniques and the rationale for their selection, 

please refer to specific chapters for their detailed use within this research study.  

Chapter Title Research Objective Data Analysis Techniques 

Research Study: Control, 
Comfort and Energy in 
Context 

• To understand how 

inhabitants of social 

housing properties define 

and control comfort and 

its associated impact on 

their domestic energy 

consumption. 

• Thematic analysis 

Design Intervention 
Evaluation 

• To evaluate the feedback 

intervention prototype, 

using assessment criteria 

developed from the 

literature review. 

Table  3-3 Data Analysis Techniques 

3.6.1 Data Analysis Techniques for Control, Comfort and Energy in 
Context and Design Intervention Evaluation 

Information gathered through the data collection techniques of semi-structured 

contextual interviews, semi-structured guided tours and later through semi-

structured focus groups and user trials with semi-structured contextual 

interviews needs to be classified and interpreted (Creswell, 2007).  Through 

these analytical processes, the structure and consequences of user behaviour 

and action within this research context and the impact of the feedback 

intervention are understood. 

As such, this section presents the data analysis technique of thematic analysis, 

a technique intended to develop a detailed description and understanding of 

the research case study. 
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3.6.1.1 Thematic Analysis 
Thematic analysis is a data analysis technique for “identifying, analysing and 

reporting...themes...within data [which] minimally organizes and describes your 

data set in (rich) detail” (Braun and Clarke, 2006, P.79).  Thematic analysis is a 

type of template approach to data analysis.  Codes (and themes) are 

determined by the researcher, which forms the template for the analysis of the 

data (Robson, 2002), with supporting text or protocol extracts to provide 

evidence and texture to the case description and interpretation.  The use of 

thematic analysis within the context of this research project is, therefore, to 

identify and analyse themes relevant to describe the case and bounded system 

of domestic energy use and comfort within social housing in Merthyr Tydfil.  

Codes are shorthand descriptions of key categories based on sections of data, 

which are determined in one of two ways, either inductively (data driven coding 

without a pre-defined coding frame) or theoretically (the use of priori or 

prefigured codes from a predefined theoretical stand point or interest) (Robson, 

2002, Braun and Clarke, 2006, Creswell, 2007).  Themes are broad level 

combinations of codes, which form the start of the analysing process and may 

be either semantic (interpretation by the researcher on an explicit level, not 

attempting to understand underlying ideas and assumptions that may form the 

data) or latent (a theoretical examination of the underlying structure of the 

semantic level) (Braun and Clarke, 2006).  A thematic map helps to understand 

and refine the relationship between multilevel themes and codes, by visually 

representing the themes and their connecting threads (Braun and Clarke, 

2006).  With themes identified and clearly defined, naturalistic generalizations 

and direct interpretations are made in relation to the research objectives, 

supported with data extracts that tell the story (Robson, 2002, Braun and 

Clarke, 2006). 

It is worth noting that codes and themes do not emerge or are discovered, as 

this suggests the process to be passive and does not account for the 

researchers theoretical or philosophical standpoints, also, code and theme 

generation is not determined by code counting or quantifying alone, rather it is 

the prevalence and keyness of an issue in relation to the research study (Braun 

and Clarke, 2006, Creswell, 2007).   
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The disadvantage of thematic analysis compared to conversation analysis and 

discourse analysis is twofold.  First, within conversation analysis and discourse 

analysis the emphasis is on the structural organization of talk (speech patterns 

and use of language) and its sequential ordering (sequence of verbal action 

based on contextual events); the psychological why and reality of language as 

opposed to just the what of thematic analysis (Silverman, 2001, Braun and 

Clarke, 2006). Second, thematic analysis does not retain a sense of the 

individual participant, by drawing out themes across data sets.  Compounded 

without the sequential ordering, individual contradictions or self-references may 

not be analysed (Silverman, 2001, Braun and Clarke, 2006).  The advantage of 

using thematic analysis over these two approaches, however, outweigh the 

disadvantages.  As a method, it is quicker to apply and better suited to the 

researcher as an active tool working with participants.  Furthermore, it can offer 

a  rich and thick description of a large amount of data and is in a format that 

makes it easier to compare and contrast data across sets (Braun and Clarke, 

2006). 

Within the control, comfort and energy in context study, the data sets were split 

between two researchers for initial analysis; this researcher and a social 

science researcher from KCL (please refer back to  1.2 Project Context for 

further details of this relationship).  Taking an inductive approach to the data, 

each researcher independently determined and classified semantic codes in 

relation to the research objective.  The data sets were then swapped and the 

process repeated.  The two researchers then discussed and compiled the 

codes and worked towards the defining of thematic groups.  A thematic map 

was produced to help the refining of thematic groupings.  The themes were 

then further analysed and interpreted in relation to the research objective; the 

process and analysis of which is described in detail within Chapter  3.  For the 

design intervention evaluation study (detailed in Chapter  6) a similar process 

was followed, with the only change being that the analysis was conducted by 

this single researcher. 
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3.7 Sampling Strategy 
Sampling, in short, is a selection of individuals from within a group or the 

population in order to form an understanding of the research problem and 

phenomena at study (Robson, 2002, Creswell, 2007, Barbour, 2007).  There is 

not one type of sampling strategy that can be applied to all qualitative research 

inquiries, but rather there are several on the table (indeed, Creswell’s (2007) 

investigation demonstrates a typology of sixteen different, non-probability, 

sampling strategies for use in qualitative study) to be selected from.  The 

selection of a sampling strategy is but one part of the multifarious decisions 

made by the researcher in order to determine how they want to understand 

their study. Further considerations include: what or who forms the group or 

population from which to sample, what is to be the size of sample they wish to 

study, and furthermore, will this sample by able to provide the data and insights 

required in line with the research approach taken(Creswell, 2007). 

The issue of sampling within the context of this research study is primarily split 

between two phases of investigation, the initial research study and the design 

intervention evaluation.  The research study was formed of a single sample 

group, and the latter evaluation phase was comprised of three sample groups 

as detailed below. 

The selection of case study participants was managed by the Welsh School of 

Architecture at Cardiff University as part of the CCC project.  Whilst the 

selection of the sample was not under the management of this research study, 

it is worth discussing the sampling strategy applied as its effects were of 

concern to this research.  The selection of a sample (or case) for a case study 

is not a question of being able to form generalizations of typicality and 

representativeness or other forms of statistical extrapolation. Case study 

sample selection is a question of being able to answer the research objectives 

and properly describe the bounded system of interest (which contributes to 

naturalistic generalizations or is comparable to other research based on fit) 

(Hammersley and Gomm, 2000, Yin, 2009).  The type of sampling employed by 

Cardiff University was a form of homogeneous, purposive sampling (Robson, 

2002, Creswell, 2007), where the focus of the sampling strategy was to 

purposely select social housing tenants within the Merthyr Tydfil region of 
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Wales, through the Merthyr Tydfil Housing Authority [MTHA].  As the number 

and composition of the sample was irrelevant in terms of statistical 

generalization, the composition and size of the sample was primarily 

determined though the limitations of the project and the requirements of 

analysis (in order to understand how inhabitants of these social housing 

properties define and control comfort and its associated impact on their 

domestic energy consumption, a smaller sample would allow for a richer and 

deeper description and breadth of analysis).  Project limitations included the 

three-year project duration, project funding, monitoring technology and number 

of researchers available.  Seven households were selected for this part of the 

study, distributed across three areas within the county of Merthyr Tydfil with 

three households distributed across the suburbs of Merthyr Tydfil (CA01, CA03 

and CA05), three located in Treharris (CA02, CA04 and CA07), and a further 

household located between these two regions, in Merthyr Vale (CA06), 

Figure  3-2.  Within the dataset, there were several dimensions of variability 

between the coded participants, such as household composition, the built form 

and age of the property, as well as variations in terms of heating system and 

meter or tariff type, as shown in Table  3-4.   
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Table  3-4 Summary of the Seven Participating Households 
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The same case study sample was used throughout the project for interviewing 

purposes as described elsewhere. However, in order to provide a detailed 

evaluation of the design interventions during the evaluation phase of the 

research, a smaller sample group, derived from the original sample (in order to 

compare the pre-intervention and post-intervention data in detail) was required 

for user trials.  The Project Context (section  1.2) also had an influence on the 

sample size, as the number of participants available from the original sample 

had to be distributed amongst the other prototypes generated by Loughborough 

University through the CCC project (discussed further in section  8.5).  The 

strategy for sample selection in this case was criterion, purposive sampling 

(Robson, 2002, Creswell, 2007), as each of the two households were purposely 

selected for a prototype based on their recorded motives, knowledge and 

actions, which are described in further detail in Chapters  3.  The two participant 

households that formed the cohort for the context research study and the 

intervention evaluation phase were; CA02 and CA05, (Table  3-5).  CA02 and 

CA05 were selected as in the context study they both exhibited frequent use of 

windows for the control and circulation of fresh air and controlled the heating on 

an ad hoc basis, often leading to energy conflicts with their window actions or to 

a comfort conflict with other tenants.  For a list of the five CCC design 

interventions and their assignment to each household (as part of the larger 

research project), please refer to Appendix V.  User Trial, Sampling Strategy. 
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Table  3-5 Summary of Information for the two user trials 

For the two focus groups, the sampling strategy and size were different to the 

main case study sample.  The aim of a focus group, in a similar way to the case 

study, was to provide an understanding of the problem and phenomena that is 

the focus of the research study.  Again, the aim was not to provide a statistical 

representation, rather to determine the range of the issues, and provide insights 

concerning the research of interest (Krueger and Casey, 2009, Macnaghten 

and Myers, 2010).  A form of snowball, purposive sampling (Robson, 2002, 

Creswell, 2007) was used to recruit the participants to the focus groups.  This 

was achieved by approaching known gatekeepers who had knowledge and 

access to the groups of individuals of research interest, which were not 

available through other methods, and providing them with broad recruitment 
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criteria (i.e. social housing tenants only).  In the Loughborough focus group, the 

gatekeeper was one of the local social housing tenants highly active in his 

community.  Recruitment for the Loughborough pilot focus group interview was 

initiated through a flyer campaign.  Five hundred invitation flyers (Appendix M.  

Focus Group Pilot, Invitation Flyer) were distributed to socially housed tenants 

within Loughborough following which contact was made with FG01 who 

provided details of a local community association meeting in which he was 

actively involved.  Information packs consisting of an information sheet 

(Appendix N.  Focus Group Pilot, Information Sheet), consent form (Appendix 

O.  Focus Group, Consent Form) and questionnaire (Appendix P.  Focus Group 

Pilot, Questionnaire) were distributed at this meeting following a brief 

presentation on the project.  The questionnaire was devised to capture specific 

information such as heating system type to form basic comparisons to the 

Merthyr Tydfil participants.   

In the Manchester focus group, the gatekeeper was the community centre 

liaison to local social housing tenants, Harvest Housing Group’s 

Neighbourhood Regeneration Officer Kate Eastwood.  The tenants and the 

properties of Harvest Housing Group constitute a form of social housing (i.e. 

low rent properties provided to those with a housing need by a governmental or 

not-for-profit organisation (Department for Communities and Local Government, 

2011)), therefore the tenants are comparable to some degree to the 

participants under study in Merthyr Tydfil.  Miss Eastwood contacted several 

tenants in the Manchester region of the UK, providing each with the information 

contained within the Information Sheet (Appendix T.  Focus Group, Information 

Sheet).   

The Loughborough focus group was conducted with four social housing tenants 

(including the original gatekeeper), with the Manchester focus group being held 

with six social housing tenants (excluding the original gatekeeper).  Whilst it 

may be traditionally argued that the sample size for a focus group should be 

between ten to twelve participants (a marketing research perspective), in reality 

smaller focus groups of four or six tend to be easier to facilitate and are 

generally more comfortable for the participants (Krueger and Casey, 2009).  

The negative side of having smaller focus groups is that you may have a 
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smaller range of experiences from which to generate insights, rather than any 

irrelevant statistical generalization issue (Krueger and Casey, 2009).  Both of 

these focus groups are discussed in detail in section  6.3.  Participants 

designated as FG01 - FG10 pertain to these focus group interview studies 

(Table  3-6). 
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Table  3-6 Summary of Information for the Focus Group Interview Participants 
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3.8 Validity of Research 
Unsurprisingly, literature defining validity in qualitative inquiry terms does not 

give a unified standpoint, with as many variations in perspectives and 

terminology as there are qualitative research approaches and techniques 

(Creswell (2007) this time points to eight different studies with differing 

perspectives and terms).  One perspective is to use a set of four evaluation 

terms such as internal validity, external validity, reliability and objectivity, or to 

use a similar perspective that renames these terms with language that is more 

from a qualitative tradition; credibility, transferability, dependability and 

confirmability (Robson, 2002, Creswell, 2007).  These terms, however, revolve 

around the viewpoint that qualitative research needs to have parallels to 

quantitative research, and follow the same rigid definitions of scientific rigour. 

The perspective of validity taken in this body of work echoes that as stated by 

Creswell (2007, P.249-250): 

• “...“validation” in qualitative research is an attempt to assess the 

“accuracy” of the findings, as best described by the researcher and the 

participants.  

• ...validation is a distinct strength of qualitative research in that the 

account made through extensive time spent in the field, the detailed thick 

description, and the closeness of the researcher to participants in the 

study all add to the value or accuracy of a study. 

• ...the term “validation” emphasizes a process, rather than “verification” 

(which has quantitative overtones)... 

• ...researchers should employ accepted strategies to document the 

“accuracy” of their studies.” 

Methods to document this accuracy of research, also known as validation 

strategies (Creswell, 2007), were applied throughout this research study, and 

are briefly described below. 

The duration of the research study allowed the researcher to visit the Merthyr 

Tydfil site five times over two years, providing prolonged engagement or 

involvement with the participants in context.  Although contact from this 

researcher was not on a daily basis, the advantage of such prolonged exposure 
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between the researcher and the participant is that of building trust, as well 

providing opportunity to further understand the culture.  This and the on-going 

interviews also allowed for member checking, presenting the insights from the 

preceding guided tour and interviews to the participant in order for their 

reflection on its accuracy (Robson, 2002, Creswell, 2007).   

Triangulation involves the use of multiple methods, researchers and theories in 

order to substantiate and confirm findings (or to discover inconsistencies).  

Data triangulation, which involves the use of multiple data collection techniques 

was employed during the initial research study.  Data was triangulated through 

the guided tour by using the observational information and combining it with 

parallel contextual interviewing in order to triangulate the participants’ 

definitions and descriptions as analysed from the earlier, initial contextual 

interviewing stage.  Observer triangulation concerns the use of multiple 

observers or researchers during the collection and analysis of data, and was 

enacted throughout the research study, from the initial contextual interviews 

and guided tours, through to the user trial installation and interviews, and focus 

groups (although the Manchester focus group was carried out by a single 

researcher).  This primarily involved this researcher working alongside another 

researcher from Loughborough University, or in conjunction with another 

researcher from the CCC project (KCL) (Robson, 2002, Creswell, 2007). 

Peer review or debriefing involves the use of research peers to question the 

work of the researcher, including methods and interpretations, in order to 

reduce researcher bias.  Such groups can also provide support, and a 

sympathetic ear.  This function was provided through supervision and bi-weekly 

meetings at Loughborough University [Lilley and Bhamra providing supervision 

over PhD studies, with Bhamra and Haines providing supervision over the 

research project], as well as further peer review and support provided through 

quarterly CCC project meetings (Robson, 2002, Creswell, 2007). 

The final two validation strategies applied throughout this research study, 

involved the use of rich and thick descriptions (Creswell, 2007), and a fully 

accountable audit trail (Robson, 2002).  By ensuring that all records of the 

research methodology (including rationale for selection) and context are 
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complete and transparent, as well as the insights and findings recorded in rich 

and thick description, this has allowed those external to the research to be able 

to assess for themselves whether the methodology presented is appropriate 

and supports the insights and findings presented.  This also allows the external 

party to understand how the research contributes to naturalistic generalizations 

and is comparable to other research based on appropriate fit. 

3.9 Research Ethics 
The aim of this short section is to provide a summary of the ethical procedures 

executed within this research study.  Ethics as a part of DfSB and the design 

process are discussed in detail in section  2.7. 

To provide ethical integrity to the research, several documents and checkpoints 

were instated at a managerial level for the project and researchers at 

Loughborough University to abide by.  These documents include an Ethical 

Clearance Checklist as provided by the Ethical Advisory Committee at 

Loughborough University to assess the overarching ethics of the project; a 

project risk assessment to determine potential hazards during research; as well 

as an Ethical Protocol in relation to the security of research participant’s 

personal information and data storage. Requirements included within this 

protocol are; the provision of information sheets and the requirement of signed 

consent by all participants, the guarantee of participant anonymity, the detailed 

recording of any ‘incentives’ given, as well as matters relating to the safe 

storage of data and the limiting of data access. 

Furthermore, all researchers had an Enhanced Disclosure check by the 

Criminal Records Bureau [CRB] due to the potential of dealing with vulnerable 

participants.  Additionally, all researchers carried visible personal and 

institutional identification when in the field of study. 
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4 Understanding Control, Comfort and Energy in Context 

4.1 Introduction 
It has been established 

through an extensive 

review of the literature, 

captured within Chapter  2, 

that the factors that drive 

and shape individuals 

consumptive actions are 

linked intrinsically to the 

complex combination of 

both behavioural cognitive 

processes and the 

facilitating conditions in 

which the individual 

uniquely operates.  In order to design and understand the efficacy of a 

feedback intervention that seeks to reduce domestic energy consumption, it is 

imperative, therefore, that both the individual and the operating context are 

investigated and understood, thereby completing the second objective of this 

doctoral research: 

To understand how inhabitants of social housing properties define and 

control comfort and its associated impact on their domestic energy 

consumption. 

This chapter presents the findings of this investigation, with discussions 

positioned in relation to relevant conclusions drawn from the literature review 

(Chapter  2). 

4.2 Main Study Findings 
Themes drawn by the researchers from the data collected through the 

interviews and guided tours centred on the main theme of comfort ,as depicted 
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in the thematic map produced, Appendix F. Main Study Thematic Map, and can 

be disaggregated into the following (along with sub groups): 

• Type (thermal, safety, aesthetic, activity based, light, aural, physical, 

freshness) 

• Place (micro/meso/macro placement) 

• Social (people, community, negotiation/conflicts) 

• Regulation (knowledge, controls, money, meter) 

The findings presented below are an abridged version of the 25,000 word 

thematic analysis report produced for the CCC project by the investigating 

researchers, with this section focussing only on the themes relevant to this 

doctoral research (Hinton and Wilson, 2010). 

4.2.1 Type 
This first section concerns how participants understand and define comfort in 

their homes.  Comfort was described in relation to multiple dimensions 

including thermal (in relation to the built environment, physical artefacts and 

systems), light (artificial and natural), aural, physical (pleasure/relaxation and 

health) and concerns for freshness.  

4.2.1.1 Thermal 
Thermal comfort is regulated through the occupants’ use and knowledge of the 

built environment, heating systems and physical artefacts. 

The sub-theme of built environment concerns the use of windows, vents, doors 

and insulation (including wall insulation, loft insulation, sealing around windows 

and general draught proofing). 

Unwanted draughts seemed to be a major contributing factor to thermal 

discomfort described by the participants.  In many of the households, 

participants reported that unwanted vents in addition to draughty doors, 

windows or otherwise inexplicable draughts all lowered comfort levels. 

Relatively modern double-glazing was attributed as a source of draughts by 

some participants, whilst others attributed coldness to draughts arising from ill-
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fitting external doors and vents.  One participant describes how the removal of 

draughts greatly increased the comfort of her home: 

CA02F ...I find it a very comfortable cosy house.  I mean, at one time I was 

having terrible draughts through the windows, but they came and done 

them for me and repaired them, and I find it really comfortable here.  

CA05F responded to an ill-fitting, draughty window in their living room by 

completely sealing around it such that the window could no longer be opened: 

CA05F Well, like with the window there, there’s no purpose to it at all. You 

[CA05M] were getting a stiff neck so I sealed it…you couldn’t really get 

out of that to get out so I put seal all around it. It is freezing. 

Several participants reported using various kinds of physical artefacts to 

regulate their experience of thermal comfort, including the use of fans, blankets, 

and hot water bottles.  Clothing was used to regulate thermal comfort by many 

participants.  In household CA02, CA02F’s daughter would use clothing to 

balance out the different thermal comfort preferences between household 

members. 

CA02F’s D ...I’ll have my jacket on and my coat.  Everybody else is walking around 

in T-shirts and I’m freezing all the time. 

Several participants referred to the routine use of particular items of clothing 

such as dressing gowns as part of other everyday activities.  Throws and 

blankets were used by some participants for both thermal and aesthetic 

comfort.  Additional quilts were also used by one participant (CA03M) in 

particularly cold weather in his bedroom, one room that he never used heating 

in.   

Thermal discomfort may arise when participants are too hot, as well as when 

they are too cold.  Some participants reported using electric fans to keep cool 

when feeling too hot; CA02F installed a combined ceiling light and fan in her 

living room and had fans elsewhere in her home, whereas CA05F only used 

fans in particular rooms. 
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CA02F I’ve always liked the winter.  I don’t like the summer; I don’t like the 

heat.  I can’t go out because I burn so much…I’ve got the fan by there 

look. 

One participant reported relying on hot water bottles to improve her personal 

physical comfort regularly using hot water bottles to provide localised heat to 

the pain in her back throughout the year. 

For some participants, the control and use of the heating system related to their 

perception of the fuel type concerned.  Some participants with combi boilers 

perceived that they were relatively cost effective, providing a good thermal 

output at a high speed throughout the house: 

CA02F We just put it on in the morning on the thing in the wall out there and in 

five minutes the radiator’s boiling.  It’s good.  It’s very efficient. 

- 

CA05F I just put it on as and when I need it and it does come, you know, it 

warms up pretty quick.   

The perception of electricity and its associated costs and values affected the 

use of several appliances by the participants, with many believing the cost of 

certain appliances to be too high to use. 

CA01F I always think electric water would be expensive so I’d rather not use 

it…[Referring to the gas fire] But I would never use that because it 

would cost a lot of money, I would have thought…I think, monster, I’m 

scared that it’s going to eat all the gas! 

- 

CA03M They’ve got the fan heater on the wall there but I don’t put it on 

because they are expensive to run, those types of things.  I think they 

are one of the most expensive things to run.   

- 

EDH So have you ever used the fire? 

CA02F No.  It’s not even earthed because I don’t want to use it because it’s 

electric and it costs a bomb.  So it’s never been used…electric fires are 

very expensive, aren’t they? 
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Whereas many participants demonstrated an awareness as to the cost of 

energy associated with using gas boilers or electric storage heaters or an 

electric fire, during the guided tours it was observed that many households left 

electrical appliances such as TVs, satellite and digital TV receiver boxes, video 

and DVD players and video gaming equipment on standby.    

EDH So in your grandson’s room we saw there were various kinds of 

things…left on standby, would they normally be left on….? 

CA02F Yes.  Do they use a lot of electric them? 

4.2.1.2 Light 
Many participants reported that light – both artificial and natural – influenced 

their evaluations and experiences of comfort within their domestic environment. 

Households in this sample used a number of types of artificial light fittings, 

including ceiling lights, supplemental lights (including freestanding and table 

lamps) and lights associated with electric fires; these, in turn, used a range of 

types of bulb including CFLs, tungsten filament and halogen.  CA02, CA04 and 

CA05 only used their electric fires to provide incidental lighting, never using the 

fires for the production of heat or delivery of thermal comfort.   

CA02F Yes, that’s just a flickering light, that is…yes its lovely, reminds me of 

an open fire even though it’s not like… 

- 

CA04F No, I don't use the fire.  I just use it just for the lights.  You know, it has 

the effect that it's on, like, it’s cosier. 

- 

CA05F …I just put it like that, see, so I think it makes it look warmer just by 

looking at that…I shut the blinds, put the lamp on and the fire and then 

I sit down and read the paper. 

Sidelights, lamps, and candles were found to be preferred by many of the 

participants when trying to relax, as opposed to the ceiling lights that were 

perceived to be a harsher type of light (preferred by some when completing 

tasks).  
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The use of natural light was found to be regulated by participants using 

windows, blinds, doors, and curtains.  Natural light was also mentioned by a 

few of the participants as providing additional thermal comfort. 

CA01F I think so, a yellow warmth, a light, you know. I love the sun, I get very 

depressed in the winter because then there’s no sun, so I think it does 

help a lot the warmth in the sun. 

4.2.1.3 Physical 
The physical aspects of comfort may be addressed through engaging in leisure 

or relaxation activities, or through engaging in particular comfort practices 

necessitated by health conditions.    

Participants reported relaxing in a number of different ways, including watching 

TV or DVDs, playing games, using the computer, drinking, and reading; the 

settee or chair in the living room, or bed in the bedroom played host to the 

majority of these activities.  However, improving one’s health or the restrictions 

imposed by an ailment have been shown to affect the comfort of the participant.  

Many of the participants found that certain ailments ruled out certain activities 

or interactions.  CA01F found that her ailment prevented her from being 

physically able to access her boiler; for CA03M and CA04F, certain areas of the 

home were in effect off-limits or restricted access; for CA02F, particular pets 

were no longer tenable; and some ailments required special care or 

management. 

EDH So I suppose this is your downstairs loo? 

CA02F Yes…very handy when you can’t climb stairs like me. 

- 

CA04F Well, in the heat, my feet... my legs just... my ankles just swell all up.  If 

I stay too much... I can't stay too much outside.  And in the cold then, in 

the winter, it's really painful on the joints. 

- 

CA03M …and you can actually feel it if you sit in there, if you’ve got these 

doors open in the evenings, not so much during the day unless it’s very 

cold, but even in the evenings if you sit in there you can feel it on your 
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legs; you can feel your legs are quite cold, you know.  It does cause me 

a problem because of the arthritis; it tends to aggravate it a little bit.  

Because of ill health, several routines appeared to have developed. 

CA02F I put it on every morning before the baby gets up, because he’s got 

asthma so I need to make sure it’s nice and warm for him.  

- 

CA04F Because I'm on the menopause…so I've got the [bedroom] window 

open and it's like that all night. 

- 

CA07 …I like her [daughter] bedroom to be one specific heat like and if 

they’re sick, one night it can be warm and then it’s cold breezes and I 

wouldn’t, I don’t like it for her chest, because it closes.  I might turn the 

radiators down to the lowest and see how that is. 

4.2.1.4 Freshness 
Several of the participants made observations about the air quality both indoors 

and outside.  The attainment of ‘fresh’ air has led to several self-reported 

actions: 

CA02F Always in the morning I open the windows to let some air in…we open 

the doors just to get some air in and then shut them later on then. 

EDH So when you’ve got the windows open even in the winter, would you 

have the heating on at the same time? 

CA02F Yes, but I don’t open them for long in the winter but I mean bedrooms 

got to have a bit of air haven’t they…say in the winter about half an 

hour and then shut them then. 

- 

CA04F It has been cold.  First thing in the morning and obviously it’s really 

cold.  [Unclear]...once I open the window the heating’s on so 

when…once I've had the air in the house, then I shall close all the 

windows then. 

- 
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CA03M During the day you’ve got to have the windows open, particularly if you 

are cooking, because if you don’t you will end up with condensation 

and black mould… 

- 

CA05F And if it’s a nice day when we’re going out I leave the bedroom window 

open for the fresh air and I walk in and run straight up the stairs 

because it’s like an icebox then. You know, it’s nice to have fresh air in. 

4.2.2 Places 
The location of an occupant within the home can have a significant effect on 

their perception and comfort requirements, as well as their performed activities.  

Within the home, during the guided tour participants were explicitly asked to 

decide upon which spaces were the most comfortable and which were the 

least.  The results are presented in Table  4-1 below.   

Code ‘Most Comfortable Space’ ‘Least Comfortable Space’ 

CA01 Main Bedroom Bathroom 

CA02 Living Room Kitchen 

CA03 Living Room Bathroom 

CA04 Living Room Kitchen 

CA05 Kitchen Living Room 

CA06 Living Room Upstairs 

CA07 Living Room Kitchen 

Table  4-1 Most and Least Comfortable Spaces, Reported During the Guided Tour 

4.2.2.1 Most Comfortable Space 
When asked why their most comfortable space was, in fact, the most 

comfortable, a number of reasons were offered, not all of which involved 

privileging thermal definitions of comfort – although thermal comfort was cited 

as part of the reason a space was comfortable by some participants.  For 

example, CA01F’s most comfortable room was also considered a cold room:  

CA01F … when you’re in bed it don’t matter, and I go and I watch some telly 

and my DVDs and I’m cosy, it’s got to be my favourite room...but as I 

said, I still love this room because you can get in there and you’re 

warm, and there’s my hot water bottle. 
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For CA05F, the most comfortable room – the kitchen – was considered so 

because it was both bright and warm; it was also where she carried out most of 

her daily activities: 

CA05F This is the room...because, you know, I’m cooking all the time and it’s 

just…and it’s brighter and it’s – it’s nicer, more pleasant.   

Furnishings were referred to by some participants in their descriptions of why a 

space was considered comfortable, at times in relation to the types of activity 

that they facilitated: 

CA02F Well because you’ve got comfortable seating and it’s...I fancy it’s 

warmest here.   

Activity was referred to by some participants in their articulations as to why a 

space was comfortable: 

CA06F Because I can relax down here more than anything and be with this lot 

[gestures to animals].  I normally have at least one vodka and coke in 

front of me while these all like a bottle of Blue.  Oh yes, I’ve got 

alcoholic cats. 

4.2.2.2 Least Comfortable Space 
Interestingly, thermal comfort appeared to be an important factor in participants’ 

articulations of why particular spaces were particularly uncomfortable. 

CA02F That’s my kitchen; it’s cold…well, it is darker in here.  The living room is 

not as dark as this. 

- 

CA05F It’s comfortable in the way of the furniture that I’ve got in there, but for 

the warmth and that...  Feel how cold it is here now…compared to the 

kitchen.  You know, I was in here the other day and I had the heating 

on, but I haven't had it on today and you can feel how cold it is, can't 

you? 

Not all participants had a least comfortable room; CA04F attempted to identify 

the least comfortable room as the one in which she spent the least time.  In 

contrast to all other participants, CA06F referred to an entire zone of the house 

– the upstairs rooms – as being the least comfortable, instead of settling on just 
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one room.  She reported that these rooms were the least comfortable because 

of their current decor in addition to the objects stored in some of them, making 

the entire area feel ‘messy’. 

4.2.2.3 Factors Affecting Use of Space 
Limitations due to health issues may restrict or increase access to certain parts 

of the home: 

CA02F I haven’t got dressed yet...I only go up there once a day…to bath and 

go to bed… 

- 

CA04F I'm disabled, so I'm limited in what I can do, so it all depends.  Every 

day differs.  Like, sometimes I'm just up in bed and other days I may 

potter around. 

Activities by visitors may dictate room usage: 

CA02F … my friends come and they’re smokers, because I don’t allow 

smoking in the living room because our baby’s got asthma.  So they 

come in here [kitchen] and have a cigarette like. 

- 

CA04F …because I'm a smoker and my family and friends are, and so 

obviously I open the window and the back door, because the only place 

we smoke is here [kitchen]… 

Several homes with multiple occupancy based on age (such as mother and 

daughter, rather than husband and wife), tended to show that although there 

may be communal areas within the home, each ‘group’ tended to have their 

own specific room to engage in comfort activities. 

CA02F … they’re only a young couple [daughter and son-in-law] so I like them 

to have privacy so they’ve got a big TV up in their bedroom and they 

watch their thing up there. 

EDH So, do you find you end up being in different rooms because they are 

too cold? 

CA02F’s D Yes. 

CA02F She couldn’t sit down here in the evening with me. 
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CA02F’s D No. 

EDH Oh, so you physically just move to a warmer room when you’re too 

cold? 

CA02F’s D Yes.  And she likes to watch her programmes down here, so I go and 

watch whatever I want upstairs.  But I stay in bed all day. 

4.2.2.4 Micro Placement 
The location of a participant within the environment may be determined by 

proximity to a point of comfort. 

EDH So when we were here last, your daughter was sitting by the radiator.  

Would that be normally where she would sit? 

CA02F Yes, on top of it if she can.   

EDH So when you’re here you always make sure you get a seat by the 

radiator? 

CA02F Yes. 

- 

EDH Well, just kind of how do you feel comfortable? What do you do? 

CA05F Well, that’s my chair over there next to the radiator because there’s no 

fire here. There’s just an electric fire here I like to put on with the red 

light on. 

Furthermore, micro placement may also be in relation to a ‘comfort activity’: the 

combination of thermal comfort and the ability to undertake particular activities 

recurred throughout the dataset.  CA05F spent most of her time undertaking 

room-specific activities in her most comfortable room, the kitchen; others 

reported positioning furniture and furnishings in particular ways in order to 

undertake particular activities. 

4.2.3 Social 
Social factors influenced actions and experiences of comfort for many 

participants.  Members of the community may pass in and out of participants’ 

homes; friends and family members may visit for short or long periods, 

irregularly or frequently; and many participants kept animals as pets. 
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4.2.3.1 Negotiating Comfort 
Different members of the household may have different perceptions of comfort 

within the home; the presence of visitors may also require a negotiation in 

practicing comfort.  In some households, different members of the household 

had notably different thermal comfort requirements.  In CA02, CA02F prefers 

cooler conditions whilst her daughter prefers the warm and refers to herself as 

‘a freezer’; in CA04, CA04F prefers cooler conditions whereas her husband, 

CA04M is ‘a freezer’ and prefers it to be warmer; in CA05, CA05F describes 

herself as ‘a freezer’ whereas CA05M normally doesn’t feel the cold.  This can 

result in different members of the household regularly altering thermostats of 

different kinds to attempt to manage their own comfort: 

CA02F I change it.  Like tonight now I will put the heating on when it goes a bit 

chilly in the evening.  I will just put it [thermostat] on to 15.  But in the 

winter I will turn it up for the rest of them, the freezers.  

CA02F’s D I turn it all the way up anyway.  

EDH So, what kind of temperature do you turn it up to? 

CA02F’s D 30. 

EDH 30?  And you keep it at 15? 

CA02F Yes! 

EDH So do you find there is a little bit of… you notice someone has changed 

it and you go and quickly change it back? 

CA02F She goes behind me.  She turns the radiators up.  

CA02F’s D When I go into the toilet in the morning, she turns the radiator off in the 

little toilet, but I go… 

CA02F It’s a waste of money, isn’t it?  

CA02F’s D I turn it up to five, and then you can’t breathe in it.  But then I like it 

when I go back.  Then I go in oh, she’s turned it back off.  And I turn all 

these up to five.  She went out last night so all these went up to five.  

And now they’re on two again.   

- 



Research Study 

122 

CA04F Oh, he'd be happy to have it on 30 all the time, he [husband] 

would…yes, he's a freezer, he is. 

EDH Okay.  So does he do that?  Does he turn the heating up quite a lot? 

CA04F Yes. 

EDH Okay.  So... but him being here doesn't change how you use the 

heating, necessarily?  You still keep it normally on 20? 

CA04F I normally keep it on 20. 

EDH So what happens when he changes it?  Do you, kind of, let it...? 

CA04F No, I shout at him then, turn it back down.  That's what it's like all the 

time.  I'm more of a warm person and he's really a freezer. 

Health issues may also create comfort preferences in conflict with those of 

other household members.   

CA02F I’ve got a fan on the ceiling and a big stand up fan, because I’ve got 

emphysema and I’ve got to have… And she’ll [daughter] come in and 

go oh, it’s freezing; I’m like it’s lovely.  I don’t like a warm bedroom; I 

like to walk into a freezing bedroom, and then it’s so nice when you get 

under the quilt.  

Particular visitors, and their particular requirement, may influence how 

participants regulate comfort in the home:  

CA05F I usually put it on when my daughter’s coming because she’s got a 

heart problem and she feels the cold terrible. So If I know she’s coming 

I’ve usually got the heating on and she sits in the kitchen right by the 

radiator, doesn’t she? 

- 

CA07 …well, the other night, my neighbour was complaining it was cold in the 

house, but it was, to us, it was warm, so I just put the heating on higher 

than what it normally is because she was cold, so it was on for her 

really.   

4.2.4 Regulation 
This theme concerns the ways that participants regulated their heating 

systems, and the particular forms of knowledge that they draw from to do so, 
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including the use of controls (including routines of turning heating on and off 

and the use of various kinds of thermostats), knowledge (spanning direct and 

indirect experience), the use of meters and the role of money.    

4.2.4.1 Controls 
Participants interacted with a series of controls to regulate their heating 

systems ability to produce conditions of thermal comfort.  For those with gas 

central heating systems, these included the use of multiple thermostats and 

programmer/timers; for our participant with electric heating, this involved 

interactions with storage heaters.   

Turning the heating on and off was achieved in a number of ways: through use 

of the thermometer; use of the programmer/timer; or directly on the boiler.  One 

participant (CA07F) reported using the thermostat to turn the heating on and 

off; she said that the thermostat is an easy way to control the heating, and that 

using the thermostat to control the heating reduces her consumption of gas 

compared to if she did not have a thermostat. 

CA07F …I’d always set it [the thermostat] to a certain temperature, so if it goes 

below, it will knock on automatically, so I don’t use as much gas as 

what I’d normally do. 

The rapidity of the heat provided with the new boilers installed, suggested by 

one participant, made the use of a timer an unnecessary practice. 

CA02F Well, I just prefer to control it.  Because with a combi boiler it is 

practically instant heat anyway.  You know what I mean?  If I get up at 

seven and put the heating on, by five past seven they’re boiling, you 

know; whereas some of the old boilers they take ages to work.  But it is 

practically instant heat anyway, so it’s not worth the bother.  

Participant CA01F found the use of timers ‘restricting’, preferring to turn the hot 

water and central heating on and off when required.  No participants admitted 

to regular use of the programmer/timers for their gas central heating.  The 

programmer/timers were never used for CA05 and CA06, although CA05F did 

previously use it when she was working, but no longer feels she needs to. 

CA05F No, I know how to use the timer, I used to…When I moved in here first I 

was living on my own and I was working…but I don’t work now so I’m 
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here in the day, so I just put it on as and when I need it and it does 

come, you know, it warms up pretty quick.   

CA05F also believed that using the programmer/timer was wasteful because it 

would result in the provision of space heating when it was not necessarily 

required. 

CA05F I used to use it when I first moved in but it seemed a waste because, 

say now, you know, like as it’s starting to get warmer, you’d have the 

timer to come on, but there wouldn’t be any need, really. You know, 

say I always get up and go straight in the shower, well, if I wanted to I 

could run down and put the heating on for it, you know, for it to be 

warm down here anyway. But I think it’s a waste using it. 

Only one participant, CA07F, reported currently using the programmer/timer; 

she uses it only when she plans to be away from home, in order to keep the 

house warm and to prevent the pipes from freezing. 

For most households with room thermostats, these were located in the hallway 

(with the exception of CA01’s, which was located in the kitchen); CA06’s 

heating system was the only gas central heating system that did not have a 

room thermostat.  Many participants reported setting their thermostats at 

somewhere between 15oC and 20oC normally, although when they were cold 

and wanted the house to warm up quickly, some participants (CA05F and 

CA07F) reported turning the thermostat up either higher than normal, or to the 

maximum setting, for a time until the house heats up and then setting the 

thermostat back to what they would normally have it set to.  CA04F reported 

that she does not undertake this practice because she believes it to be 

wasteful: 

CA04F Well, what I do do... A lot of people, they just put it on high and then 

turn it down.  I fancy that's wasting too much money.  I'd rather leave it 

on number 20, constant, like that.  I find it cheaper to run it on number 

20. 

Two participants (CA05F and CA07F) referred to the thermostat turning the 

heating on when the temperature dropped below a certain level.  CA05F said 

she knows that this is happening because she can hear the sound of the 

thermostat clicking on and off, and seemed to consider this in a positive light.      
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CA05F If it’s really cold I turn it right up for, say an hour, until I can feel the heat 

coming out and then I like to have it on that.  Or sometimes what I do 

then, I turn it even lower so, you know, if it comes quite warm, it warms 

up and then it goes off and then you can hear it clicking on and then it 

goes… it warms the radiator up to a certain temperature and then it 

goes off.  And then in about 20 minutes it’ll warm up again so you don’t 

need it on constantly.   

Most houses with gas central heating had TRVs on most, if not all, of their 

radiators (bar CA01F who had no TRVs on any radiators).  Most participants 

(CA02, CA05, CA07) had the TRVs on different settings in different rooms, 

depending on: how cold the room normally gets (the TRV in CA07’s kitchen, 

and CA07’s and CA05’s lounge, are normally set to maximum because these 

rooms are normally cold); how warm or cold that the room feels at any given 

time (e.g. CA07F adjusts TRVs in rooms depending on how warm the room 

feels); the activity that was planned for that space (CA05F reduces the TRV 

setting in the kitchen when she is cooking to compensate for the heat from the 

cooker, whilst CA07 turns up the TRV in the bathroom when she plans to bathe 

her children); to reflect particular preferences for particular rooms (both CA05F 

and CA07 keep the TRV in their bedrooms set relatively low because they 

prefers a cooler bedroom).     

CA05F I’d turn the one off in the kitchen because it’s warm in there, obviously, 

with the cooker and everything on so that the rest of the house is warm. 

Upstairs I’ve only got them on low. This one’s on full. 

Two participants (CA04 and CA06) reported never altering the TRVs, where 

these were all set on the maximum setting; CA06 also does not have a room 

thermostat.   

4.2.4.2 Knowledge 
Participant knowledge can be grouped into themes pertaining to direct and 

indirect experiences, theories of how things work or how they believe they 

should work and the use of energy and payment meters and the methods 

through which energy consumption is paid for. 

Participants reported perceiving and evaluating the functionality or comfort 

performance of their house and heating systems in many different direct ways.  
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Several senses were involved in signalling such performance: touch (e.g. 

knowing that the heating is on because the radiators feel hot, or feeling 

draughts), sight (e.g. the presence of condensation, mould growth or dust 

around CA05’s Dry Master), sound (e.g. the sound of the Dry Master working, 

the thermostat clicking on and off, or the sound of the pump on the heating 

system working in CA05’s house) and smell (CA01’s kitchen cupboard smelt 

damp and so she did not use it).   

CA05F I mean, if you touch that radiator it is very hot and I’ve got it on 20, I 

think. You know. It’s halfway, say. But it does warm up. You could 

feel… you know, switch it on and within five minutes you can feel it 

coming through the radiators. It’s very good and the hot water’s 

marvellous. 

- 

CA01F Well because you know it’s on, I mean, like I know it’s on now because 

I pushed the switch down.  

GTW Okay. 

CA01F Sometimes you don’t – you’re right, when you suddenly go brr, not in 

here but downstairs and I think, what? And I touch it and…oh it’s like 

now, it’s cold. 

Responses were made on the basis of the sensory stimuli already listed, in 

addition to evaluations of temperature (of spaces and radiators), speed (the 

speed with which hot water is available through the taps or in the radiators) and 

quantity (relating to the quantity of radiators to heat a space).  For example, 

CA05F and CA05M believe that there are an inadequate number of radiators to 

heat their hallway and landing area.  Some participants compared their current 

houses to those in which they had previously lived, and on this basis evaluated 

the comfort performance of their current property.  CA05M, for instance, 

reported that their current, relatively modern house is not as warm as his 

previous, older home.  

Some participants described why they do and don’t do particular things with 

reference to personally held theories as to how systems work.  These theories 

concerned the energy intensity of different actions, how heat and moisture 
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behave in the home, how different devices and systems work and the health 

benefits of particular actions..  CA05F reported turning some radiators either 

down or off in order to prevent their ‘taking’ heat from elsewhere in the house. 

CA05F The [radiator in the] passage is on three because there’s… You know, I 

think, if that’s on full there’s no heat in the rest of the house, it takes it 

all.  

Theories of how things ought to work may at times be based on comparisons to 

a historically used system.  CA02F believes that gas central heating is 

inherently less healthy than a house heated by a coal fire: 

CA02F … my father was a miner and we always had the coal fire.  There was 

a fireplace in each room so if you were ill in the winter my mother would 

light the fires in the bedrooms.  It was lovely.  I think this is a lot of 

causes of bad chest: gas, central heating, it’s dry isn’t it, and coal fire 

was so much nicer. 

Judgements and evaluations as to the comfort performance of the house, how 

to run it efficiently and judgements of the acceptability or otherwise of energy 

consumption, were often made based on indirect experiences - comparing with 

what they had heard from friends, neighbours or family members (which we can 

think of as ‘hear say’).  For example, CA05F and CA05M referred to how one of 

their friends uses their heating system, but they reasoned that this approach is 

not right for them:  

CA05F Because some people reckon to leave the heating on all the time, put it 

on, you know, say 15 and just leave it to run the whole time because 

you’re not wasting energy then warming up from scratch. But I could 

never, we could never have it on in the night to go to bed…they reckon 

it’s cheaper to just leave it to run on a bit lower than warm it up each 

time you know, but. It goes against the grain, that, to just leave it. You 

think, no, no… 

CA05M I don’t see the point of it, personally.  If you’re out and I’m out, well, I’m 

always out all day, why run it, like, you know? Why use the gas when 

there’s no-one in? Doesn’t it take… I mean, as [CA05F] said, once it’s 

on, within ten minutes, quarter of an hour, the house warms up, doesn’t 

it? 
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The presence of the physical monitoring researchers, and their equipment, 

imparted a further element of expert knowledge to participants.  CA01F 

explained during the guided tour where the problematic areas of her bedroom 

were, with reference to knowledge that the physical monitoring researchers had 

imparted to her during the course of producing a thermal image of her property 

several weeks previously:  

CA01F …and apparently the damp – the area they filmed was there really…but 

it doesn’t show, doesn’t look – well not damp but cold spots, sorry cold 

spots. 

Participants did not always agree with the expert knowledge; in several cases 

this caused conflict against the participant’s knowledge or opinion. 

CA01F Yes, so and the man surveyor said, oh, no, that’s fine, it’s because 

you’ve had furniture there, it’s a blind… not blind spot, some other – 

what did he call it?  And I thought that’s baloney, and it’s been empty 

that space for a long time now and it’s, ughh, you can see all the 

whitish stuff growing.  Ughh. 

The majority of participants’ houses had prepayment (or credit) meters installed 

for both gas and electricity.  These households were required to interact 

regularly with their meters to add credit to their energy accounts with the 

monitoring of energy consumption in terms of how much money was left on the 

meter rather than how many kilowatt-hours or cubic metres of gas they had 

consumed.  Topping up of these meters was also found to be ritualistic, with 

many participants indicating a regular routine of checking, going to a regular 

purchase point, and topping up on certain days of the week. 

CA07F I have to check, I check it some days just in case I think, oh, I might be 

running low, but other times, I, sometimes the £15 will last me the 

entire week. 

- 

CA02F I don’t know.  Every Monday I automatically get £10 on each.  And then 

I go up the road on a Thursday, I have a look then to see if I need 

more…I never leave myself without. 
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The use of meters also allowed participants to be aware of the consequences 

of using more energy intensive appliances. 

CA04F Yes, [unclear].  As I say, there's only me and my husband so we really 

don't need a lot of electric, to be honest, like.  I can get away with 

putting £5 a week in mine, except…the drying and the washing.  That's 

different.  So I usually put about £10. 

Households CA01, CA03, CA04 (gas only) and CA05 had debit meters 

installed, but paid for these in different ways.  CA01 used the internet to pay by 

bank card, CA03 paid in full on receipt of the bill, whereas CA04 and CA05 paid 

by direct debit.  None of these households read their own meter; CA03’s was 

locked away in a room to which he was not permitted routine access, whereas 

CA05 and CA01 relied upon external meter readers to routinely read their 

meters and provide them with accurate bills.  

GTW [Do] you regularly check your meter, your electricity meters, I mean? 

CA01F Oh, God, no. I don’t do things like that…Well, a man still comes out to 

read them…and then I usually get him to tell me what they are, and I 

write them down and then when the bill comes, I check that they 

correspond online what he said they were when he came round.  So 

that they’re not ripping me off by thousands. 

Typically, participants reported being happy with their energy bills, with many 

receiving a tax free £100-£300 payment for fuel from the UK government due to 

the cold winter (the Winter Fuel Payment is eligible to those born on or before 

5th July 1951 and claim State  Pension or social security benefits (UK 

Government, 2013)).  One participant, CA05F, reported consciously trying to 

use less energy for fear of a high energy bill over the recent cold winter period: 

CA05F I’ve started putting a cardigan on, which I never used to before…well, I 

started thinking, you know, before we had the bill I was thinking, oh, my 

God, what’s this bill going to be like? And if, like if I wouldn’t be too 

warm then I think, oh, I’ll try a cardigan. You know, with the bills. I don’t 

like to waste it, mind, I’ve got to be honest. I do knock it off quite a lot. 

CA01F reported that waiting for a bill could be stressful, and affected her use of 

energy in the home: 
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CA01F …when it came, I couldn’t open it, I felt my stomach go, ugh.  Oh no, it 

was an email, that’s what it was.  It was… I know you’d want to know 

that energy bills are ready to view.   I thought, no, I don’t want to…  But 

I had to.  But before… because I smoke I had to have a cigarette, I 

really felt that nervous, I thought, oh, I can’t bear it… 

In contrast, CA02F believed that the cost of energy is irrelevant as it is a 

necessity; she therefore does not worry about the cost. 

CA02F I don’t really care what I spend on gas and electric because to me that 

is as essential as food, isn’t it, heating.  So, I never make a bother 

about that really, do I? 

4.3 Discussion 
From the findings presented above, it is clear that the attainment of domestic 

comfort is intrinsically linked to perceptions of energy and the myriad of 

mechanisms through which its consumption is controlled.  In order to further 

this discussion, the above findings have been framed with reference to the 

body of literature reviewed in Chapter  2, with specific attention given to the 

antecedent structure of behaviour as posited through the augmented Theory of 

Interpersonal Behaviour (as defined in section  2.2). 

4.3.1 The Intention to Consume - Attitude, Social Factors and Affect 
Attitudes towards energy and comfort have been shown to have an impact on 

the intention of the individual to consume.  Several participants had a 

perception of the monetary cost of energy, in particular electricity used for 

space or water heating, which directly influenced their use of comfort providing 

devices.  Phrases yielded by participants, such as ‘electric water would be 

expensive’, and ‘electric fires are very expensive’, not only highlight heuristics 

associated with cost expectations, but also illustrate the emphatic association 

between the product and consumption (as opposed to describing the product 

by its output, such as the term hot water instead of electric water).  

Interestingly, however, this association does not seem to extend to smaller 

consumer products, such as TVs, where the energy consumed on standby is 

often not even considered, supporting the perception of energy as being 

generally of low interest (Burgess and Nye, 2008, Fischer, 2008).  The attitude 
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of one participant towards the use of gas-powered space heating considered it 

essential, on a par with the necessity of food and therefore did not consider the 

cost or mitigating its use.  Perceptions of the size of the device have also been 

shown to affect the perception of energy use, ‘I think, monster, I’m scared that 

it’s going to eat all the gas’.  Perceptions are also to an extent steered by 

historic associations, such as the use of coal fires being perceived as being 

healthier than gas central heating.   

Direct and indirect experience of using energy-consuming products to provide 

comfort has also had an impact on the ways in which the participants interact 

with these devices.  The perceived output and efficiency of gas central heating 

is generally considered a substantial benefit, with the expectation that when the 

heating is put on that the home will warm rapidly.  Such expectations are 

evaluated through multiple physiological senses, such as the touching of a 

radiator to determine its temperature and the clicking sound of a boiler to 

confirm its activation.  One tenant illustrated that although she believed the 

heating system to be on, upon touching the radiator she found it to be turned 

off by the thermostat settings.  Although the intention to act was initiated and 

the behaviour complete (turning on the central heating system), the outcome 

from the system was unexpected and invisible to the participant.  The use of 

programmers and heating strategies (such as leaving the house at a lower 

temperature constantly) are considered redundant due to this perceived rapidity 

of benefit, with automated products and the heating system active when it is not 

perceived to be required going ‘against the grain’. 

Social factors have also been shown to influence the consumption of energy 

towards the attaining of comfort.  There is clear evidence that many of the 

participants have knowledge in how neighbours and friends manage their 

comfort and energy systems with considered opinions framing their own 

consumption as being more or less in comparison.  The effect of friends and 

family to an extent also dictates room usage, and by extension energy usage 

and comfort, with a consensus amongst those that smoked (or had guests that 

did so) that the kitchen with the back door or window open was acceptable.  

The primary influence of social factors within this sample was noted within 

those households with multiple occupancy.  Members of the same household 
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generally had competing comfort expectations, leading to the frequent use of 

terms like ‘he’s a freezer’ to denote those that preferred hotter thermal 

conditions.  This often led to conflict, with ad hoc changes to the heating 

system often carried out without informing other tenants, although this has been 

shown in some cases to be avoidable with different layers of clothing.  Social 

factors were also embodied through the role of the primary participant (who 

was also in all cases the tenant that spent the most amount of time at home 

and the one in primary control of the heating systems; a form of heating 

guardian).  The primary participant often fulfilled the role as carer or maternal 

figure for the household, adjusting and controlling the temperature to suit the 

health requirements of other household members or visitors, sometimes in 

detriment to their own preferences. 

The role of emotions was noted as one of the primary factors in determining the 

most and least comfortable spaces alongside thermal and furnishing 

preferences.  The abundance or lack of light has been found to make spaces 

more ‘pleasant’ or ‘depressing’ respectively.  The extent to which light has been 

used to generate comfortable environments is evident in the proliferation of 

electric fires that generate an artificial light reproduction of a coal fire but the 

heating function of which is never used.  Statements such as ‘I think it makes it 

look warmer’ and ‘reminds of an open fire’ have emotional attachment, recalling 

past family members and previous households that had and operated coal fires.  

What this also represents is a disaggregation of the heating mechanism and 

the natural feedback it provides.  Coal fires are explicit in their function as the 

heat is synonymous with the light it produces.  The modern systems found in 

many of the homes here have a gas powered central heating system with no 

natural feedback mechanism.  The focal point of the living room is still the 

fireplace, however, it is no longer part of the actual heating system and offers 

nothing in terms of understanding the consumption of gas for space heating.   

Emotions attached to the paying of energy bills, or more specifically, to the 

unknown amount that bills may be, include nervousness and fear.  To an 

extent, the unknown parameter of consumption quantity drove participants to 

become uncomfortable and/or start to explore alternatives such as the use of 

extra layers of clothing. 
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4.3.2 The Automaticity of Consumption – Habits 
The self-reported nature of interviews and the guided tour makes habits, 

discernible through frequency of behaviour and automaticity of cognitive 

function, difficult to evaluate.  Having said that, certain self-reported routines 

were clearly stated, revolving around the use of heating systems during winter, 

the year round attainment of fresh air and the payment of energy consumption.   

Ill health, in itself a facilitating condition, has prompted several routines such as 

putting the heat on first thing in the morning or leaving the window open at night 

to alleviate the symptoms of medical conditions.  As the majority of the 

participants in this case study have underlying medical issues, it is important to 

consider that requirements for physiological comfort may differ from what may 

be considered to be average or normal, propagating quite unique habits within 

the household.  The use of prepayment meters has also created routinized 

behaviour, with the checking of meters and purchasing of ‘credit’ becoming a 

regular event, whether necessary or not.  With the regular pre-purchase of a set 

quantity of energy, one can foresee a secondary effect, indirect rebound 

whereby the amount saved through feedback or other behaviour change 

mechanisms focussed on heating or otherwise may be transposed onto another 

energy consuming act, thereby maintaining the amount of energy consumed 

(Sorrell, 2007). 

The prevalent self-reported habit here was the pursuit of fresh air.  Several 

participants stated that even in the height of winter they opened windows and 

doors to their home daily, even in some cases with the heating on, to ‘get some 

fresh air in’.  Although the participants displayed awareness as to when they 

perform this action, the action itself clearly displays aspects of habitual 

behaviour.  Exhibited were a history of frequent past behaviour, efficiency 

(always performed at the same time in the same way), difficulty in controlling 

the behaviour (still performed despite the hostile external weather conditions) 

and a sense of identity linked to cleanliness and the protection of other 

household members.  Although the impact of opening the windows and doors in 

parallel to having the heating system active is a contradictory use of comfort 

management systems, the consumptive effect on the heating system is not 

considered relevant by many of the participants, even in homes where they 
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were concerned with energy consumption.  This may be due to the lack of 

information portraying the consequences of this dichotomy or the lack of 

individual’s knowledge as to what this effect may be.  In addition, the perceived 

convenience of having a rapid and efficient boiler may outweigh the cost in 

terms of effort for turning the boiler off during this period or the time it takes to 

heat the home back up to a comfortable level.  Interestingly, draughts were not 

considered in the same vein as controlled air management, with tenants finding 

unwanted draughts to be an undesired nuisance. 

4.3.3 The Enabling and Constraining of Consumption - Facilitating 
Conditions 

Several facilitating conditions are clearly linked to the built environment and the 

provision of comfort controls.  The rapidity in the provision of central heating, as 

previously stated, allowed participants to use the heating system on an ad hoc 

basis, heating and cooling the home as and when it was deemed necessary.  

The use of TRVs, room thermostats and boiler controls reflected this desire for 

contextual control based on the participant’s perception of comfort at a given 

time.  In some cases the thermostat is used to ensure that the heating system 

will turn itself off at a desired temperature, but at other times, it is dependent on 

the perceptive ability of the participant, sometimes waiting for a comfort 

extreme, such as being ‘boiling’ or too cold, before acting to adjust the system.  

There was also a lack of knowledge noted when relying on the thermostat, 

which, on occasion after having been set, may turn the heating system off or on 

without the tenants awareness.  Lack of knowledge and excessive energy 

consumption through extreme use can both contribute to a wasteful 

consumption of energy and prevent the fostering of optimised use through a 

developed understanding of the consequences of their action. 

Aside from placement within a space, such as the living room, which was often 

determined by proximity to heat and light sources or influenced by physical 

activity, such as watching the TV, it is apparent that the health of the 

participants in this case study was a major facilitating condition to their action.  

The health of several participants prevented them from accessing certain parts 

of their own home and introduced habitual behaviour in the form of coping 

mechanisms, such as remaining bed ridden for large stretches at a time or 
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leaving windows open at night.  It is evident from the findings presented that the 

management of comfort for health benefits, in terms of physical disabilities or 

thermal and air quality, takes priority over the monetary cost and consumption 

of energy. 

4.4 Conclusions 
Recognising though the literature review, presented in Chapter  2, that the 

consumptive acts of the individual may be formed and perpetuated through a 

complex intertwining of cognitive process and context, the aim of this chapter 

was to provide resolution to the second objective of this research study: 

To understand how inhabitants of social housing properties define and 

control comfort and its associated impact on their domestic energy 

consumption. 

The findings and ensuing discussion, presented thematically and then 

discussed in relation to the augmented behaviour model the Theory of 

Interpersonal Behaviour (as defined in section  2.2), provides this 

understanding.   

Comfort has been thematically illustrated to encapsulate not only thermal 

aspects, but also dimensions related to light, sound quality, physicality and the 

desire for freshness.  Expanding upon this, the effect and perception of space 

has been shown to be relevant to this defining of comfort and its impact on 

energy consumption, as has been the effect of social influences, such as 

friends and family and the level of knowledge that the participant has garnered 

through both direct and indirect experiences.  The built environment has also 

helped to influence this knowledge, as well as to provide the necessary controls 

in which to attain this definition of comfort. 

From a psychological perspective, it has been shown that whilst the factors that 

form intention, namely attitude, social factors and affect, do have a direct and 

profound influence on behavioural action and domestic energy consumption, 

they may be mitigated by habitual action, such as the pursuit of fresh air.  In 
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turn, this is checked through facilitating conditions including participant health 

and control technology. 

The next step for this doctoral thesis is to position these findings within a design 

process, exploring the process by which this information can be used to 

generate insights and opportunities which in turn can be used towards the 

design and evaluation of feedback intervention concepts and prototypes. 
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5 Design Intervention Development 

5.1 Introduction 
With the intervention 

context understood, 

the process through 

which this 

knowledge and 

understanding is 

managed and 

translated towards 

the solving of the 

problem must be 

considered if the following research objective is to be realised:  

To design and produce a feedback intervention prototype that intends to 

reduce domestic energy consumption whilst maintaining inhabitant 

defined comfort levels. 

This chapter discusses the design process and the positioning of DfSB 

strategies within these models, moving on to explore methods through which 

the qualitative understanding and themes established in the previous chapter 

can be worked and transparently managed towards the generation of tenable 

design opportunities.  The later sections of this chapter consider the generation 

of solutions within this design process, culminating in an intervention prototype. 

5.2 The Design Process 
A design process is a sequence of standardised activities that moves the 

designer from an input to an output, or from a problem to a solution (Dubberly, 

2004, McClelland and Suri, 2005, Cross, 2007, Cross, 2010).  Defining the 

process through which this transition takes place has led to a proliferation of 

models, with each proposing a different collection of methods and approaches 

towards reaching a design goal.  Dubberly (2004) presents an extensive, but by 

no means exhaustive, catalogue of over one-hundred design and development 
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processes, highlighting the breadth, diversity and the apparent need for both 

academic authors (Pugh, 1990, French, 1998, Pahl et al., 2007, Cross, 2010) 

and the design industry (IDEO, 1999, Dubberly, 2004) to create formalised and 

structured processes.  Adhering to a structured process, it is suggested (Cross, 

2007), can lead a designer efficiently, logically and repeatedly to multiple good 

solutions.  Design practice, however, is not always carried out in a systematic 

way, with designers often reaching good solutions through opportunistic, non-

structured routes (Cross, 2007).  Whilst each strategy has its positives and its 

negatives, the key point to emphasise is that an unstructured or ad hoc 

approach to the design process is not repeatable (Dubberly, 2004).  If we 

consider the design process required for this research sitting within a case 

study approach it is essential that the process followed can be made 

repeatable.   Repeatability is important in order to reflect upon and improve the 

process for subsequent reimplementation and furthermore that the results and 

process can be generalised against extant theories and case studies.  

DfSB is already moving towards systematic implementation within the design 

process, with several authors (Selvefors et al., 2011, Tang and Bhamra, 2011, 

Zachrisson et al., 2011) tentatively producing new models that account for 

DfSB at each stage of the design process.  Each prescriptive model follows a 

similar linear trajectory, moving from an exploration and identification of the 

problem or target behaviour towards identifying and implementing an 

appropriate intervention strategy.  These models, however, are embryonic and 

still open for debate with a lack of supporting case studies. Therefore, for the 

purposes of this research it may be more appropriate to implement an already 

established design process, specifically one that revolves around the 

techniques that have so far been implicit in DfSB anchored design schemes; 

the User-Centred Design [UCD] process. 

UCD (otherwise known as Human-Centred Design (British Standards 

Institution, 2010)), is focussed on understanding the user, their tasks and 

context, accounting for their needs and requirements as opposed to 

commercial or technical issues (IDEO, 1999, British Standards Institution, 2010, 

McClelland and Suri, 2005).  The rationale for employing a UCD process in this 

research is primarily that the principles of UCD are synonymous with the 
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principles and requirements that are being established and developed through 

DfSB research.  These UCD principles, as stated by the ISO standard for 

Human-centred design for interactive systems (British Standards Institution, 

2010), include:   

• the design is based upon the explicit understanding of users, tasks and 

environments; 

• users are involved throughout design and development; 

• the design is driven and refined by user-centred evaluation; 

• the process is iterative; 

• the design addresses the whole user experience; 

• the design team includes multidisciplinary skills and perspectives. 

These principles clearly resonate with the key features of DfSB, as discussed in 

section  2.6, concerning the need for the forming of an on-going understanding 

and dialogue between the user and a multidisciplinary team, which establishes 

the knowledge base and interactions through which to specify, design, iterate 

and evaluate behaviour change interventions.  Furthermore, involving the user 

throughout the UCD process ensures that the ethical rights of the user and 

other stakeholders have been accounted for and multistable effects considered.  

These UCD principles have been codified into a design process or series of 

activities within this BS EN ISO 9241-210:2010 standard, as illustrated in 

Figure  5-1. 
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Figure  5-1 HCD Activities (British Standards Institution, 2010) 

A UCD process typically follows a cyclical, iterative structure, beginning with the 

exploration, understanding and specifying of the context of use and the users’ 

needs and requirements.  Although presented as disparate phases within the 

ISO standard to emphasise their relative importance, in reality, the user and the 

context are inextricably linked and this understanding and specifying of their 

features and criteria may be established concurrently (IDEO, 1999, McClelland 

and Suri, 2005).  If the aim of DfSB is to change the behaviour of a user, 

composed of intention, habits and facilitating conditions, then clearly this stage 

is vital to developing an understanding on which to base, inform, and evaluate 

future design decisions to reach this goal.  A second phase discussed in UCD 

literature (IDEO, 1999, McClelland and Suri, 2005) but not explicit in the ISO 

model concerns the identifying of design opportunities, a point of synthesis, 

turning the qualitative data gathered in the preceding phase into forward facing 

statements of design direction.  Opportunities from a DfSB perspective could be 

related to identifying specific behaviours and actions to target or strategies to 

implement.  Returning to the ISO standard, the next phase concerns the 

production of design solutions, a formalising of design knowledge (function, 
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aesthetics etc.) into concepts that address the opportunities identified and that 

are in line with the understanding and expectations of the user and context 

(British Standards Institution, 2010).  DfSB solutions that respond to the ill-

defined problems and opportunities identified can be explored and iterated from 

a large number of initial concepts to an eventual convergence on a single 

concept (Pugh, 1990, Cross, 2007).  The next phase, but not necessarily the 

final phase, is a user-centred evaluation, an evaluation of the concept (and 

assumptions made) with real world users (McClelland and Suri, 2005, British 

Standards Institution, 2010).  A DfSB evaluation specifically concerns the 

evaluation of the design, sustainability and behavioural aspects (as discussed 

further in Chapter  6) benchmarked against the user and context as identified in 

the initial understand and specify phase as developed through the course of the 

design process.  This phase may not be the last as the evaluation may uncover 

or illuminate a need for further information or redefinition of the user, context or 

opportunity (an iteration back to the understanding and specifying or 

intervention opportunities phases), or may also illustrate design weaknesses 

that require improvement (an iteration back to the intervention design phase).  

For the purposes of this thesis, the definition of the UCD process as described 

above can be visualised as the following diagram, Figure  5-2.   

 

Figure  5-2 The Design Intervention Process 
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The understand & specify the context & user phase maps to Chapter  3 of this 

thesis, with Chapter  6 concerning the intervention evaluation phase.  This 

chapter relates to the intervention opportunities and intervention design phases, 

as discussed in the following sections. 

5.3 Design Intervention Opportunities 
Drawing from the IDEO Human Centered [sic] Design Toolkit (IDEO, 1999), this 

section concerns the method for generating areas of opportunity; the reframing 

of a theme or insight based on empathic qualitative research, into future facing 

opportunities for design investigation.  Once areas of opportunity have been 

determined, they are then used to direct the ensuing design effort or to refocus 

the original design brief.   

5.3.1 Insights 
In order to develop the qualitative research into opportunities, insights based on 

the data needed to be uncovered.  Through the process of uncovering insights, 

the hidden meaning of the observation was made visible, as opposed to a loose 

collection of individual stories or actions.  This process helped this researcher 

to engage with the data to uncover unexpected behaviours as well as to 

perceive the research and project challenge from a different perspective (IDEO, 

1999).  The themes in this project, as mentioned previously, were inductively 

generated (an inductive analysis is data-driven, attempting to generate themes 

from the data, and not fit the data into a predetermined framework), with 

semantic themes drawn (semantic themes involve interpretation by the 

researcher on an explicit level, not attempting to understand the underlying 

ideas and assumptions that may form the data) (Braun and Clarke, 2006).  The 

process of converting the themes into insights, was an attempt where possible, 

to understand the underlying cause of the observed themes and actions. 

The following insights were generated by this researcher working as a designer 

and team leader within a small interdisciplinary team, including a second 

designer and an ergonomist.  All members of the team were familiar with the 

transcripts and thematic analysis generated as described in Chapter  3.  

Table  5-1 is a short extract pertaining to the insights generated concerning 
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primary heating systems and controls.  Please refer to Appendix G. Insights for 

the full table of developed insights. 

Theme Code Insight 

Primary 

Heating 

Systems and 

Controls 

M01 

 

 

 

 

M02 

 

 

M03 

 

 

M04 

 

 

M05 

 

M06 

 

M07 

Timers and programmers were not used by any tenants, finding 

them restrictive, redundant, and wasteful.  Tenants preferred to turn 

on/off the heating when required, often with a stay at home occupant 

in control.  Timers were only used to prevent pipes from freezing 

during extended away periods. 

The heating was physically turned on/off with either the switch 

directly on the boiler, or by setting the thermostat.  A desire for 

physical control. 

Control and use of the heating system related to perception of the 

fuel type and associated costs, as well as (often incorrect) heuristic 

perceptions of the appliance. 

Despite strong heuristics regards heating systems, there was a 

general lack of awareness as to the cost of electric appliances left 

on standby. 

Often the heating was set high to compensate for windows having 

been left open to circulate ‘fresh’ air. 

One tenant regularly adjusted the hot water temperature dependant 

on the task. 

The lack of control over the primary heating system can lead to 

frustration and inefficient practices, such as the use of additional 

heaters, the opening of windows, or the use of kettles to supplement 

water temperature. 

Table  5-1 Primary Heating Systems and Controls Insights 

5.3.2 Insights Matrix 
Once insights had been identified and coded (to ease the handling of such 

large quantities of data), it was necessary to determine which of those insights 

uncovered were of use in the context of this project.  As such, a process was 

required to broadly rank the insights based upon suitable criteria, which in this 

project, is driven by domestic energy consumption.  The Insights Matrix 

provides two axes, frequency of occurrence (self-reported commonality across 

the case study as reported in Chapter  4) and estimated domestic energy impact 

(divided into ‘low’ and ‘high’ categories determined by subjective relative 

comparison, and relates to the insights estimated direct impact upon domestic 

energy consumption). 
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Insights from the Merthyr Tydfil site were placed within this matrix, again by the 

interdisciplinary insights team, with relevant insights regrouped accordingly, as 

shown in Figure  5-3.   

 

Figure  5-3 Constructing the Insights Matrix 

The priorities of the insights were then grouped as thus: a common occurrence 

with a high estimated domestic energy impact was of a high priority.  Common 

occurrences with a low estimated domestic energy impact were categorised as 

medium priority, as were uncommon occurrences with a high estimated 

domestic energy impact; and uncommon occurrences with a low estimated 

energy impact were categorised as being of low priority.  Any additional insights 

pertaining to issues such as aesthetics, which may not have had a direct impact 

upon energy consumption but were of relevance to the project, were not 

included in this matrix, but retained to inform the design process.   

In order to supplement the ranking process, various data sets were related to 

by the team, however this was to provide an idea of relative positioning and 

prompt discussion rather than absolute values, and furthermore, to negate 
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some of the issues within this study and other quantitative studies in general 

(discussed further in section  1.2 and section  5.5.1).  An example of such a data 

reference used by the team, the estimated energy impact of leaving an office 

window open overnight with the heating on from the Carbon Trust, is provided 

in Table  5-2.  Cost calculations were made based on the energy plans available 

to the Merthyr Tydfil tenants. 

"A typical window left open overnight in winter will waste enough energy to drive a small 
car over 35 miles" 
Assumes vehicle performance of 10 miles/litre (= 45mpg).  

Calorific value of petrol = 32MJ/litre = 8.9kWh i.e. 1.12 miles/kWh 

Assume the effect of the open window is air movement at an average velocity equivalent to 0.1 

m/s perpendicular to the facade across its cross sectional area. 

For a window with an openable area of 1 sq.m this is equivalent to an air change rate of 

0.1cu.m/s, = 360 cu.m/hr. 

density of air = 1kg/cu.m, heat capacity = 1200 J/kg/°C, so for outside air at 0°C displacing 

internal air at an average temperature of 16°C. 

Heat loss per hour = 360 X 1 X 1200 X 16 = 6,912,000 J = 1.92 kWh. 

Assume window remains open for 14 hours, 27kWh 

Assuming a boiler efficiency of 80% gas fuel requirement is 27/.8 = 33.75 kWh 

1.12 * 33.75 = 37.8 miles (Carbon Trust, 2011) 

- 

After passing the 33.75kWh through a typical energy plan available to the case study 

participants, the E.ON energy plan with prepayment, 8.573/kWh (first 2680kWh) equates to a 

total cost of £2.89 per night. 
Table  5-2 Carbon Trust Energy Calculations (edited from original) (Carbon Trust, 2011) 

The purpose of the insights matrix was not to provide a definite and accurate 

hierarchical rank of those insights that are most energy consumptive, such as 

what could be achieved through Elias’ (2011) Prioritisation Methodology 

(please refer to section  2.6), but rather to reduce the insights down to a group 

of manageable and relevant insights within the parameters of this project (a 

focus on technological feasibility, energy reduction, comfort and behaviour 

change, echoing the evaluation criteria later developed in Chapter  6), ready for 

development into opportunity statements.  

The following diagram, Figure  5-4, is the finalised version of the insights matrix.  

The groupings highlighted in bold represent primary areas of high priority 



Design Intervention Development 

146 

interest, based on relative estimated domestic energy impact and occurrence, 

and specific to this doctoral research, the provision of an interesting and novel 

energy and comfort insight and behaviour for further study.  The high impact 

and high occurrence insight M50 (winter fuel payments), for example, was not 

selected for further consideration within this research as the behaviour was 

deemed too limited, in other words it lacked the socio-historic depth for an 

interesting and novel case study.  Group M39, M40 and M42 was not selected, 

as any physical modification of prepayment meter systems would fall outside of 

the feasibility of this study in terms of development duration required to meet 

relevant standards.  Insights M03, M17, M20 and M22 related to historic and 

socially created energy perceptions and product heuristics.  Whilst an 

interesting group of insights, they were not anchored to any one specific 

behaviour or interaction and therefore not taken forwards as a distinct 

opportunity, however, its analysis has been useful in understanding the 

overarching behaviour (and potential future behaviours) of the users. 

Groupings within a ‘box’ are all of an equal weighting, presenting only four 

relative options (high and uncommon, low and uncommon, high and common, 

and finally low and common). 
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Figure  5-4 Insights Matrix 

In brief, the bold categories of interest represent the following groups of insights 

(please refer to Appendix G. Insights for the full table of developed insights). 

High energy impact and of interest (but uncommon): 

• the use of electric fans and how smoking dictates room and window 

usage (M27 and M70),  

High energy impact, common and of interest: 

• the control (or lack of control) of the tenant over the heating system and 

its components (M01, M02, M07 and M32), 

• methods for regulating fresh air and controlling (M05, M12 and M67), 
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• the use of clothing to regulate thermal comfort (M26 and M28), 

• the difficulties and differences occurring from multiple occupancy and 

ailments (M33, M51, M52, M72 and M73),  

Common and of interest (but low energy impact): 

• tenant issues with draughts and attempting their own DIY repairs (M08, 

M11 and M16), 

• the use of comfort artefacts (M24 and M53),  

• and the use of lights and in particular, the use of the fireplace for visual 

comfort (M35, M36, M37, M48 and M86). 

5.3.3 Opportunity Statements 
Following the distilling of the insights into groups relevant to the projects 

objectives, these insight groupings formed the basis from which abstract 

opportunity statements were drawn.  An opportunity is a redefinition of the need 

from the observed, into a future facing challenge within the context of the 

project (IDEO, 1999); the tipping point of the design process from reflective 

analysis and definition of the problems, to the definition and creation of 

solutions. 

As an interdisciplinary team, opportunity statements were generated on post-it 

notes under each insight, as shown in Figure  5-5.  Each statement began with 

‘How might we...’ [HMW...], with at least fifteen minutes spent on each insight 

group.  Opportunities in this context were constructed based on the overarching 

project question: how might we reduce domestic energy consumption with 

feedback whilst maintaining the occupants comfort levels?  It is also important 

to consider that at that stage no idea was a bad idea and that the key to this 

method was quantity not quality.  Furthermore, these areas of opportunity 

statements were not solutions, but provided a step between the insights 

generated and the brainstorming of new solutions (IDEO, 1999). 
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Figure  5-5 Constructing the Opportunity Statements 

Following the identification of groupings, assigned with high and medium 

priorities for research, the insights team constructed opportunity statements, of 

which Table  5-3 is an extract of the opportunity statements related to the 

pursuit of fresh air.  For the full table of generated opportunity statements 

please refer to Appendix H. Opportunity Statements. 
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Insight Group Opportunity Statement(s) 

High Priority 

M05. Often the heating was set high to 

compensate for windows having been 

left open to circulate ‘fresh’ air. 

M12.  The attainment of ‘fresh’ air is equally 

or more so of importance than thermal 

comfort, with several observed 

practices involving the use of opening 

windows. 

M67.  Differing routines and preferences with 

regards humidity control (especially 

relating to the control of mould growth, 

and in one case, to aide sinuses). 

 

 

How might we... 

...display/link health to ‘open window’ action 

(e.g. health to air quality or temperature)? 

...alter expectations of the effects from opening 

windows? 

...integrate air movement and temperature with 

a physical action (e.g. housework)? 

...provide fresh air without opening windows? 

...control humidity/mould without opening 

windows? 

...make apparent the link between window use 

and energy? 

...display to the tenant comparisons between 

the use of windows and alternatives (e.g. 

fans)? 

...reduce or quantify to the tenants the ‘actual’ 

need for fresh air? 

...stop the tenant from going from one extreme 

(open windows) to other extreme (heating on)? 

...control the balance of indoor and outdoor 

temperatures? 

...control the air flow across the entire house? 

...create a modern day barometer? 

Table  5-3 Opportunity Statements Related to the Pursuit of Fresh Air 

5.3.4 Refocusing the Design Brief 
With several opportunities identified for each insight, the opportunities were 

used to refocus the area of research interest, with multiple opportunities 

consolidated into succinct developed statements of interest.  As a starting point, 

several statements were created, each consisting of a short paragraph.  Once 

several statements had been identified, and clarity and purpose had been 

compared against the thematic analysis and the research objectives, it was 

necessary to reduce the number of statements into an amount suitable for 

design development within the parameters of this project.  Those that could be 

consolidated into statements that were more substantial were combined, 

ensuring that the scope of each statement of research interest fitted within the 

broad scope of the project (again, a focus on technological feasibility, energy 
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reduction, comfort and behaviour change).  It is important to consider that these 

proto-briefs should not constrain innovative design thinking, although they did 

outline the inflexible parameters and project objectives in which they operated 

(Phillips, 2004).  Figure  5-6 illustrates a section of the results of this method of 

transforming opportunities, with a consolidation process of amalgamating minor 

opportunities as far as was deemed feasible, to form several major opportunity 

statements of interest.   

 

Figure  5-6 A Section of the Opportunity Consolidation Diagram 

For the full illustration of the results of this method, please refer to Appendix I. 

Opportunity Consolidation Diagram.  This method was carried out by the 

interdisciplinary insights team led by this researcher, with the opportunity 

statement post-it notes, as previously generated, moved around a wall and 

finally being fixed in position and linked together with lengths of string. 
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Table  5-4 presents the consolidated statements of research interest, with 

statement C selected by this researcher as the opportunity and direction to 

pursue: 

A. 

Working within the constraints of the current heating system, develop a means by which to 

facilitate a greater understanding by the tenant of the technology and its control mechanisms in 

order to maximise its management for comfort, whilst reducing domestic energy consumption.  

Opportunities may include: changing the tenants understanding and mental model of the 

heating system; the facilitation of experiential learning or a mechanism for information retention 

by the tenant; or through the tenants interface with ‘knowledge providers’ and technology 

installers. 

B. 

Working within the constraints of the current heating system, develop a control system that 

affords to the tenant a better understanding of the technology and its control mechanisms in 

order to maximise its management for comfort, whilst reducing domestic energy consumption 

through feedback on consequences of choice.  Opportunities may include: changing the 

tenants understanding and mental model of heating systems, or conversely, changing 

operation mechanisms in line with current tenant mental models of heating systems; or the 

facilitation of experiential learning; or the exploration of feedback mechanisms. 

C. 

Recognising that the pursuit of ‘fresh air’ can have an effect on the efficiency of a heating 

system, explore mechanisms through which to convey to the tenant the consequences of their 

fresh air attainment.  By feeding back the consequences of choice on the heating system, 

reduce the tenants’ domestic energy consumption whilst allowing for the maintaining of comfort 

standards. 

D. 

Alter the tenants clothing behaviour through a redefining of the relationships between domestic 

clothing, heating system energy use, and indoor/outdoor temperatures; to reduce domestic 

energy consumption whilst maintaining occupant comfort. 

E. 

Using low energy comfort artefacts, generate a new tenant routine that will reduce the tenants 

overall domestic energy expenditure; whilst also considering gender and health related issues 

and parameters. 
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F. 

Investigate how the current system of venting currently required by housing standards can be 

redesigned and synergised with behaviours related to the attainment of fresh air.  This should 

be explored in parallel with improving tenants understanding and control of their heating 

system, so to prevent abuse and unacceptable closures, maintain tenant comfort, and realise 

an overall decrease in domestic heating system energy consumption. 

G. 

Enable tenants to be able to locate draughts within their domestic environment, and provide 

appropriate guidance or solutions on how to resolve the draught source issue, so to reduce the 

burden on the heating system and improve tenant comfort. 

H. 

Consider how the primary heating system controls and efficiency requirements may be 

synergised with behaviours related to the attainment of fresh air and required ventilation, in 

order to provide an overall reduction in domestic energy consumption whilst maintaining 

tenants comfort. 

I. 

Recognising that the living room fire place has become a visual comfort product only and not a 

thermal output and control device as originally conceived, re-contextualise this focal point as a 

feedback mechanism to inform the tenant as to the effects of their heating system control 

decisions; thereby reducing energy consumption, whilst maintaining the tenants expected 

visual and thermal comfort. 

J. 

Recognising that in multiple occupancy homes there can be disparity in tenant location and 

activity as well as thermal comfort expectations, investigate how the domestic consumption of 

these diverse energy interactions can be individually reduced or combined throughout the 

household in order to reduce overall domestic energy use, whilst maintaining each individual 

tenants comfort expectation. 

Table  5-4 Consolidated Statements of Research Interest 

Statement C was selected by this researcher for several reasons.  The impact 

of the behaviour clearly has a detrimental effect on the user’s domestic energy 

consumption, as illustrated previously in Table  5-2.  Although it cannot be 

qualified as the largest in terms of impact, it still represents a significant impact 

upon user resources that requires further investigation.  In addition, the concept 

of fresh air is extensively and rigorously pursued across the case study sample, 

and furthermore, appears to be a deeply entrenched habitual action with 

complex socio-historical antecedents; the selection of fresh air would make for 

an interesting and novel study, exploring and pushing the limitations of user 

agentive feedback intervention.  Finally, statement C affords potential feasibility 
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in producing feedback interventions to change the behavioural problem within 

the given project limitations of time period, budget and other project constraints 

(such as the tenants built environment, heating systems and other 

technologies).   

Statements such as B, F and H for example, would likely require lengthy and 

costly retro fitting of solutions within the technological systems that are already 

integrated within the participant’s built environment.  The installation of 

concepts would likely require extensive external support, such as by qualified 

gas equipment installers, and be heavily regulated by British and international 

standards.  This would push the cost and development time required beyond 

what is feasible within this doctoral study.  As a side note, it would have been 

interesting to tailor the ineffective control mechanisms to the mental models 

that already exist in order to realise or change cognitive heuristics, although a 

change in control mechanisms by their very nature would more likely be 

achieved through antecedent strategies such as persuasive technology than 

feedback intervention.   

Although statements D and E were of interest, the decision was made to focus 

specifically on feedback intervention through product design, due to the skill set 

and experience of the researcher, rather than the exploration of comfort 

artefacts, clothing and textiles.  However, it is recognised that design directions 

may have yielded interesting opportunities for individual, transient feedback 

devices.   

Statement I was also of particular interest, and if it were not for the estimated 

energy impact of visual comfort behaviours being less than that of opening 

windows, this would have been a very interesting behaviour to pursue.  The 

very concept of the light of a fire being a natural feedback mechanism that has 

become disentangled and disassociated from its original function over time, is 

certainly very interesting, and would have made for a novel case study and 

feedback intervention.  

Finally, components of some of the other statements, such as facilitating ‘a 

greater understanding by the tenant of the technology and its control 

mechanisms’ (statement A), and exploring the impact of ‘multiple occupancy’ 
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(statement J) although not explicitly pursued individually, were folded into 

consideration during the conceptual development of solutions for statement C 

(please refer to section  5.4). 

The following table (Table  5-5) expands on the consolidated statement of 

research interest to provide a concise brief and specification for designing the 

behaviour change intervention.  The brief itself is articulated in terms of 

targeted behaviour for change and the behaviour change strategy to be 

employed, followed by the objective of the targeted behaviour change.  The 

specification is presented in reference to the extensive literature review 

(Chapter  2) and research that formed the control, comfort and energy in context 

study (within Chapter  3 and Chapter  4). 
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Behaviour Change Brief: 
To change the behaviour of opening windows with the heating system active using feedback, in 

order to achieve a reduction in domestic energy consumption whilst maintaining comfort. 

 

Specification: 
Targeted Behaviour – The targeted behaviour is the opening of windows with the heating 

system active, a behaviour observed during the ‘understand and specify the context and user’ 

phase of the Design Intervention Process.  Data on the observed behaviour was collected 

through contextual interviews and guided tours; analysed in detail through thematic analysis.  

For supporting information and discussion with regards the self-reported enactment of this 

behaviour by the user in context, refer to section  4.2 and section  4.3. 

 

Behaviour Change Strategy – The selected behaviour change mechanism (or Design for 

Sustainable Behaviour strategy) is feedback intervention.  Feedback will provide a performance 

indicator illustrating the impact of the enacted targeted behaviour to the user, in order for the 

user to cognitively associate the targeted behaviour with its consequences.  The rationale for 

the selection of feedback intervention is discussed in section  1.2.  Refer to section  2.5 for an 

extensive list of feedback design considerations.   

 

Objective of Targeted Behaviour Change – The objective of changing the targeted behaviour is 

to realise a more sustainable consumption of domestic energy by the defined user within the 

defined context.  This is to be achieved by a user-agentive reduction in the opening of windows 

with the heating system active, motivated by the users association of the targeted behaviour 

with its consequences.  Comfort levels, as defined by the user (prefer to section  4.2 and 

section  4.3) should be maintained. 

 

User and Context – The users are social housing tenants, situated within the town of Merthyr 

Tydfil, Wales.  For supporting information concerning the social and geographical context of 

Merthyr Tydfil, please refer to section  3.4.  For an extensive definition of the parameters of the 

users, including household composition, refer to section  3.7.  For an extensive definition of the 

built environment, including built form, built age, heating system type and metering and tariff 

schemes, refer to section  3.7.  For supporting information and discussion with regards the 

user’s intentions to consume, their habits and facilitating conditions, in reference to comfort and 

energy, refer to section  4.2 and section  4.3.  Further supporting material is available in the form 

of photographic and schematic layout reference sheets for each users home, found in Appendix 

E. 

Table  5-5 Behaviour Change Brief and Specification 
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5.4 Designing the Intervention 
The design phase is the point in the design process in which the designer 

creatively frames and explores the solution space, rapidly generating and 

converging a breadth of concepts in response to an ill-defined problem (the 

brief) (Cross, 2007, Cross, 2010).  As the following sections will illustrate, within 

this doctoral research the design phase of the intervention design process can 

be presented as four elements; expanding the context and user understanding, 

the generation of solutions, the selection and development of solutions, and 

finally the prototyping of a solution.  Although discussed sequentially, parallel 

action does occur between these activities, for example, developing the context 

and user understanding was engaged in concurrently with the generation of 

solutions. 

5.4.1 Expanding Context and User Understanding - Comfort Parameters 
With the direction determined, literature pertaining to comfort, and in particular 

to the pursuit of fresh air, was reviewed; expanding upon the position of comfort 

as stated in the Research Context (section  1.1) and developing the 

understanding of underlying causes of the insights generated from the thematic 

analysis; a process also termed as problem framing (Cross, 2007). 

In brief, the pursuit of thermal neutrality (Fanger, 1970) in the built environment 

has positioned domestic comfort on an unsustainable course (Chappells and 

Shove, 2005), defining comfort through energy intensive comfort conditions 

(Shove, 2003) with inhabitants situated as passive recipients of their 

environmental context (Cole et al., 2008).  However, as Shove (2008) and 

Chappells and Shove (2004, 2005) discuss, comfort is not a static and narrowly 

defined physiological manifestation, rather it is a dynamic entity, derived from 

interplays between the individual and their context.  The following diagram, 

Figure  5-7, summarises and builds upon this review of pertinent comfort 

literature, presenting a combination of the principles of adaptive comfort with a 

systemic approach towards sustainable comfort in the built environment; 

focussed specifically on the pursuit of fresh air and the control of windows 

(Nicol and Humphreys, 2002, Bluyssen, 2009, Hauge, 2010). 
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Figure  5-7 Adaptive Comfort as Related to Temperature and Indoor Air Quality (with examples) 

A key theoretical component to understanding this diagram is derived from the 

adaptive principle, an approach to thermal comfort and the built environment 

that posits: “if a change occurs such as to produce discomfort, people react in 

ways which tend to restore their comfort” (Nicol and Humphreys, 2002, P.564).  

The level of comfort that an individual experiences is intrinsically linked to their 

ability to mitigate discomfort experienced within their environment through 

adaption.  This has been represented in Figure  5-7 as a series of prompts, 

points in time in which the level of discomfort has been registered by the 

individual, motivating action to adapt.  Expanding the notion of comfort (and 

health) beyond thermal quality, Bluyssen (2009, 2010) categorises three 

additional, and inextricably linked, components of indoor environmental quality 

[IEQ]; namely lighting, acoustical and air quality.  Each environmental factor 
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composes a list of parameters and control strategies, with a focus on thermal 

comfort and air quality (those components most relevant to actions related to 

controlling the heating system and the pursuit of fresh air) in Figure  5-7.  The 

control strategies follow recognition of the prompt, and provide the facilitating 

conditions through which comfort (or more precisely, discomfort) can be 

controlled, thus generating acceptable parameters in IEQ, and by extension, 

comfort.   

Exploring this approach with an example, moving from an acceptable comfort 

parameter of temperature an individual may become too hot.  This may result in 

the window being opened (possibly with the heating system active) or result in 

an alternative control action of turning the heating down, returning the individual 

back to an acceptable parameter of comfort.  With the window open or the 

heating system off, the individual may become too cold, resulting in a control 

action of turning the heating system on or up, with or without the controlling 

action of closing the window; the cycle then repeats.  A cyclic process of 

discomfort management clearly has traction, echoing what was discussed in 

the thematic analysis, “…tonight now I will put the heating on when it goes a bit 

chilly in the evening” (CA02F) and “…and if it’s a nice day when we’re going out 

I leave the bedroom window open for the fresh air and I walk in and run straight 

up the stairs because it’s like an icebox then…” (CA05F). 

Interestingly, prompts may be mitigated through habitual behaviour.  Hauge 

(2010) when considering the sensory aspects or fresh air discusses airing out, 

an aspect prevalent in the thematic analysis when pursuing fresh air.  Airing 

out, according to Hauge (2010),  may be a socio-culturally determined pursuit, 

driven by a fear of water damage and poor air quality, or may be  taboo and 

linked to the notion of fresh air in and bad air out (in particular in the bathroom).  

Airing out may also be physically determined through sensory means, such as 

the recognition of fragrances, the desire to construct individual comfort zones or 

the enjoyment of breezes.  Finally, airing out may be habitual and ritualised, 

frequently repeated and seasonally determined. Again, this habitual element 

was discussed clearly during the contextual interviews and guided tours, 

yielding statements such as “…always in the morning I open the windows to let 
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some air in…but I don’t open them for long in the winter but I mean bedrooms 

got to have a bit of air haven’t they…” (CA02F). 

The solutions that were generated following this expansion of researcher’s 

knowledge and understanding are presented in the following section. 

5.4.2 Generation of Solutions 
With the context and user understanding expanded, the next step was to 

explore concepts that would conclude with a viable solution to the problem; 

resulting in a feedback intervention prototype that would reduce domestic 

energy consumption whilst maintaining inhabitant defined comfort levels, 

(research objective 3, section  1.4). 

The approach used to move from the opportunities identified to the formalising 

of knowledge towards the production of design solutions that meet user 

requirements (British Standards Institution, 2010) can generally be described 

overall as being convergent (Pugh, 1990, Jones, 1992, Cross, 2010), with 

interdisciplinary concept selection (convergence) at the apex of each 

generative design activity (divergence) working towards a single solution.  

 

Figure  5-8 The Convergent Design Process as defined by Cross (2010) 

The features of divergent activity, as noted by Jones (1992), predominately 

revolve around the expansion of the solution space, with boundaries made 

flexible to accommodate the developing of the problem in parallel to the finding 

of the solution. Crucially, within divergent activity the designer frees themselves 

of preconceived solutions and evaluation or criticism is prohibited (Jones, 1992, 
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Aspelund, 2010, Cross, 2010).  Convergent activity is typified through critical 

reduction, as embodied through evaluation and design detailing activities 

(Jones, 1992, Cross, 2010).   

The starting point for divergent design activity within this intervention design 

phase was a brainstorming of the ways in which the energy consuming effects 

of the heating system and window use could be represented in terms of 

sensory impact upon the individual.  The initial brainstorming maps can be 

found in Appendix J. Initial Brainstorming Activity; two illustrative examples of 

mapped routes include:  

• How to convey radiator use? > air quality > “smell” of radiator? > burning 

dust smell when heating is too high? 

• How to convey window use? > physical movement > relate energy use 

to human body? > too much energy used > out of breath?  

Brainstorming as an activity affords a particularly apt platform on which to build 

the design activity, with several features, such as rapid expansion of the 

solution space (quantity, not quality), and lack of any form of evaluation, 

including criticism (Aspelund, 2010, Cross, 2010), resonating with the key 

features of divergent activity (Jones, 1992).  Inspired by a creative mapping of 

words, feedback considerations were introduced and contemplated in 

combination with some of the key emerging ideas that offered interesting 

directions within the solution space.  Following this consideration of what 

feedback criteria would be appropriate to realise words into more developed 

ideas, the motivation, intent, method and outcomes of each potential direction 

were reflected on and embodied through explorative thumbnail sketches of 

intervention solutions.  These sketches were amalgamated by this researcher 

into six core concepts, as presented below. 

The motivation behind all six concepts was essentially the same and can be 

disentangled into three key drivers.  The first motivator was legislative and is 

enshrined within the Climate Change Act 2008 (UK Parliament of the United 

Kingdom, 2008), which sets the initial target of reducing UK greenhouse gases 

by up to and including 2020 to 34% lower than the 1990 recorded baseline (UK 

Parliament of the United Kingdom, 2009).  This work aims to contribute towards 
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attaining this set government target.  The second key motivator was driven by 

the CCC project to which this doctoral research is attached.  The primary goal 

of the interdisciplinary project was to reduce domestic energy consumption by 

20% through the user-centred design of feedback interventions (EPSRC, 

2010).  This doctoral research, despite not being obligated towards achieving 

the CCC projects specific aim and objectives, still was motivated towards 

contributing to the CCC projects findings.  Finally, the third motivator was the 

design of these concepts, and by extension the completion of this research, for 

academic reasons; contributing towards this researcher’s doctoral thesis in 

partial fulfilment of the requirements for the award of Doctor of Philosophy of 

Loughborough University.  The intention of the designer, this researcher, was 

also consistent across the six concepts; to reduce domestic energy 

consumption whilst maintaining the inhabitants defined levels of comfort.  

Although the motivation and intent was uniform across the generated concepts, 

the methods employed through the design decisions taken and the potential 

outcomes of each intervention were not, despite all the concepts fitting within 

the category of feedback intervention.  The six concepts are described in terms 

of these two variables; method and potential outcomes. 

Concept One (Figure  5-9 and Figure  5-10) was an ambient light that would 

have been attached to the radiator, fully removable and not connected to the 

mains electricity supply or central heating system.  The light would have 

indicated to the tenant when their heating system was on or off, as well as 

roughly how long it would have been on.  This would have been supplemented 

with a sensor on the window that would have changed the ambient light to a 

warning light should the window have been opened in parallel to the heating 

being on.  A ‘click’ would have sounded to indicate when a change of state had 

occurred.  
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Figure  5-9 Concept One, Board One: Energy Feedback Device 

 

Figure  5-10 Concept One, Board Two: Energy Feedback Device 
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The aim of Concept Two (Figure  5-11 and Figure  5-12) was to provide a link 

between the internal and external environments, to better inform the tenants as 

to the consequences of their heating decisions.  Several iterations were 

explored, including the concept of sharing ‘your’ data with outside passing 

society as well as being able to relate the appropriateness of your indoor 

environment to that of the outdoor environment.  The central concept to this 

intervention was visibility of information to facilitate reflection on social factors 

(norms, roles and self-concept); displaying energy consumption and 

environmental conditions to both the tenant and to the wider world. 

 

Figure  5-11 Concept Two, Board One: Indoor/Outdoor Feedback Device 
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Figure  5-12 Concept Two, Board Two: Indoor/Outdoor Feedback Device 

Concept Three (Figure  5-13 and Figure  5-14) was a thermostatic radiator valve 

[TRV] intervention that changed colour to represent the temperature of the 

water flowing through the radiator (central heating system activity).  In addition, 

the display of colour would have changed pulse to indicate duration of activity, 

with a slow pulse indicating a short duration and a quick pulse representing an 

extended duration (although how ‘extended’ would be defined was not 

resolved).  The intervention would have automatically turned off the boiler after 

a set period, unless the top button was pressed to ‘accept’ the condition, and 

reset the time cycle.  An alternative shutdown concept focused on the pre-use 

consideration of the duration that the central heating system would have been 

required.  Set as a timer, the device would have counted down to zero and then 

remotely switched off the boiler.  The device would have vibrated to indicate 

milestone temporal and temperature changes, reinforced with a change in 

displayed colour. 



Design Intervention Development 

166 

 

Figure  5-13 Concept Three, Board One: Feedback and Shut Down Device 

 

Figure  5-14 Concept Three, Board Two: Feedback and Shut Down Device 
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Concept Four (Figure  5-15) focused on the delivery mode and medium of the 

feedback information; an exploration of alternative ways through which data 

could have been repackaged and presented for delivery beyond the text only 

LCD display smart meters and home energy monitors.  Alternatives included an 

analogue device akin to barometers and thermometers.  Other representations 

of data explored included comparisons to historical and social baselines, an 

authoritative scientific styling, and a ‘clock’ traffic light display to indicate energy 

use within different rooms.  Using such a format, it would be possible to not 

only display environmental information, such as temperature, humidity and 

barometric pressure, but could also be used to show external environmental 

data (to question the need for the heating system to be active or the window 

opened) or energy consumption, across the household or specific devices. 

 

Figure  5-15 Concept Four: ‘Traditional’ Feedback 

Concept Five (Figure  5-16) was a device that replicated the effects of 

temperature, humidity, and air quality in a biosymbiotic package.  Building upon 

the mechanical media as presented in Concept Four, this concept pushed the 

solution space to explore how information could be transmitted using 

biomimetic movement to react to benchmarked comfort conditions.  The device 
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in effect would be trained by the tenant to benchmark his or her own unique 

environmental preferences and to illustrate any deviation from that.  The 

feedback medium goes beyond the use of lights to include mechanical 

feedback, including vibrating and movement to illustrate a change in state. 

 

Figure  5-16 Concept Five: Symbiotic Feedback Device 

The aim of Concept Six (Figure  5-17) was to provide an ambient light reward 

for energy efficient balancing of environmental parameters.  Attached by sensor 

to the window and radiator, the quality of light would serve as the ambient 

medium.  Rather than just illustrating a change in colour, a common feature of 

feedback mechanisms, this device would explore other qualities of light such as 

brightness and projection in order to form cognitive associations between 

actions and consequences. 
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Figure  5-17 Concept Six: Rewards and Feedback 

5.4.3 Concept Selection and Prototyping 
Following a period of rapid divergence, resulting in the generation of six core 

concepts, a phase of convergence was required in order to reduce the number 

of possible design directions in size.  This took the form of a critical review and 

evaluation of the six concepts by the wider interdisciplinary CCC project team 

(as defined in section  1.2), guided by the design brief and specification (REF).  

Questions asked, included: 

• Is the behaviour change strategy [feedback intervention] adequately 

designed for the user [social housing tenants] and context [social 

housing, Merthyr Tydfil]?  

• Is the objective of targeted behaviour change [sustainable consumption 

of domestic energy and maintaining of comfort through a behavioural 

reduction in the opening of windows with the heating system active] 

attainable?  To what extent can this objective be realised and is it 

ethical? 



Design Intervention Development 

170 

The following paragraphs briefly outline the most pertinent points raised from 

this review of the six feedback intervention concepts, discussed in ranked order 

of their ability to satisfy the brief and specification (starting with the best). 

In brief, the key feedback considerations of Concept One revolved around the 

ambient nature of the feedback, the location of the intervention and the metric 

selected.  The use of ambient light, it was proposed, would be easy to 

cognitively process by the tenant and facilitate implicit evaluation, so long as 

the light could be simply cognitively mapped to afford an ‘at a glance’ 

understanding.  Both the location of the feedback intervention, on the radiator 

itself, and the indicated radiator surface temperature, the metric, it was 

anticipated would help cement the bridge between action and effect.  The 

objective was to provide accessible, relatable and relevant feedback in line with 

the intentions and facilitating conditions of the tenant; to control their heating 

system, without waste, to understand and maintain the comfort of their family 

within the microenvironment (such as from the couch) which this concept 

achieves.  Ambient subliminal or supraliminal feedback was not deemed 

ethically appropriate due to its covert nature.  Anticipated potential outcomes 

included the tenant being able to understand and relate erroneous energy use 

prior to excessive discomfort (for example, too high a temperature from 

prolonged heating system use or the wasting of energy through having the 

heating system on with the window open).  It was also predictable that such a 

device would help family members to recognise and remember ad hoc 

decisions concerning heating system control use by the tenant or other 

household members.  A potential negative outcome may have occurred if the 

tenant perceived the ambient light and associated clicking as annoying or 

distracting, which due to its pervasive nature may have resulted in the 

intervention being removed, disabled or having features physically stifled by the 

tenant.  The simplicity of Concept One will make it relatively easy to prototype 

and to evaluate. 

Concept Three combined an automated mechanical intervention with feedback.  

The key metrics considered were duration of activity and temperature of the 

heating system, aiming to increase awareness and enable more responsible 

and considered use to reduce energy consumption.  Increasing physical 
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interaction with the heating system in parallel with feedback, it was hoped 

would help to build the connection between action and effect, removing the 

level of unconscious on/off automation generated through room thermostats.  

Increasing association between time and temperature may have enabled the 

tenant to optimise their comfort within that time period and also consider how 

their actions (such as leaving windows and doors open, and room thermostat 

and TRV settings) impacts upon the temperature/time unit.  A window open for 

thirty minutes with the heating on, for example, may foster an expectation of the 

room to be cooler at the end of the timeframe and to act accordingly.  

Introducing set prompted times and physical interaction would force the tenant 

to consider their actions and environment.  The location of the TRV device 

would also help to reinforce this relationship.  As a negative outcome, the 

intervention may not be suitable for those with physical difficulties (both building 

and human) accessing their TRVs on a regular basis, and may also lead to 

detrimental comfort conditions should the intervention turn off the heating 

system when the tenant is unaware.  The prototyping of Concept Three is likely 

to be much more complex than Concept One, due to the integration of the 

prototype with the heating system. 

The variables of Concept Six included brightness, colour (white or red to alert 

or mimic shame) and the position of light.  Inefficient use of the heating system, 

such as extended use, would result in an indication to be perceived by the 

tenant as a visual comfort penalty.  For example, gradually moving the location 

of the light source from inside the lampshade, where it would offer shielded 

light, to the outside, where it would become overt and create a distraction, 

would signal a scale between appropriate and inappropriate use.  The 

frequency of the change, in response to action and effect on environment would 

be vital to form the cognitive link required to interpret the ambient features, 

especially if used hot to explore change.  Over use of negative features, 

regardless of connection to action, would likely result in a negative attitude from 

the tenant towards the intervention and result in disconnection.  The aesthetics 

of such an intervention would also need to be developed in line with domestic 

interior trends, as the primary function of the device would be as a furnishing 

accessory.  In some respects, this concept is similar to Concept One, in that it 
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uses simple light configurations to indicate a state, however the feedback 

lighting mechanism in this concept is more emphatic, for ‘pleasure’ or ‘pain’.  An 

obvious flaw with this intervention, which limits its capacity to change 

behaviour, is that it will only be visible (unless the light features are further 

emphasised through brightness, colour or fluctuation) during the evening or 

night and not during the day or morning when the pursuit of fresh air is at its 

most vigorous. 

The symbiotic element of Concept Five was captured through the push button 

on the top of the device, which served as a baseline setting, allowing the tenant 

to select their own perfect parameters, i.e. when the comfort parameters were 

perfect for them, they would push the button to set the standard.  When the 

intervention would become too hot or cold in comparison to this self-defined 

standard, it would shiver; if the air quality was different to that desired, the body 

would change in clarity; and if the air was too wet or dry, it would have 

expanded or shrank correspondingly.  Exploring feedback beyond light and 

sound mediums would have been an interesting development not really 

discussed in current literature, especially in the exploring of opening windows 

with the heating on.  It also may have been portable, serving as a comparison 

companion when travelling between rooms.  It would have been interesting to 

explore the potential of two devices, attuned to two different tenant preferences, 

interacting in the same space.  However, although the device would maintain 

comfort as prescribed by the tenant, the initial standard itself may be excessive 

in its energy requirements thus perpetuating the consumptive cycle without 

affecting any meaningful reflection.  Although an interesting concept, the 

feasibility in prototyping within the constraints of this doctoral research 

effectively means that a full working prototype is unlikely to be realised. 

Concept Two explored several metrics and presentation modes, including the 

use of bar charts, instant numerical readings, a ‘word cloud’ illustrating energy 

usage by room or a large internal and external ambient light system to project 

to the outside world the tenants’ energy usage.  Through exploring metrics, it 

was decided that the display would have to be flexible enough to display the 

metric appropriate to the individual intentions and capabilities of the tenant, 

however it would be unlikely that any specific metric selected would be relevant 
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to all tenants in a multiple occupancy  home or the outsider (society).  Possible 

outcomes could have seen the tenant, for example, in the height of winter 

reflecting upon a display of lower outdoor temperature and by extension would 

be more accepting of a lower internal temperature thereby breaking thermal 

monotony and lowering energy consumption.  Alternatively, the device could 

have been used for those outside of the home to generate an informed 

understanding of the household’s energy or comfort requirements, leading to a 

reduction in the outsiders own consumption or inducing a form of social 

pressure upon the tenants to reduce.  Whilst the user and context study has 

illustrated that tenants were aware of their neighbours actions, such a 

mechanism is unlikely to induce enough pressure to change entrenched habits.  

Even if the social pressure was high enough, it would likely be undesirable for 

the tenant and/or may lead to a reduction of energy consumption or comfort to 

levels detrimental to the tenant.  Outsiders may exhibit rebound effects and 

increase consumption if by comparison their consumption is lower.  If the 

device also displayed information in real time, it may be used by outsiders to 

determine if the tenants are home, possibly facilitating crime. 

Traditionally, devices such as Concept Four would be ornate and indicated 

predicted weather conditions and environmental metrics on a linear scale 

through a mechanical medium.  Such formats traditionally allowed the individual 

to benchmark the information against the relevant spectrum (such as between 

‘fair’ and ‘rain’).  By facilitating such benchmarking, the relativity of actions and 

its effects could be understood and situated for evaluation against intentions.  

Using an aesthetically recognised format may have increased the acceptance 

of the device within the domestic location.  However, and as was noted in a 

guided tour (CA05), these interventions may be considered more ornamental 

than recognised as a source of useful information, with initial interest eventually 

subsiding and relegating the device to background aesthetics.  Therefore, it is 

unlikely that such an intervention would realise any change in behaviour and 

reach the objectives of the brief. 

In conclusion of this review, Concept One and Concept Three (specifically the 

alternative shutdown concept) were selected as most befitting of this criteria 

and developed further (Appendix K. Advanced Concepts).  Subsequently 
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Concept One, following a brief period of further development, became the 

single direction determined through which subsequent theory and evaluation 

methods could be applied and tested towards the completion of this research’s 

aim and objectives (due to project timeframes and limited resources).  

Following this decision, the level of design detailing and prototype fidelity was 

established.    

In brief, the aim of the developed Concept One was to feedback to the tenant 

the status of their heating system in tandem with the status of their windows, so 

to convey to the tenant the energy consequences of their behaviour.  This was 

achieved by the recording of two input variables; the radiators status (radiator 

surface temperature) as well as windows status (open or closed).  Feedback 

would be provided in the form of two output mechanisms: light (colour) and 

sound (click).  A third variable was discussed, illustrating the duration of 

radiator surface temperature activity through a biomimetic pulsing of the light, 

with a more rapid fluctuation depicting a longer period of activity (as if ‘out of 

breath’) to raise awareness and prompt action.  During prototyping the pulse 

mechanism was dropped, as it was considered that for the purposes of the 

evaluation it would be difficult to disentangle and attribute the effects of multiple 

feedback indicators within a single intervention.   

As the initial surface temperature of the radiator increased, the light located 

within the base of the radiator would activate and change colour depending on 

the temperature.  As the light moves between temperature categories, the 

feedback device that provides the light, would also click, to indicate a change of 

state (replicating the sound of a gas central heating boiler turning on).  If a 

window were opened in tandem with a detected increase in radiator surface 

temperature, the light colour corresponding to temperature would immediately 

display a warning light, to indicate waste.  If the window were closed, the scales 

would immediately return to the pre-open window state.  If the radiators began 

to cool, the colour change due to temperature would also begin to regress.  If a 

window were opened with no initial surface temperature activation, then no 

feedback would be required or provided, as there would be no conflict in energy 

usage. 
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The temperature indicating the shift from activated temperature range through 

to warm/hot would be set at 43°C.  This temperature is set based on the 

maximum safe surface temperature recommended for premises where 

occupants are deemed to be at risk (such as sheltered accommodation) (NHS 

Estates, 1998).  This figure was derived at based on the skins burn time 

response in relation to temperature exposure, and would seem to be an apt 

temperature at which to indicate a change in temperature categories (i.e. safe 

and activating to non-safe and activated). 

When considering the colour of the lights, it was important to determine what 

the light colours were meant to represent.  Did they represent a scale of energy 

use, radiator temperature, a comment on optimal function, or something else?  

Current research into ambient feedback devices suggests that if the feedback 

offered is too ambiguous and lacks any distinguishable and interpretable 

features, the feedback would not be easy to cognitive map by the individual 

(Fitzpatrick and Smith, 2009).  Considering the location of the device as being 

on a heat source device, it would make sense to frame the feedback content 

offered in relation to the temperature of the heat provided by this device, with 

the frequency of update being immediate.  The two feedback categories of 

activating-to-warm, and warm-to-hot, should therefore visually represent the 

temperature ranges to which they correspond.  The feedback category of 

activated-to-hot in parallel to the opening of windows (or waste) is more 

complicated as it is not a specific heat category, but may be considered a 

warning.  Such feedback should therefore need to be cognitively accepted as 

being a warning of an inappropriate action by the individual.  The intention for 

the activating-to-warm category was to indicate to the individual that the heating 

system was on, without presenting any information bias (regards acceptability 

or unacceptability of use) and fitting in aesthetically with the location to increase 

acceptance.  A neutral hue such as white would likely be acceptable as it was 

not overtly ‘cold’ or ‘hot’ in appearance.   If we further consider the black body 

scale, a scale that relates the temperature of an object to the level of light 

emitted, we could use an orange hue to represent the radiators warm-to-hot 

temperature (a match flame for example equates to 1,700k (Kodak, 2011), has 

an RGB colour value of 255,121,0 (Charity, 2001)), which may cognitively 



Design Intervention Development 

176 

match the users expectations of heat.  The historic association of red with 

danger and negative outcomes has been shown to motivate an individual 

towards avoidance of an object, event, or possibility.  The use of red in an 

achievement context alters cognitive function towards self-protection and 

anxiety therefore impairing performance.  This occurs without behavioural 

intention or conscious evaluation (Elliot et al., 2007, Elliot et al., 2009), suitable 

for a feedback intervention that would require implicit evaluation.  The use of 

red as the warning colour was therefore ideal, as it sub-consciously steers the 

individual away from this negative state of suboptimal energy use.  In the 

context of opening a window with the heating on (the red light colour activation 

mode), the anticipated avoidance behaviour motivated would simply be to close 

the window.  Table  5-6 presents the possible permutations in status available to 

the intervention prototype. 

Window  
Status 

Radiator Surface 
Temperature (°C)  

Intervention Prototype 
Light Status 

Closed <25 - 

Closed 25-43 White* 

Closed 43> Orange* 

Open <25 - 

Open 25-43 Red* 

Open 43> Red* 

*A click would denote a change between statuses 

Table  5-6 Intervention Prototype Statuses 

The prototype itself took the form of a low-fidelity part prototype or experience 

prototype (Buchenau and Suri, 2000, McClelland and Suri, 2005), forms of 

prototyping that can be used throughout the design phase to not only explore 

the specific physical functions of a design but also to explore the non-functional 

aspects. This definition of experience prototyping includes aspects such as the 

experiential understanding and impact that the prototype would require or 

imbue upon the user within context, key components required to explore and 

evaluate a behaviour changing design intervention as will be discussed further 

in Chapter  6.  The concept of experiential learning and the information it 

provides back to the designer in parallel with low-fidelity prototyping helps to 

drive the cyclical design process, providing the mechanisms through which to 
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effectively evaluate and iteratively develop the design of a behaviour changing 

intervention. 

The prototype accurately registered the temperature of the radiator using a self-

adhesive thermocouple and the status of the window with a magnetic reed 

switch (the magnet to make and break the circuit was attached the window, 

with the sensor attached to the window frame).  The information was fed back 

via three LEDs attached to the lower front of the radiator and through a piezo 

buzzer located within the main body of the prototype.  Aside from these 

specified functional aspects, the prototype itself was literally a black box device 

on rubber feet with a removable lid, designed to run on three AA batteries (for 

safety and to reduce the burden upon the tenant) and to not require 

complicated maintenance or retrofitting for easy installation and removal by the 

researcher.  The internal architecture of the prototype was developed so to 

allow for changes in specification and configuration, allowing extra sensors or 

ambient feedback modules (light, sound etc.) to be simply plugged in with 

minimal change required to the hardware and software package , as seen in 

Figure  5-18 (although this function was never ultimately utilised within this 

doctoral research).  

 

Figure  5-18 Intervention Prototype 
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A magnet was also produced as part of the prototype, designed to be affixed to 

the radiator near the LEDs to remind the tenant of their meaning, with a simple 

one-word description (Figure  5-19).  Once the association between the light 

and its meaning had been established, the instructive magnets could then be 

discarded by the tenant or reused around the home.  The magnets would be 

the only instructions that the tenants would receive aside from a verbal 

description during installation. 

 

Figure  5-19 Instruction Magnet 

5.5 Discussion 
This chapter has illustrated part of the intervention design process, from which 

a backwards facing understanding of behaviour and its corresponding action 

and effect, the psychological and physical manifestation of the problem, can be 

translated towards the design of future facing behavioural intervention concepts 

and prototypes - the solution.  This discussion begins with a reflection on the 

Intervention Opportunities phase, concluding with a discussion of the 

Intervention Design phase. 

5.5.1 Reflection on the Intervention Opportunities Phase 
Insights could be considered the platform on which a UCD design phase is 

developed, turning the vast amounts of complicated qualitative data gathered in 
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earlier phases towards a simplified design direction (Jones, 1992, IDEO, 1999, 

McClelland and Suri, 2005, Aspelund, 2010).  However, determining which 

insight or design direction to pursue is not clear.  A possible method as stated 

by Elias (2008b), and discussed elsewhere in this thesis (section  2.6), would be 

to combine limited qualitative data with quantitative data.  Elias proposes that 

products should be empirically evaluated and bad behaviour (or more 

specifically bad action, as the behavioural cause is not investigated) mitigated 

through redesign.  The issue with such a method is that it does not seek to 

understand or address the underlying causes that drove the action.  Changing 

the product without understanding the cause for action may lead to a negative 

impact upon both the user and the ways in which the product is used.  The 

insights matrix presented within this chapter offers a valid alternative, 

emphasising the need to understand the insights first and then secondly have 

an interdisciplinary team broadly categorise them by energy impact.  

Determining design direction through this method removes the need for lengthy 

and intrusive quantitative and qualitative monitoring of the actions of the user 

and allows subjective discussion to take place informed by the less invasive 

data collection techniques of interviews and guided tours.  In addition, this may 

be the first opportunity for many members of the interdisciplinary team to have 

access to, and the platform on which to discuss, the qualitative data, as not all 

team members would have been present or required during different phases of 

the research process.  Discussing the data in such a format helps to unveil 

additional insights (a human geographers perspective is likely to be different 

from a designers or a built environment engineer) as well as to foster ownership 

of the results of this evaluation throughout the team.  Although this method may 

be considered more subjective than monitoring the energy consumption of 

products (as Elias (2008b) proposes), it is also much more feasible and 

advantageous from three perspectives.  Firstly, it does not require all energy-

consuming devices to be monitored, which in itself is a complicated and 

extensive task, especially to monitor transient (such as phone chargers) or 

alternatively powered (such as battery) devices.  Secondly, some effects, such 

as the use of clothing or venting may not be measured or correlated in such 

conventional methods as electricity or gas consumption.  Finally, this method 

provides greater flexibility when trying to consider complicated compound 
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actions.  Insights into the compound use of windows and heating systems in 

addition to the effects of multiple occupancy, for example, would be 

complicated to disentangle through quantitative methods alone.   

Following a path of convergence and divergence, reflecting the design phase to 

come, the reduced number of insights were used to generate several forward 

facing opportunities that were then consolidated, with a single brief eventually 

derived at.  Multiple opportunities could have been taken forward straight into 

the design phase, with each explored to generate a myriad of design solutions 

(IDEO, 1999, McClelland and Suri, 2005), however, given the broad nature of 

the aim to reduce the tenants domestic energy consumption whilst maintaining 

their self-defined comfort standards, it was more practical to refocus the 

opportunities towards a specified direction.  This illustrates the complexity and 

size of the domestic energy consumption problem space, suggesting that 

projects that have shorter time spans or fewer resources may require a more 

limited scope or indication of direction prior to commencing the design process 

in order to reduce the number of front-end convergent/divergent iterations.  

If the remit of this thesis was expanded to include the selection of DfSB 

processes, it is likely that selection process would be contained within this 

section of the Intervention Opportunities phase, in order to provide direction to 

the ensuing Intervention Design phase.  Although it could be argued that the 

selection of DfSB processes is a design phase activity, in reality this selection 

process is more closely linked to the framing of the solution space rather than 

the designing activity within it and therefore would benefit from an 

interdisciplinary approach to offer selection guidance from a multitude of 

perspectives prior to design. 

To end this reflection on the Intervention Opportunities phase, it is worth 

discussing whether it was of value to augment the UCD process as stated by 

the British Standards Institution (2010) in section  5.2.  The value of the 

Intervention Opportunity phase can be seen in the quality and definition of the 

tenable opportunities generated at the end of this phase, which can all be 

transparently traced back through the data to the original data.  Without this, 

what could in total be considered a convergent phase, the forward facing 
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solution space would likely have been too large and too ill-defined for the 

designer to effectively explore without direction. 

5.5.2 Reflection on the Intervention Design Phase 
Moving on to discussing the Intervention Design phase, it is worth briefly 

discussing the value of expanding the context.  By expanding the 

understanding of the user and their context, the insights and underlying 

assumptions that formed the opportunity became clearer and to an extent, 

although this was not the principal intention, even became theoretically 

anchored and therefore relatable to other theories and cases studies.  

Positioning this theoretical understanding in such a format also opened 

avenues through which to explore and generate appropriate solutions.  For 

example, interventions could have been developed to offer feedback on the 

control mechanisms themselves, including the use of the heating system or 

windows, or interventions could have focussed on altering comfort parameters 

and how the individual defines and expects comfort to be provided.  

Interventions could also have focussed on illustrating or changing the prompts 

of discomfort or habitual behaviour, preventing excessive use of heating or 

cooling that directly or indirectly consume energy.  Expanding the insights that 

formed the chosen opportunity theoretically, the additional clarity helped to 

define the solution space and steer the direction of further possible 

opportunities and solutions within this space. 

The design of the intervention could be described as being a typically 

convergent process, prompting discussion on the impact of doctoral research 

time constraints on this process.  Due to time constraints, the development of 

Concept One became a priority as it was deemed the most feasible direction 

that promised the biggest impact with regards to the discussed criteria.  

Concept Three was eventually shelved after discussion with the CCC project 

team, converging the intervention design phase upon a single concept for user 

evaluation.  Typically, one would expect to evaluate multiple concepts at 

varying levels of detail and fidelity with the user as part of a UCD chain of 

divergent and convergent phases before pursuing (or becoming fixated) upon a 

single direction (Pugh, 1990, IDEO, 1999, McClelland and Suri, 2005, British 

Standards Institution, 2010).  Given, however, that the aim of this research was 
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to understand the processes and methods that generate and evaluate feedback 

interventions rather than the efficacy of an optimised design intervention per 

say, a single concept was selected as a truncated, linear direction through the 

concept design and development phase, for evaluation.  In short, 

understanding the methodological approach to solving the problem was more 

important than actually solving the problem. 

The quality of the concepts relied on this designer having a broad knowledge of 

both the problem (generated throughout Chapter  4) and of feedback 

considerations (generated in this doctoral research through the literature review 

on that very topic, section  2.5).  It would be difficult to gauge what the quality of 

outcome would have been without this knowledge; however, it is plausible that 

without this bank of case study examples and the knowledge thereby derived 

from it, that the quality would have been negatively affected.  The root of this 

negative outcome would be attributable to the designer’s gap in understanding 

between the design methods employed and the resulting effect upon the user 

and their actions.  This points towards the need for designers that wish to 

engage in the effective design of feedback interventions being fully conversant 

in all the criteria and persuasive methods that they apply, possibly requiring 

some form of structured guidance or instruction during the design phase. 

To conclude the discursive section of this chapter, the subjective nature of the 

critical reviews (that typified the convergent evaluations) and use of 

interdisciplinary teamwork is also worth discussing.  Although the use of 

evaluation matrices and charts (as discussed by Pugh (1990) for example) 

were considered it would be difficult to assign any form of plus or minus 

relationship without subjective debate, especially as the solutions may be so 

disparate due to the large size of the problem and solution spaces.  Although 

the motivation and intent of the designer may be the same across concepts, it 

would be difficult to find linear criteria against which to comparably evaluate a 

concept that relies on biosymbiotic feedback of environmental quality to a 

concept that interfaces and feeds back duration of heating system activity; 

hence, the requirement for a more subjective and interdisciplinary review.  In 

addition to these reviews, the transparency of decision processes (such as 

recording the designers motivation, intent, methods and potential outcomes) 
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and transparency of data manipulation from initial insights through to prototype 

helps to maintain and monitor the ethical thread that runs throughout the design 

process and places accountability on those that made key decisions within 

these phases. Furthermore, such an approach helps to establish and document 

this research as a structured design process case study for comparison to other 

research and design processes. 

5.6 Conclusions 
With the Intervention Opportunities and Intervention Design phases complete 

and discussed in the preceding sections of this chapter, the question becomes 

whether this chapter completed the third objective of this doctoral research: 

To design and produce a feedback intervention prototype that intends to 

reduce domestic energy consumption whilst maintaining inhabitant 

defined comfort levels. 

By documenting this process and stating the decisions made, this chapter not 

only provides a positive conclusion to this objective, but also presents it in a 

level of detailed resolution so as to allow the structured processes followed to 

be repeatable, for individual reflection or to be generalised against other 

theoretical propositions (such as other DfSB models) and case studies. 

What this chapter has achieved, is to argue for and document a section of an 

augmented model of the UCD process (Figure  5-2).  Augmenting this model 

with an interdisciplinary Intervention Opportunities phase, this research has 

suggested that something is needed between understanding and specifying the 

context and user (the problem space), and the design of an intervention (the 

solution space).  Without this convergent and divergent filtering phase, the 

problem space is excessively ill defined with multiple disparate issues to 

consider.  For example, although the use of windows for fresh air, decorative 

living room fireplaces/lighting and hot water bottles all affect comfort and 

energy consumption, to consider all in one brief would not lead to a single 

solution that would achieve acceptable resolution to all issues.  Likewise, even 

with a single direction defined, the solution space explored within the design 

phase would be equally without direction without prior assistance, requiring the 
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need for additional clarification of the opportunity or insight, and guidance on 

the methods to use (feedback considerations or on a more macro scale, the 

selection of the DfSB strategy itself). 

In conclusion, the phases of this augmented model have illustrated a process 

path; taking the themes generated in the proceeding chapter that seek to 

understand how inhabitants define and control comfort, and closing with a 

structured, well documented and traceable (through the design process) 

feedback intervention prototype.  However, to answer the question specifically 

as to whether the feedback intervention prototype will actually reduce domestic 

energy consumption whilst maintaining comfort, this will need to be discussed 

further, and is therefore the subject of the next chapter, Chapter  6. 
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6 Design Intervention Evaluation 

6.1 Introduction 
This section details the 

evaluation phase of the 

intervention design 

process (Figure  6-1) 

towards the completion of 

the fourth research 

objective, to evaluate the 

feedback intervention 

prototype, using 

assessment criteria 

developed from the 

literature review.  This 

section goes on to discuss 

the methodology employed in the assessment of the feedback intervention as 

well as the findings of this evaluation.  

 

Figure  6-1 The Design Intervention Process – Intervention Evaluation 

The purpose of a user-centred evaluation is twofold; to feed back positive and 

negative information into the design process in order to better meet (or 
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understand and redefine) the user’s requirements, as well as to understand if 

the design produced meets those specified user requirements (Maguire, 2001, 

British Standards Institution, 2010).  IDEO succinctly elaborates upon this, 

stating “the point...is to change the solutions, not to prove that they are perfect” 

(IDEO, 1999, P.77).   

6.2 Evaluation Criteria 
The criterion against which a design is evaluated is developed from an 

understanding of the contextual research study and through a cyclic design 

process, as formalised within the design brief and specification (presented in 

section  5.3.4).  Although the users’ exact requirements will change depending 

on the aim and function of a design, three fundamental questions arise when 

faced with the evaluation of a DfSB strategy led intervention (Figure  6-2):   

• Did the produced design solution function for the specified context?   

• Has the user’s behaviour changed as a consequence of the design 

intervention?  

• Is the change in user’s behaviour sustainable? 

These fundamental questions are a development of those used to direct and 

reduce the number of insights into tenable opportunities (see section  5.3) and 

to guide the concept selection process (see section  5.4). 
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Figure  6-2 Intervention Evaluation Phase of the Design Intervention Process 

6.2.1 Did the Produced Design Solution Function for the Specified 
Context? 

This question pertains to an evaluation of the designs usability and function.  Is 

the usability of the design in line with the user’s requirements and expectations, 

and do the design functions operate as the designer intended?  Clearly 

different designs have different criteria against which to assess usability and 

function.  Taking the three points of Lilley’s (2009b) strategies as an example, 

eco-feedback, behaviour steering and persuasive technology, there may be a 

common target such as reducing resource consumption, for example, but the 

methods employed vary drastically.  Eco-feedback may seek to reduce 

consumption through the provision of information, which has its own framing 

questions between itself and the user.  Behaviour steering devices may rely on 
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affordances and constraints to encourage a reduction in consumption, and thus 

semantics and ergonomics may be of focus.  Persuasive technologies in 

negating the user to enforce a change may be assessed against the technical 

support to install and maintain the technology and to monitor the technology’s 

effects. 

As feedback intervention is the primary focus of this research investigation, the 

question as to whether the produced design solution functions for the specified 

context should be viewed through a feedback evaluation lens.  Drawn from the 

extensive literature review in section  2.5, the following function and usability 

aspects need to be evaluated to provide a thorough feedback intervention 

evaluation (Table  6-1).  

How frequently and what is the duration of the feedback information that is fed back to the user, 

and what is the effect this has on the user’s cognitive bridging between action and effect? 

How accurate is the feedback information presented, and how does this help to associate or 

dissociate a user with their actions? 

How does the selection of the contents and metrics resonate with the user’s individual norms 

and motives? 

Is the feedback information presented a granulation from a larger system, and how does it help 

or hinder a user’s understanding of this information within that system? 

How does the medium of presentation affect a user’s ability to engage with the feedback 

information? 

How does the selection of presentation mode affect the user’s comprehension of the feedback 

information provided? 

How does the user interpret ambient features, and to what extent are they cognitively mapped 

by the user and in line with the designer’s intent? 

How does the location of the device affect the ways in which the user interacts with the 

feedback information? 

Does the user have any technical expectations of the feedback intervention, and have these 

been met? 

Does the feedback information rely on the use of comparisons to further information groups, 

and does this inhibit or stimulate consumption? 

Has any additional information been provided or goals or reward schemes activated to 

supplement the feedback information? 

Are there any user led challenges that may inhibit or counter the designer’s intention for the 

feedback intervention? 

Table  6-1 Function and Usability - Evaluation Questions 
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Please refer to Appendix L.  Feedback Usability and Function Evaluation 

Questions for an expansion upon the above evaluation questions. 

6.2.2 Has the User’s Behaviour Changed as a Consequence of the 
Design Intervention? 

One of the primary objectives of a DfSB intervention should be the changing of 

a user’s behaviour towards long-term sustainable ends, not the short term 

changing of a user’s action for immediate ecological/social/economic 

gratification.  Therefore, this second question relates to the DfSB interventions 

ability to change the behaviour of the user.  In order to determine if the user’s 

behaviour has changed due to the design intervention, it is imperative to 

understand the antecedents of that behaviour targeted for change.  Only then 

can it become possible to recognise and fully evaluate any change in the 

behaviour attributed to that intervention. 

The following questions, also developed from the literature review, aim to 

determine and understand the changes in context and intentions between the 

prior and post design intervention installation states (Table  6-2). 
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What was/is the user’s knowledge and perception of environmental matters, morality, resource 

consumption and comfort, both prior and post to the introduction of the design intervention? 

What was/is the user’s value weighting of environmental matters, morality, resource 

consumption and comfort benefit, against expected cost, prior/post to the introduction of the 

design intervention? 

What was/is the user’s conceptualisation of social rules and actions relating to environmental 

matters, morality, resource consumption and comfort both prior and post to the introduction of 

the design intervention? 

What was/is the user’s categorisation of social and group roles in terms of environmental 

matters, morality, resource consumption and comfort, both prior and post to the introduction of 

the design intervention? 

What was/is the user’s perception of their self and what do they deem to be appropriate goals 

and actions in terms of environmental matters, morality, resource consumption and comfort, 

both prior and post to the introduction of the design intervention? 

What are the positive and negative emotional responses associated with actions related to 

environmental matters, morality, resource consumption and comfort, both prior and post to the 

introduction of the design intervention? 

What was/is the facilitating conditions (capabilities, situational context, public policy, economic 

variables etc.) that influenced/s the user’s action, prior/post to the introduction of the design 

intervention? 

How did/does the facilitating conditions constrain or afford options, prior/post to the introduction 

of the design intervention? 

How did/does the contextual infrastructure moderate or influence between intention and 

habitual factors, prior/post to the introduction of the design intervention? 

Table  6-2 Intentions and Facilitating Conditions - Evaluation Questions 

With the contextual aspects and intentions identified in the pre and post design 

intervention states, the third variable that needs evaluating is the one that 

governs the user’s action, their level of cognitive reasoning, or conversely, their 

level of cognitive automaticity.  In order to determine the habitual strength of 

behaviour the following questions have been derived from the literature review 

(Table  6-3). 
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How frequently was/is the behavioural act enacted, prior/post to the introduction of the design 

intervention? 

Did/Does the user exhibit a lack of awareness of how they act in terms of conscious decision 

making or delegation of control of the behavioural act to contextual cues, prior/post to the 

introduction of the design intervention? 

Did/Does the user have free mental capacity to do other things, or exhibit efficiency through 

expectation filters, prior/post to the introduction of the design intervention? 

Did/Does the user have difficulty in controlling their behaviour in relation to this act, with trouble 

in deliberate thinking or planning, prior/post to the introduction of the design intervention? 

Did/Does the behavioural action represent a sense of personal identity to the user, prior/post to 

the introduction of the design intervention? 

Table  6-3 Habit – Evaluation Questions 

6.2.3 Is the Change in the User’s Behaviour Sustainable? 
This third category of inquiry relates to the impact of the changed user 

behaviour, in respect of being ecologically, socially and economically 

sustainable.  Through an understanding and measurement of the change in 

these sustainability metrics, the success of the DfSB design intervention can be 

put into perspective against the interventions function and ability to change the 

user’s behaviour.  In the context of this research project, the three key 

sustainability metrics of interest are domestic energy consumption, domestic 

comfort and ethics.  The following items, again developed from the literature 

review, evaluate the states both pre and post the introduction of the design 

intervention (Table  6-4). 
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What was/is the domiciles domestic energy consumption prior/post to the introduction of the 

design intervention? 

What was/is the domestic energy consumption by inhabitant/appliance/room/temporality 

prior/post to the introduction of the design intervention? 

What were/are the inhabitant’s expectations and actual levels of physical 

(lighting/acoustical/air/thermal) comfort, prior/post to the introduction of the design intervention? 

What was/is the domestic comfort level by inhabitant/room/temporality prior/post to the 

introduction of the design intervention? 

Can the effect of contextual infrastructure (such as building fabric, situational context and 

economic variables such as cost per unit of energy etc.) upon energy use and comfort, both 

prior and post to the introduction of the design intervention, be quantified? 

Does the ecological, economic and social benefit from the change in behaviour outweigh the 

ecological, economic and social impact of intervention provision? 

Table  6-4 Sustainability – Evaluation Questions 

As outlined in section  2.7, the ethical measure of an intervention is not only 

calculated by the behaviour changed, but is also a measure of the design 

process itself.  The following questions, also derived from the literature review, 

evaluate the ethics of the user’s changed behaviour, as well as the ethics of the 

process through which the design intervention was created (Table  6-5). 

Was the designer’s original intent for designing a behaviour intervention ethical? 

Was the designer’s original motivation for designing a behaviour intervention ethical? 

Are the intervention methods employed by the designer, in order to change the user’s 

behaviour, ethical? 

Has the designer/user/purchaser taken moral responsibility for the design intervention? 

To what extent is the user in control of the design intervention? 

Is the level of user control over the design intervention acceptably weighted against the intent 

and motivation of the designer? 

Have the democratic decision making rights of all stakeholders been accounted for in the 

design process? 

Have the values and morals of all stakeholders been accounted for in the design process? 

Have the values of the stakeholder been evaluated against a robust ethical framework? 

Are the intended outcomes of the design intervention ethical? 

Have unintended interactions between the user and the design intervention been predicted and 

are ethical? 

Have unintended use contexts involving the user and the design intervention been predicted 

and are ethical? 

Table  6-5 Ethics – Evaluation Questions 
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6.3 Design Intervention Evaluation Study – Focus Group Interviews 
With the need for evaluation discussed, the remainder of this chapter presents 

the findings of this evaluation.  This section presents the findings from the two 

focus group interviews, subdivided into the following themes: 

• The Need for Information 

• Learning through Action and Consequences 

• The Use of Windows and the Need for Feedback 

• Ambience and Cognitive Mapping 

6.3.1 The Need for Information 
Several of the focus group participants could not understand the need for 

information on radiator temperature and window status at all: 

FG08 I’m not the cleverest bloke in the world but I know if my radiator is on or 

off! 

Such a statement echoes the sentiment of many of the participants in that they 

believe that they are always aware of the status of their heating system and 

that information is not necessary.  Further questioning, however, uncovered 

several past situations where this was shown not to be the case, and the 

provision of information may have informed the participant to make appropriate 

controlling action prior to the excessive or undesired use of their heating 

system: 

FG09 …because I’ve been so warm I fell asleep...I’ve got up, looked at the 

thermostat, and it’s like twenty six, and I’ve touched the radiator and it’s 

been boiling. 

- 

GTW  So how do you know when it’s too hot [due to the heating]? 

FG05 ...when one of my kids starts shaking because they can’t breathe 

because of the air. 

The same participant who knows “if my radiator is on or off” (FG08) 

resoundingly believed that no amount of information alone was going to change 

the way in which he operated his heating system, despite discussing past 
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actions where one would assume that information would have been of use.  

This suggests that the physical connection between action and consequences 

is of more educational value than information alone to this participant: 

FG08 ...I’ve turned mine on, and thought, I’m going to go out, and forgot to 

turn it off because you only turn it off by manually doing it, there is no 

other way, and sometimes I've gone to bed and forgot I’ve left the 

lounge heating on last winter and it’s like the Sahara desert in the front 

room because it’s been on all night, and I've thought, that’s cost me, so 

I turn it off. 

This may also indicate that the framing of the information may be incorrect.  It 

was clear from the discussions that information on temperature alone may not 

be a sufficient motivator to action, and that the information provided may be 

better suited to providing information on economic concerns: 

FG07 …you could apply a monetary saving value...so for example if it’s been 

on three days red therefore you’ve accumulated two pounds 

something...then you would turn it down...because with heating you 

think ‘money’, I’m losing out... because if it tells me it’s hot or cold, well 

my body tells me that it’s hot or cold... 

The statement “my body tells me that it’s hot or cold” (FG07) is also interesting 

in itself.  The aim of the intervention is to frame comfort and consumption in 

order to make an informed evaluation; however, it is clear from this statement 

that the participant believes the purpose of the intervention is to try to replace 

this cognitive decision process, not supplement it.  As the participants believe 

that this information is already available to them (through physical sensation), 

they suggest that the intervention should “do something” (FG08): 

FG07 What’s it for...it’s not stopping a process, you’re still opening windows, 

you’re still going to touch the radiator, you’re still going to turn the 

thermostat down, so what does that do? 

6.3.2 Learning through Action and Consequences 
Several of the focus group participants after viewing the scenario video 

discussed that touching the radiator to determine its surface temperature, as an 

indication of heating system activity, was something that resonated with the 

ways through which they interacted with their own heating systems.  
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Emphasising the lack of conscious thought when evaluating their own heating 

system, one participant when asked why they touch their radiator even 

responded, “I don’t really know” (FG02).  Interestingly, a few of the participants 

used this as one of only a few mechanisms by which to monitor their entire 

heating consumption. 

FG06 I just leave mine set on twenty all the time, and when it goes below 

twenty it’ll just kick on and take the chill out the air...it comes on and off 

all day itself all through the day and night...it just keeps the whole 

house warm. 

GTW Do you find sometimes that because you don’t know what the 

temperature is...you can’t tell if it’s turned on or off? 

FG06 Yeah, you can’t tell unless you feel the radiators... 

FG05  ...unless you walk past it and there is a little light on it [in reference to 

the thermostat] [FG07 nods in agreement]. 

GTW So you could potentially spend the whole week with the heating on and 

not realise it is actually on? 

FG05 Just until your gas goes! [FG05 and FG06 laugh in agreement]. 

The use of sensory contact with the radiator was discussed further by the 

participants after being shown the intervention video.  The consensus of the 

main focus group was that even with feedback, the individual is still, or even 

more so, likely to be driven to confirm the information with physical contact: 

FG07 You’re still going to touch the radiator...it’s just human...you’re still 

going to touch it, still going to check it like that...its human senses...like 

when you hear the thermostat click, you still touch it to see if it’s come 

on, even though the click has told you that the heating is come on. 

FG10 ...it’s human nature. 

FG09 ...and you rely on that more than a device because a device can let you 

down, they are not always accurate or they can give you a wrong 

reading or whatever. 

Whilst this may not be such an issue for able-bodied adults, the use of light 

indication on a radiator may increase the chances of vulnerable adults or young 
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children burning themselves through physical contact with the hot surface that 

the light is indicating a change in: 

FG08 ...but to me, a flashing light attracts them...a kid sees a flashing light, 

they are going over to that. 

FG09 ...they are more inclined to ignore it if there are no light on it. 

A counter-argument discussed was that the information could be used to teach 

children not to touch the radiator when the light is on: 

FG05 ...if you’ve got toddlers, and explain to them that when the red lights on 

you do not touch the radiator...I know a few toddlers that’s touched 

radiators and burnt themselves because they get that hot… 

In addition, a few of the participants illustrate how prepaying for fuel can have 

an effect on consumption behaviour: 

FG08 ...it’s like in a car, isn’t it, at the end of the month you drive slower in it 

than at the start of the month...so at the end of the month...you drive as 

slow as you can, thinking I need to get to another petrol station, but 

when you've put a full tank in, the first twenty to fifty miles you’re going 

around like the clappers because you think ‘I've got loads of fuel’...but 

it’s the same thing with the heating. 

FG05 ...when I put my heating in, every time I get paid...the heating’s on full 

blast, then when it comes to Friday Saturday, it’s like, shut that door! 

6.3.3 The Use of Windows and the Need for Feedback 
Although some of the participants agree that feedback may be a good idea (as 

an educational tool), they cannot see the point in the window sensor; the idea 

of opening the windows with the heating on to them “doesn’t make sense” 

(FG03).  However, following the intervention video and lengthy discussion 

amongst the participants, several situations where such information may have 

been useful came to the fore: 

FG05 ...you heat up your house and then when you are warm enough you 

have to open up your windows because they’ve got condensation on 

them. 

FG09 ...well I’m a smoker so I open the windows first thing in the morning. 
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FG10 ...you have to at least blow everything through and just hope that the 

heat retained in the walls and the floor that doesn’t dissipate quick 

enough. 

GTW So does anybody actually open the windows with the heating on? 

FG10 Because to change the air in the mornings [FG09 nods in agreement]. 

- 

FG02 …when I’m drying my clothes I still have the windows open and yet my 

radiators are on full, otherwise my room overheats and I get breathless 

and that. 

Many of the situations discussed suggest that the windows may be open for 

short periods whilst the heating system is active. In most of these situations, 

this action is driven by a short-term immediate goal that is perceived to be of 

greater benefit than the long-term control and goal of domestic warmth.  

Another statement that is revealing is that the participant’s perceptions and use 

of heating systems and windows is similar to participant FG07’s statement “my 

body tells me that it’s hot or cold”: 

FG09 …believe me you’ll know that the heating goes because by then it’ll go 

cold and you would of shut it long before that! 

Again, this statement suggests that the participant is used to managing their 

heating and window systems through the physical perception of excessive 

comfort parameters, such as high or low temperatures and poor or good indoor 

air quality.  The reliance on physical sensation has been used as the feedback 

information mechanism to manage and control comfort historically, and is 

unique to each individual.  Although the aim of the intervention is to prompt and 

supplement this decision making process, it appears that the participants would 

be reticent to use the device as they do not see the connection between the 

information that it provides and the actions that they historically perform.  

Knowledge that the heat from the radiator may be escaping out of the window 

may be considered irrelevant.  In order for this intervention to succeed, it is 

clear that the participant first needs to understand the energy interaction 

between the heating system and the windows, and furthermore, have a desire 
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to reduce or remove the time between action and the experience of extremes in 

physical comfort perception and associated consumption. 

6.3.4 Ambience and Cognitive Mapping 
The off status of the lights illustrated that either the heating was off or the 

radiators surface temperature was below 25°C, with the window either open or 

closed.  When the participants were prompted to state what they believed the 

off status to mean after watching the intervention video, the consensus across 

all participants was that the radiator was off or is cold. 

FG02 It’s a cold radiator. 

FG01 It doesn’t indicate that anything is happening at all. 

The white status of the light indicated that the heating was on and that the 

surface temperature of the radiator was between 25°C and 43°C with the 

window closed.  All the participants agreed after watching the intervention video 

that the change from off to white status indicated that the surface temperature 

of the radiator was starting to rise. 

FG05 It’s getting there now, isn’t it; it’s starting to heat up. 

FG09 It’s kicked in and it’s starting to warm up. 

FG01 suggested that it might have been a good idea to tie the colour of the 

status light into the thermostat, however, the surface temperature of a radiator 

does not correspond to room temperature due to differences in the size of 

radiators etc.  This suggests that the participant may have a linear and incorrect 

model of their heating system, believing that the higher the thermostat is 

turned, the hotter the radiator surface becomes (when in fact it is the duration of 

maximum surface temperature that is actually increased). 

The orange status of the light indicated that the heat output of the radiator was 

within its highest surface temperature range, above 43°C, with the window 

closed.  The definitions offered by the participants vary.  FG01 assumed that as 

the orange light was the middle light (sandwiched physically between the white 

and red LEDs), that the radiator temperature must be half way between cold 

and the maximum.  FG07 tentatively suggested that this may mean that the 
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radiator is “hot”.  FG05 confused the temperature of the radiator with the room 

temperature, reiterating again this incorrect supposed relationship between 

radiator temperature and air temperature as described by FG01.  Whilst the 

surface temperature of the radiator and its exact relationship to air temperature 

is not clear amongst all the participants, it is clear that the majority of 

participants liken the change in colour of the status light in the same way as a 

rising thermometer, that it signalled a general increase in temperature. 

The red status of the light indicated that the heating was on and that the 

surface temperature of the radiator was above 25°C and that the window was 

open.  Although one participant vocalised that this meant that you have “let the 

cold air in”, the majority of the participants agreed that the red status light 

referred to a hotter radiator surface temperature than the orange status light.  

Some participants believed that having the red status light to signal waste to be 

confusing as the red was construed as a warning of a broken radiator, not 

waste.  

FG07  ...you open a window and a [red] light goes [on]…why are the lights 

going [on], is there something wrong with my radiator...might think their 

heating system is broken. 

FG01 suggests that all the status light should be based on room temperature 

and that the light state recedes a colour with the window open as the room 

temperature drops.  An alternative suggested by another participant was that 

the intervention should employ a red/green/amber system, as it would be easier 

to relate to.  Others suggestions included the use of words instead of lights to 

indicate status as the meanings may be soon forgotten, or that if lights were to 

be employed, that they may have to flicker to catch the individuals attention.  It 

was also suggested that the device itself may be soon forgotten, like a burglar 

alarm light, if not correctly positioned and with an appropriate level of intrusive 

feedback. 

FG07 It’s like when you have a burglar alarm, with the sensor in the corner.  I 

hardly notice it...because I’m so used to it, I disregard it. 
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With regards to the ‘click’ sound, none of the participants wanted it to play any 

sort of music or loud interrupting noise, although a few of participants had 

difficulty hearing the low level clicking sound. 

FG05 You wouldn’t hear that in my house, not with all my kids. 

The presented findings of the focus groups interviews can be summarised 

briefly into the participants’ perceived and actual need for information, the self-

reported evidence of cognitive learning developed through action and its 

consequences, the participants’ perceptions and logic that drive window use, 

and finally, the cognitive mapping and understanding of the feedback 

prototypes ambient features by the participants.  The findings of the focus 

group interviews are discussed in detail with the user trial findings in 

section  6.5.   

6.4 Design Intervention Evaluation Study – User Trials 
This section presents the findings from the user trials with semi-structured 

contextual interviews in Merthyr Tydfil.  From the wealth of data collected, the 

following themes have been identified as being of particular interest and are 

summarised below: 

• Information, Action and Consequences 

• Installation Location 

• Metrics and Monitoring 

• Educational Tool 

6.4.1 Information, Action and Consequences 
The information provided by the intervention was understood to an extent by 

both participants, raising their awareness of what the heating system was doing 

in response to certain actions, such as opening a window, or in response to 

temporal frames, such as the time it takes for the radiator to heat up or cool 

down.   

CA02 It was good, I thought. It was, it was letting you know when it was 

hot…my son-in-law would open the window…and you could see the 

colour changes straightaway.  It does make you more aware of the 
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temperatures in the room…you could understand how the heat could 

go out of the room so quick and come back on…you can see the 

difference when you opened the window how your energy is flying out 

of the window…in fact you can think well, why put the heating on if I’m 

going to open the windows, because it’s just flying out of the window 

like, isn’t it?  

- 

CA05 It’s to remind you, I think, that obviously the white one comes on when 

it’s just warming up and cooling down…now, sometimes I notice, we’ll 

be sitting here and I think: oh, the white light is on there. And for some 

reason the radiator was going off. So, it was good because otherwise 

perhaps you wouldn’t notice. And then you think: oh, I don’t feel so 

warm now and the heating’s on. But then when you’d look on there 

you’d see it must have been perhaps the turn for that radiator to cool 

down while the thermostat comes back in.  

To elaborate upon the ‘extent’ of understanding, it is clear that CA02 perceived 

the temperature of the radiator to correlate directly to air temperature, believing 

that the ‘waste’ status of the red LED indicated a higher, and therefore more 

wasteful, surface temperature, clearly depicting the incorrect mental model that 

the participant had concerning their heating system.  The intervention helped 

the participant to associate action with an effect; however, the exact 

understanding of the effect was not entirely correct.  CA05 identified that 

heating systems did cycle, and that the variations between the white and 

orange status indicators showed this increase or decrease in radiator surface 

caused by the settings chosen by the participant on the thermostat and 

thermostatic radiator valves [TRVs] and the air temperature. 

CA02, in response to this information, closed her blinds more often as she 

believed that this cut down on the number of draughts emanating from the 

window, thereby allowing the radiator to get hotter.  This action would prevent 

heat from escaping from the room, thus increasing the efficiency of the heating 

system due in part to the information provided. 

CA02 Well, you’d hear it click, and then your radiators were then hotter…It’s 

like opening the window, there your heat is going out of the window; 

and it must be the same with draughts because it was getting hotter, 
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you know. I noticed that…it means you should shut your blinds more 

often, doesn’t it? [Laughter] 

CA05 responded to the information in a different way to CA02, being prompted 

to explore and increase her own understanding of how the heating system 

worked across the household and the consequences of any changes that she 

made to the settings of this system.  Through the changing of the status 

indicator on the radiator, the participant was encouraged to reassess their 

thermal comfort, to investigate the settings of their heating system and to act 

accordingly in terms of her comfort levels and other intentional concerns. 

CA05 The benefit for me was when it was…the radiator was obviously 

knocking itself off and I didn’t realise, you know; so I was wondering 

why it was. So, it make me then move about to see; I was going in the 

living room and feeling that one and that would be on, the hall one 

would be on, and I’d think: oh right, why has that gone off. So, I’d have 

a fiddle with that. Then I’d see it come back on. And then I’d turn it back 

down. And I’d be like this then, trying to read the paper and I’d be 

checking it then; looking at it all the time. 

Both participants found that the clicking noise that accompanied the change in 

status was the first thing that they noticed, drawing their attention to the status 

light indicator.  Over time, how both the participants responded to this 

information changed.  CA02 initially responded to the information by touching 

the radiators surface, as a form of experiential learning as predicated by the 

focus group interviews.  Towards the end of the installation period, the 

participant no longer felt the need to touch the radiator, as the cognitive 

connection between the visual and audible status indicator and the physical 

radiator surface temperature had been established.  CA05 responded over time 

by paying less attention to the intervention, with it ‘blending’ into the 

background.  During the initial period of installation, the information provided by 

the device was considered and acted upon to optimise the use of their heating 

system.  Towards the end of the installation period the device was used less for 

exploration as the initial desire for experimenting was over, with a stable level 

of understanding accrued.  In addition, the audio-visual feedback itself became 

more ‘familiar’ to the participant, with the once invasive feedback becoming part 

of daily fabric and routine. 
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CA02 Well, when you got up in the morning of course you put the heating on, 

and then all of a sudden that would start clicking then. Oh, the radiators 

getting warm now; and it would click when the radiator was getting 

warm…if you’re just watching telly then the click would be the first thing 

you notice. But like I said, it wasn’t annoying in any way…in the 

beginning I used to [touch the radiator]; you just get used to it then. Oh, 

that’s getting hotter; or that’s not so hot now… 

- 

CA05 The lights would come on; it gives a little click doesn’t it when it comes 

on, so I’d notice the click first; then I’d be checking it, you know. But 

then it just blends in like all the other stuff that’s around...I think I got 

into such a routine with the heating, you know, I forgot it was there 

really…but you just don’t notice them; they’re just familiar; they just 

blend in.  

When reflecting upon the intervention, the participants believed that certain 

actions that control their comfort and energy use are unchangeable, regardless 

of any information that the feedback intervention may provide.  CA05 

demonstrates that whilst she is aware that opening the windows with the 

heating on is something that she would never do, she would still open the 

window afterwards, despite the radiator still being warm, if she believed the 

consequences of her actions to have a net positive benefit. 

CA05 If I got too warm in here if the heating was on I’d knock the heating off 

first; and then if I still didn’t cool down enough then I’d open the 

window.  

GTW Would you wait until the light goes before you open the window? 

CA05 No, because that white light stays for quite a long time. So, it’s 

depending how I’m feeling, you know.  

- 

CA02 …if you’re hungry you eat; if you’re cold you put the heating on…I don’t 

think anything would change you. It can’t actually, can it? Unless you’re 

willing to say right I’m not going to put that up so high; I’m going to put 

an extra cardigan on…if that’s the way you want to live of 

course...That’s the way I suppose a lot of people live; or they put a 

blanket over themselves or something.  
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6.4.2 Installation Location 
The location in which the intervention was installed also had a noticeable effect 

on the way in which the information was acted upon by the participant.  In both 

installed locations the intervention was positioned in the room that the 

participant had previously described as being the room that they are most 

active in during the day.  For CA02, this room was the living room, with the 

intervention installed on the radiator and window between the participants TV 

and regular seating position.  Prior to the intervention prototype being installed 

the baseline found for CA02’s home that living in a multiple occupancy dwelling, 

with tenants in different rooms with different comfort expectations, resulted in 

frequent ad hoc use and changing of the heating system.  Without any means 

of mechanical notification to other tenants, it would not be until the physical 

sensation of detecting the change in air temperature was noticed that any 

corrective or optimising changes could be made, such as lowering the 

thermostat or TRVs altered by other tenants.  With the intervention, CA02 was 

able to detect the change in the radiators surface temperature before physically 

detecting a change in the air temperature, allowing the participant to alter her 

radiator accordingly and optimise the system by minimising waste. 

CA02 …if it was a day like today now and [daughter] wanted that heating on, 

and I certainly don’t see no reason for it to be on...I’d put it on for them 

but I wouldn’t have it on myself...I knew she’d been down then and 

she’d put the heating on…if I didn’t want it on I’d turn it off on the 

radiator.  

CA05 asked for the intervention to be installed in the kitchen, on the radiator 

and window abutting the dining table.  It is clear from the following statement 

that in order for the information to be acted upon, it needed to be in the same 

location as the participant.  This quote also illustrates the difficulties in 

effectively controlling heating systems such as central gas, where the current 

information, feedback and control mechanisms available are usually located in 

a central location that is not necessarily a suitable position for the tenant to 

effectively engage, immediately reflect and action any changes rapidly.   

CA05 ...In the living room I think I spend perhaps two or maybe three hours a 

night in there at the most; longer on the weekends because both of us 
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are here and then we’ll go in there, you know. But this [kitchen] is 

where I am mostly; and this is the room that…I decide whether I’m 

putting the heating on or not.  

GTW …you said earlier that sometimes you forget that the heating’s on and 

you fall asleep…Did this ever remind you?  

CA05 No, because if that happens we’re usually in the living room then 

comfortable, you know; you’re more relaxed in there then. 

The interviews also confirmed the participant’s perception of costs and 

perceived benefits, such as the priority of fresh air circulation and leaving 

certain windows open permanently over the cost of heating with the windows 

open.  Windows not in close proximity to radiators or within different rooms to 

those being heated may also have been open, therefore, the full benefit of the 

information provided by the feedback device may not have been realised (an 

upstairs window may have been un/intentionally left open by this/another tenant 

with the heating on).  

CA02 As soon as I get up I’d open the window to allow a bit of air in; unless 

it’s extremely cold – in that case I don’t…If it’s nice for a few hours; but 

if it’s not very nice just for a half hour or something just to let some 

fresh air in…My daughter opens her bedroom window as soon as she 

wakes up in the morning…and the bathroom window’s open now; the 

toilet window – just a little bit… 

EDH So, if the heating was on and you were airing out how long would the 

windows be open for?  

CA02 If it’s cold only about 20 minutes perhaps… 

- 

CA05 …I open the window automatically. When I get out of bed I open the 

window always. I leave the blind shut because I go back up for a 

shower then later. And I just leave the windows open until I feel chilly. 

It’s surprising; if the window’s open upstairs you will feel a draught 

down here around your feet…So, if I feel, I think I feel a bit draughty, 

and then my husband will come in and he’ll say: all right, put the 

heating on, I’m cold – so I’ll say: let me run up and shut the windows.  
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EDH Do you still leave the bathroom and the bedroom window open when 

you go out?  

CA05 Yeah…If it’s really, really cold I’ll have the shower first and get dressed. 

But I’ll usually come down, and if I’m going out I’ll come back up and 

clean my teeth before I go; and then I would shut them then if it’s really 

cold.  

EDH So, is that just for fresh air?  

CA05 Yeah…just fresh air.  

6.4.3 Metrics and Monitoring 
The selection of temperature as the metric represented by the intervention was 

debated by the participants.  Whilst the participants, as previously discussed, 

could understand the representation of radiator temperature, it did not always 

motivate them to any form of action.  Discussing economic concerns and 

monitoring, CA05 stated that she would be interested if the intervention could 

display a “running total”, allowing her to monitor and manage her direct debit 

expenditure.  Displaying historic information concerning the cost of the energy 

that CA05 is consuming, she states, may make her consider alternative options 

more so before putting the heating on.   

CA05 …I mean you put it on, you don’t know what you’re using until the bill 

comes…and you could have a really nasty shock. If there was 

something that would say like a running total, you know, how much 

your bill is now, perhaps before your bill comes in you’d think: oh, I’ll 

leave it off a bit longer – if you could see how much you are actually 

using; or how much that radiator is costing when it’s on.  

Conversely, CA02 believes that monitoring energy use or being made aware of 

the cost is irrelevant, as she perceives the use of the heating system as being a 

necessity.   

CA02 But I don’t believe in people being cold just for money like.  I hear 

people say: well, I turned the heating off so much a day; it’s too 

expensive. But you can’t tell people you’ve got to go cold because I 

can’t afford it…When you’re cold it’s got to go on…if I thought I could 

find a way of keeping ourselves comfortable cheaper I would… 
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In addition to the discussion of economic metrics, CA05 also voiced an opinion 

on environmental metrics.  CA05 was very sceptical over the merits of 

environmental metrics, believing the negative affect of energy consumption on 

the environment to be a fallacy. 

CA05 …I’m quite sceptical about it all, all this planet thing. I think all this 

green stuff is just a way of them adding money onto your holidays…I 

don’t think we’re doing much harm to the planet myself; but some 

experts think you are…Some say that the ice is melting and all this; I 

don’t know. I don’t believe everything I read. 

6.4.4 Educational Tool 
As an educational tool, both participants gave examples in which children got 

involved with the intervention.  Echoing some of the discussions held during the 

focus group interviews, in both households children had the intervention 

explained to them by the participant with the children seeming to both 

understand and enjoy applying the knowledge that they learnt from the 

information provided.  In one event, the heating system had turned itself off as 

the prepaid sum of gas, used to power the boiler, had all been consumed.  The 

grandson of the household had noticed that the light on the radiator had 

changed before any other tenant had noticed a physical drop in air 

temperature, indicating that the heating system had turned itself off. On 

recognising that this was an unexpected event, he informed the adults of the 

household who then also recognised this to be a display of unexpected 

information, to which they then responded accordingly.  Although it could be 

argued that this information increased their consumption of energy, it did also 

help the household to maintain their desired comfort level and to re-evaluate 

their consumption. 

CA02 Yeah. I thought it was quite good, I’ve got to be honest, just those little 

things by there so it was working, that ability like. I really thought it was 

good. As I said, the littl’un [grandson] was most fascinated; he’d sit by it 

watching it…Waiting. He was amazed by it…and our [grandson] would 

get up and say: the radiators have gone off. Well, we’d sit here and we 

didn’t know the gas had gone; we’d run out of gas. So, [grandson] 

knew by that; the gas has gone, he said, because that’s off…Because 

we didn’t really know it had gone off like. 
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The second participant household also found children to be interested in the 

intervention.  Visiting grandchildren understood how the intervention operated 

and the information presented, actively explaining the device to other visitors to 

the household.  In addition, CA05 believes that when the children returned 

home may have applied the concept of energy ‘waste’ out of windows without 

the need for the intervention. 

CA05 …the children would tell her [daughter] what it was, you know, because 

they like to show that they know what these things are.  They knew 

exactly what it was then, and they knew how it worked: now, when it’s 

warming up and cooling down that white light comes on; then when it 

gets hot you know; and you’re not allowed to open the window then 

when you’ve got the heating on because that red light will come on. 

They knew; they understood it completely…if their mother was cooking 

and opening the window with the heating on...she probably would say: 

‘mummy, you know, you’ve got the window open and you’ve got the 

heating on, you’re wasting’. 

6.5 Discussion 
Through a combination of formative testing involving focus group interviews 

and summative testing, consisting of user trials, the design intervention has 

been evaluated with social housing tenants and the findings presented in the 

proceeding sections of this chapter.  In order to determine if the design 

intervention has fulfilled its requirements, in other words, to determine if the 

intervention was a success, these findings need to be put into context against 

the three fundamental questions posed.  Furthermore, it is also important to 

consider and discuss the suitability of the evaluation methods employed, to 

determine if these methods are the most appropriate for evaluating a DfSB 

strategy led intervention. 

6.5.1 Did the Produced Design Solution Function for the Specified 
Context? 

A focus group interview is not an ideal mechanism through which to validate 

and quantify design decisions, due to the discursive and dynamic nature of the 

method.  A focus group interview, rather, is an ideal platform through which the 

produced design, a culmination of contextual research into an issue or 
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‘problem’, can be discussed with users in order to ascertain whether the 

designers understanding of the issues of concern are correct, and furthermore, 

that this technological manifestation of the ‘solution’ is what the user actually 

wanted (Nielsen, 1997, Bruseberg and McDonagh-Philp, 2002, McClelland and 

Suri, 2005).  The findings from the focus group interviews support this use of 

the methodology, illustrating multiple discussion points concerning the need for 

feedback and information, and issues with how the feedback is generally 

interpreted and may be upon acted, as opposed to any quantitative evaluation. 

The findings indicate that whilst the use of scenario videos helped in aiding 

discussion and framing the context and issues of interest, the participants 

generally did not understand or see the need for information concerning how 

they manage their home energy heating systems. The discussions concluded 

that feedback on window opening in particular would be of little benefit to them 

but that feedback may be of educational value to children.  The majority of the 

participants relied on the physical sensation of comfort as a feedback 

mechanism that arises from the use of these heating systems.  Examples given 

of such feedback included feeling too hot with the central heating system left on 

for extended periods eventually driving a desire to turn it down; the touching of 

radiators to determine if the heating system is active after altering the 

thermostat; and windows for fresh air left open too long eventually creating a 

discomforting cooling effect, finally driving window closure.  Such mechanisms, 

however, are not ideal as they rely on discomfort to indicate a change of state 

or excessive consumption.  Without this information or prompt, the participants 

provide evidence that such systems may be left unaltered, potentially at great 

financial cost to the tenant.  Whilst this focus group interview has clearly 

illustrated the need for an intervention mechanism, it is suggested by these 

findings that the use of feedback information alone, especially regarding 

temperature data and window use, may not be enough to motivate change. 

Concerning the design of the feedback intervention itself, the use of ambience 

was generally well understood and accepted by the focus group interview 

participants, demonstrating in part the success of using scenario videos and the 

physical prototype as part of the methodology.  The concept of having a red 
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light for ‘waste’, however, was an issue as the majority of participants believed 

it to represent a hotter radiator temperature, indicating that the majority of 

participants did not fully understand how their heating systems actually worked.   

The advantage of using user trials over focus group interviews is that it is 

possible to understand how the user engages and interacts with an intervention 

in a real use context over time.  Changes in perception and interaction can be 

mapped over the installation period in situ, rather than a static first impression 

of the device out of its use context.  What the findings of the user trials 

illustrated, is that the frequency, duration and accuracy of the information fed 

back to the participant had the desired consequence in effectively helping the 

participant to understand both how the action of opening a window with the 

heating on and how the heating system actually worked.  Through the provision 

of rapid and accurate information, the participants could see any instantaneous 

effect that their actions would have on the heating system, either intentional or 

unintentional such as opening a window, changing the thermostat or TRV, or 

running out of prepaid gas.  This encouraged a period of investigation and 

optimisation, particularly during the initial period of installation, although 

towards the end of the four month installation period the participant’s 

receptiveness to the information seemed to decrease.  This may be attributed 

to either the participants actions becoming optimised as far as they believed 

possible and therefore no longer required the information, or that they did not 

perceive any benefit to actions based upon the initial information and so 

therefore eventually chose to ignore it. 

The location in which the prototype was installed had a clear effect on the level 

of information received, as it allowed for the  real-time monitoring of the status 

of the heating system from a position of localised comfort, indicating whether 

the heating system was active (if an activating/deactivating temperature had 

been determined by the thermostat or TRV).  In terms of the use of ambient 

features, the use of the ‘click’ mechanism also proved to be of particular use as 

a localised prompt, as this tended to initiate the opening investigation of the 

status lights on which subsequent actions were placed.  The issue with such a 

localised information point was twofold. Windows not included within the 
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intervention were not monitored, allowing a window to be open in one room and 

the heating to be on in another without a ‘waste’ warning, and furthermore, 

additional tenants in these multiple occupancy dwellings did not necessarily 

have access to this information, and so therefore could not act upon it.  Further 

issues include the misunderstanding of what the ‘waste’ light indicated and 

similar discussions around the use of monetary expenditure as a metric, the 

need for physical feedback on comfort parameters to benchmark the 

information.  These issues could have been designed out or built upon through 

iterative redesign. 

6.5.2 Has the User’s Behaviour Changed as a Consequence of the 
Design Intervention? 

The findings of the focus group interview do not illustrate any real changes in 

behaviour, as the intervention and any potential change in behaviour that may 

arise from its use are discussed, not actually enacted over time within the use 

context.  In addition, the changing of habitual behaviour is also unlikely to be 

demonstrated from a single focus group interview, as one of the constituent 

parts of habitual behaviour is a frequency of past behaviour (Jackson, 2005, 

Polites, 2005, Lally et al., 2009, Steg and Vlek, 2009) a change which cannot 

be established from a single point in time without self-reporting (which brings its 

own set of problems (Sniehotta and Presseau, 2012)).  What a focus group 

interview does offer, however, is the same opportunity that it does when 

evaluating the designs functions; it allows the researcher to understand if the 

‘problem’ and intervention context has been understood and appropriately 

translated into a ‘solution’.  In terms of understanding behaviour and potential 

behaviour change, this manifests itself as an understanding of the antecedents 

of behaviour and the effects that the intervention may have upon them, 

primarily the intentions of the individual. 

From these focus group interviews, it is clear that the benefit of comfort 

provided through such actions as opening windows and using the heating 

system is weighted as being of greater value than any economic or 

environmental cost.  Some participants leave the heating system active 

throughout the year, preferring the year-round thermal balance regardless of 
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cost; something that was especially apparent when discussing the short term 

use of windows for fresh air and managing the effects of cooking, drying clothes 

or smoking, where the windows are opened irrespective of whether the heating 

system is active or not.  These short-term benefits were perceived as being of 

greater value than the economic cost of leaving a window open or the cost of 

effort required to modify the heating system.  The findings also provide 

evidence that the participants have a distrust in technological devices and 

information in general, preferring to defer to their own perception and senses, 

relying on experiential learning and experience to determine future courses of 

action.  Another interesting finding supports the position that those who use a 

prepayment system or shorter billing term for paying for energy may have a 

different model of understanding and associated consumption than those who 

pay by direct debit over longer periods such as by yearly quarter.  A few 

participants analogised the use of home energy to being like that of a car, 

whereby you are only concerned with its consumption towards the end of the 

week or month (or tank of petrol to use the analogy), when the cost of its use is 

again put into the users frame of awareness. 

In terms of habitual behaviour, as previously discussed, it is impossible for any 

such change to be effectively noted or its antecedents understood from a single 

focus group interview.  It is possible, however, to attempt to understand and 

theorise any potential use contexts with the participants, based on the 

participant’s intentions and experiences.   

Several participants discussed their heating system use patterns, including 

leaving the heating on year round, the need for airing out the home and their 

compulsion to touch the radiator in order to determine whether the heating 

system is active.  Although these issues relate to the intentions of the user, they 

also point to their habitual actions.  Awareness as to when the heating system 

is put on or turned up, and opening a window was generally high, although after 

this engagement their awareness of the consequences of this action dropped, 

with the individual preferring to allow the system to run unabated until extreme 

discomfort was experienced.   
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The user trials provided the opportunity to detect a change in behaviour by 

comparing a baseline taken of the individuals behavioural antecedents prior to 

the installation of the design intervention, and then comparing that baseline to a 

point taken after the design intervention had been installed.  The advantage of 

such a methodology is that it allows the researcher to determine how the 

individual’s intentions, habits and resulting action may have changed over time, 

providing, in this study, fixed points in time for qualitative comparison (pre and 

post installation).  In addition to understanding the change in action, changes in 

the facilitating conditions can also be revealed that will influence behaviour, 

such as any change in the built form of their home, their heating system, 

economic concerns or the other tenants with whom they reside. 

Comparing the baseline data to the uninstallation data, it is apparent that the 

majority of intentions, facilitating conditions and habits have stayed the same.  

From the qualitative data, it is clear that the built form and heating technologies 

are still the same within these participating properties, with the same tenants 

occupying the same rooms, performing similar daily tasks and window opening 

and heating activation routines as recorded in the baseline.  Perceptions of the 

role of one’s self as well as perceptions and the value weighting of resource 

consumption and comfort had not changed between these two recorded states.  

What had changed, however, was the knowledge and awareness that the 

participant had concerning how the heating system works and when it is active.  

This change in knowledge and awareness manifested itself with both 

participants having a deeper understanding of how, when and why their heating 

system is active or inactive, leading to the exploration and optimisation of its 

control (primarily through the thermostat or radiator TRVs) for both resource 

consumption and comfort management.  Importantly, this awareness occurred 

prior to extreme discomfort, the mechanism noted in the baseline as being the 

primary notification of undesired heating system activation or running, 

therefore, essentially reducing the time that the heating system was running in 

its inefficient state, saving energy. 
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6.5.3 Is the Change in the User’s Behaviour Sustainable? 
In order to determine the sustainable impact of the change in user’s behaviour, 

sustainability metrics need to be quantified.  This research has been limited in 

its capacity to evaluate the sustainability impact of the intervention, primarily 

due to the lack of quantitative data (as discussed in section  1.2).  Questions 

such as what was/is the domestic energy consumption by inhabitant prior/post 

to the introduction of the design intervention?; and, does the ecological benefit 

from the change in behaviour outweigh the ecological impact of the intervention 

provision? cannot be addressed without a quantitative baseline prior to 

intervention compared to a quantitative post intervention evaluation of energy 

consumed (with its relevant environmental proxies).  Environmental 

assessment tools such as Life Cycle Analysis (Bhamra and Lofthouse, 2007) 

are severely limited without such necessary information. 

The use of a focus group interview was limited as a method in investigating the 

sustainable effects of the design intervention.  Whilst a focus group interview 

may provide an insight into the intentions of the participant, it can only offer a 

small amount of predication to its actual impact on comfort and resource 

consumption.  What the focus group interview provided was a discursive 

opportunity for the researcher and the participants to discuss values, moral and 

expectations.   

During the focus group interview, an example of such discussion arose around 

the use of windows with the heating system active.  From a resource 

conservation perspective, it would be ideal for the participants to turn their 

heating off when opening the window.   The majority of the participants, 

however, did not anticipate doing so even when provided with information from 

the intervention, potentially choosing to ignore the values inscribed by the 

designer in order to pursue their own perception of values and benefits.  The 

device potentially allowed the user to choose the action appropriate to them, 

being afforded democracy in decision-making.  In addition, the platform allowed 

the potential users to discuss any issues they thought might have been of 

concern arising from the scenario video and envisaged potential use of the 

device, facilitating the discussion of intentional and unintentional potential 
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outcomes.  One particular issue of concern was that the flashing multicolour 

LEDs of the intervention might unintentionally draw young children to the device 

increasing the chances of them being burned by the radiator.  It was decided 

following the focus group interview that until the exact effect of the LEDs could 

be established, that the intervention would not be installed in any homes for the 

user trials with young children, highlighting the necessity for such evaluative 

work early in the design process.  Furthermore, the focus group interview also 

provided evidence as to why an intervention was an ethical necessity, with the 

findings stating that leaving the heating system active for an unintentionally 

long period may be detrimental to the health of some children, resulting in a 

lack of breath and “shaking”. 

Although limited by a lack of quantitative data, the user trials, however, did 

allow for an evaluation of the ethics surrounding the intervention and the design 

decisions made.  Rather than being a prediction as to the uses of the 

intervention, the evaluation could be made based on the participants 

experiences of interacting with the intervention over time.  An intentional 

ethically responsible effect of the device was that it eventually removed the 

need for the participant to touch the radiator in order to determine the 

temperature of the radiator.  Once the participant had cognitively associated the 

temperature of the radiator with the status indicator LED, the need for the 

participant to touch the radiator was removed, reducing the chance of the 

participant burning herself because of this desire for information.  An 

unintentional effect of the intervention was that it allowed the participant to 

realise when they had run out of prepaid gas and the heating system had shut 

itself off, allowing the participant to hastily reinstate the gas supply without too 

great a loss in comfort.  Whilst this may have in effect increased consumption, 

the value priority for the participant at this point was comfort, and this 

intervention helped to facilitate that management. 

6.6 Conclusions 
Whilst the proceeding chapters sought to understand and apply insights from  

the intervention context towards the development of a feedback intervention, 

the purpose of this chapter was to investigate whether criteria garnered from 
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the literature review could be drawn together and applied for assessment of a 

DfSB intervention, evaluating both the intervention and the data collection 

methodologies used.  This purpose is enshrined within the fourth objective of 

this doctoral study: 

To evaluate the feedback intervention prototype, using assessment 

criteria developed from the literature review. 

One conclusion drawn from the findings and discussions is that the assessment 

criteria drawn from the literature review can in effect be placed into three 

distinct groups, resonating with the design, sustainability and behaviour aspects 

of the eponymous strategy used, DfSB.  Split into three lines of questioning, the 

design group of questions focused on the function and usability of the 

intervention, noting that each intervention strategy would require its own set of 

guidelines.  The behavioural line of questioning was subsectioned into the 

antecedents of behaviour change, focussing on detecting and understanding 

changes in the intentions and habits of the individual, as well changes in the 

facilitating conditions that surrounded them.  The third and final line of 

questioning focussed on sustainability aspects, including in this particular study 

the consumption of energy, the regulation of comfort and the balancing of 

ethics. 

In attempting to answer these questions, several data collection methodologies 

were applied.  Table  6-6 summarises how appropriate each methodology was 

in providing answers to the three groups of questioning.  Conclusions drawn 

from this table are that a focus group interview is ideal when attempting to 

uncover and gain further discursive insights concerning the individuals’ 

intentions, and how these values and beliefs reside within an ethical framework.  

In addition, the functionality of the design can be discussed, not to provide a 

quantitative assessment but rather to explore if the researcher’s original 

interpretation of the individual’s values and intentions was correct, and that the 

designed intervention was appropriate to the ‘problem’ and to further discuss 

any potential ethical issues that may arise from its uses.  A focus group 

interview, whilst not ideal for summative evaluation, is good for the early 

formative stages of designing a DfSB strategy led intervention.  User trials are 
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well suited to both formative evaluations, to help with the cyclic process of 

understanding and iterating the design, as well as summative, to draw 

conclusions as to the change in behaviour and sustainability impact over time.  

The application of energy consumption and environmental monitoring would 

have, it is predicted, provided both physical and quantitative evidence for any 

measurable change in comfort (through environmental proxies) as well as 

determine if the intervention had actually reduced or increased energy 

consumption, filling in the evaluative gap left from the user trials. 
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Table  6-6 Data Collection Methods Used and the DfSB Data it is Suited to Collect  

In evaluating the intervention in line with the brief, “to change the behaviour of 

opening windows with the heating system active using feedback, in order to 

achieve a reduction in domestic energy consumption whilst maintaining 

comfort”, the answer to the question, did the produced design solution function 

for the specified context, the answer is yes, potentially.  The caveat to this 

positive answer is that the device clearly needs to be iterated to be made more 

in line with the participant’s cognitive understanding of how ‘waste’ is defined or 

the feedback intervention requires further supplementary information to explain 

how the heating system actually works and what the cost benefit may be to 

avoiding such ‘waste’.  In addition, the system of feedback should be expanded 

to include other rooms within the house so to provide a better picture to the 
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tenant on how their home is heated and cooled as a system, and that other 

tenants in other rooms within the household may be able to act upon this 

information. 

Answering the question has the user’s behaviour changed as a consequence of 

the design intervention, the answer is yes.  The provision of information has not 

altered the motivation or intentions of the participants to act; however, by 

providing information feedback, it has allowed the participants to act upon these 

motivations and intentions more efficiently.  Although the action and intentions 

of turning on the heating system is essentially the same as prior to installing the 

intervention, with no significant change, the feedback mechanism provided has 

superseded the habit of waiting for extreme discomfort by increasing 

knowledge and awareness allowing the participant to tailor its control and use. 

Answering the question, is the change in the user’s behaviour sustainable, is in 

effect a composite question concerning an evaluation of ethics and changes in 

comfort and domestic energy consumption.  Whilst it is clear that the values of 

the intervention did not always coincide with the values of the participant, the 

intervention afforded the participant a large degree of flexibility in their response 

to the information provided, allowing them to democratically choose their 

desired course of action.  Intentional outcomes had been identified and 

accounted for, with the few unintentional outcomes that did manifest 

themselves not resulting in unethical outcomes.     
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7 Discussion 

7.1 Introduction 
As part of our moral 

responsibility to maintain the 

ecological, social and economic 

base for present day society and 

future generations, 

environmental targets have 

been ratified by the Parliament 

of the United Kingdom (2008, 

2009) and enshrined within the 

Climate Change Act 2008.  The 

environmental predicament that 

both the UK and global 

communities are in, which has necessitated such legislative action, has been 

propagated, in part, by energy consumed within the domestic sphere and the 

greenhouse gases that are produced as a consequence (Department of Energy 

and Climate Change, 2008).  Prior research has illustrated that more efficient 

technological solutions may not be the solution (Darby, 2006, Mintel, 2009) and 

that, as many authors have argued, it is the behaviour of the user that should 

be the target of intervention, focussing on how the user defines and enacts 

comfort behaviour with the home (Chappells and Shove, 2004, Chappells and 

Shove, 2005, Cole et al., 2008, Shove, 2008). 

This research has explored such energy consuming domestic comfort 

behaviour and interventions that could challenge that said behaviour.  Although 

each preceding chapter of this thesis present their own discussions and 

conclusions in relation to fulfilling the research’s aim and objectives, this 

chapter positions these findings within an expanded remit, discussing the larger 

implications of this research for the research and design communities.  As 

such, the overarching topics of the pursuit for fresh air; the considerations and 

limitations of feedback as a behaviour change strategy; and comparing the 

design intervention process in action to extant DfSB process theory. 
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7.2 The Pursuit for Fresh Air 
In order to effect a behavioural change through design it therefore makes sense 

that a specific behaviour or set of behavioural actions need to be targeted for 

design intervention.  A specific objective therefore was included in the aim and 

objectives of this thesis, research objective 1, section  1.4, designed to 

determine the factors that drive and facilitate the consumptive actions of the 

individual, to form an understanding of the complex cognitive processes and 

facilitating conditions that perpetrated that action.  Using a qualitative approach, 

combining contextual interviews and guided tours, the understanding control, 

comfort and energy in context study within this chapter yielded several 

fascinating findings.  Such findings include the unexpected use of fireplaces as 

an aesthetic focal point and for incidental light, not for heat provision; the 

dichotomy and battle for control between the freezers that always feel cold and 

those that always feel hot; and the pursuit of individuals for freshness and fresh 

air.  The pursuit for fresh air has been of particular interest within this thesis, 

due to both the novelty of the subject and the lack of prior consideration for 

design intervention. 

Bluyssen (2009, 2010) and Nicol and Humphreys (2002), state that air quality 

and thermal comfort control is determined by several physical parameters, such 

as air pollution or temperature with prompts for change manifested through 

levels of unacceptable discomfort, which facilitates corrective action.  The 

intention to act is prompted, considered and acted upon; dependent upon the 

facilitating conditions.  Can the window be opened or closed? Can the 

thermostat be turned up or turned down?  An example of this was closing the 

window when feeling chilly.  However, what this research has also established 

is that habitual response is also present within the pursuit of fresh air, and 

furthermore, is a powerful influencing variable to action.  It was apparent that 

the propensity and vigour of this pursuit for fresh air within this study sample 

illustrated many of the prerequisite conditions for habitual action.  Self-reported 

actions in both pre and post intervention studies illustrated that regardless of 

the indoor air quality and weather, windows were routinely opened, often 

without consideration for the heating system.  So can we still assume that 

intentions are always considered and acted upon? 
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Frequency of past behaviour and high levels of automaticity was evident; with 

actions performed regardless of the external weather conditions and time of 

year when opening windows, although closing windows remained ruled by 

discomfort prompts rather than habitual behaviour.  Interestingly, this view of 

fresh air and airing out as being habitual has also been discussed by Hauge 

(2010), supporting a wider ritualised perspective of fresh air.  In addition, an 

interesting comment from one of the participants encapsulated a notion of 

social and national identity, which has over time become automated: “We've 

always been told us Welsh you've got to open your windows every morning...to 

air the house…my mother always used to do it...and my grandmother so..." 

CA02F.  The wider ramifications for behavioural theory are that an intention to 

act may be prompted and acted upon, such as the social norm of being a 

Welsh mother or the weighting of values towards comfort, however, cognitive 

process over time becomes automated with actions performed without 

consideration of alternatives; dependent upon the facilitating conditions, such 

as time of day or knowledge of heating system control.  Intentions are in fact, 

not always considered and acted upon. 

This research has illustrated that attempting to change the intention of an 

individual with feedback alone does not correlate with a substantial change in 

overall behaviour, as the high degree of cognitive automation exhibited by the 

individuals does not provide an effective or prolonged point in time for the 

consideration and assessment of their intentions and to act upon them.  

Illustrating the temperature of the radiator and ‘waste’ in an attempt to alter the 

individual’s perception and evaluation of outcomes had only a limited effect in 

this doctoral study.  Behavioural action, it would appear, remains largely 

unaffected unless the behaviour change mechanism illustrates a dramatic 

enough change to motivate conscious and on-going consideration and 

reassessment.  Even in the depths of winter when thermal discomfort and 

energy bills were at their highest, windows were still opened daily (pre, during 

and post intervention) with little conscious consideration for its thermal and cost 

impact.  This appears in line with Triandis’ Theory of Interpersonal Behaviour, 

which as Darnton (2008) discusses, prioritises habitual cognition over intention 

and facilitating conditions.  The use of antecedent strategies, such as 
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commitment or goal setting strategies may have helped to concentrate or 

motivate the individual towards more sustainable action, however, 

disentangling the effects of feedback with additional behaviour change 

strategies would have proven problematic without several large groups for 

comparison and control.   

Targeting a second antecedent of behaviour, habit, by increasing awareness of 

action, again did not gain much traction in changing behaviour although it did 

help individuals to tailor their current action and to inform them of any 

erroneous consumptive events.  Although the individual may have been initially 

prompted to consider their actions within a framed problem, without any 

significant change in intentions or facilitating conditions it was likely that the 

individuals simply went back to repeating their actions in a way that they once 

found satisfactory until again it became (or continued being) automated and 

habitual. Therefore, making the individual only aware of their actions was not 

sufficient motivation to change them.  Framing the problem and informing the 

individual that their window was open with the heating on would not change 

action, logically, if there was no motivation or change in intent to do so.  An 

additional explanation for the return to existing behaviour may be that the 

predictability and consistency of the ambient feedback features had become 

less effective over time as receptiveness to new information fades, an issue as 

noted in the WaterBot trials by Arroyo et al.  (2005) and as described by Van 

Dam et al. (Van Dam et al., 2010) as feedback becomes a background 

technology.  The results of the WaterBot trials suggest that variety in 

reinforcement could prevent this cognitive stagnation. 

Changing the third antecedent of behaviour, the structure or facilitating 

conditions may have yielded a change in behaviour, as it may have been 

possible to facilitate or constrain direct action as well as to activate goals (Steg 

and Vlek, 2009), however, this was not explored within this doctoral research.  

It may be reasonable to expect, however, that without due consideration of the 

behavioural structure and decision making processes of the individual, such a 

change may have manifested itself in negative outcomes, such as avoidance, 

misuse or rebound effects in much the same ways as the government’s policy 
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on CFLs, which are still widely rejected by the public (Crosbie and Baker, 

2010).  

This work represents an important and significant step in the research of 

domestic energy consumption and occupant behaviour.  Prior to this work, 

research into heating and air management has been primarily restricted to an 

engineers, quantitative perspective of the built environment, with occupants 

within office buildings perceived as static elements, hence the predisposition for 

measurable parameters as supported by authors including Fanger (1970) which 

have become enshrined in technical standards (for example, BS EN 

15251:2007 (British Standards Institution, 2007)).  Difficulties in changing an 

offices environment to suit each individuals comfort preference has often led to 

searches for universal solutions.  Research in this field from the social 

sciences, meanwhile, is limited to a hand full of discursive studies, such as 

Hauge’s (2010), that don’t effectively capture or consider in depth the link 

between comfort behaviour and action.  This discussion proposes that 

designing to environmental quality parameters alone would not provide 

sufficient motivation to change ingrained individual behaviour and that an 

alternative approach that more fully considers the individuals cognitive 

processes and the behavioural framework in which it is situated is 

required.  There is, after all, no single technical standard that adequately 

accounts for the socio-history of Welsh mothers. 

7.3  The Considerations and Limitations of Feedback as a Behaviour 
Changing Strategy 

7.3.1 Considerations of Feedback 
Feedback, in essence, is an educational tool; a tool that illustrates general 

consumption back to the individual for reflection and framing of a problem, or 

links a specific interaction to a consequence, thereby bridging (and influencing) 

the gap between the individuals intentions and actions with the ensuing 

consequences (Abrahamse et al., 2005, Burgess and Nye, 2008, Fischer, 

2008, Darby, 2010).  Wood and Newborough (2007) suggest that feedback 

should be designed in order to motivate action, as the informational content 
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within feedback alone may not be enough to prompt action.  To this end, a 

series of feedback considerations were drawn together from existing studies 

(section  2.5) which were considered and applied within the design (Chapter  5) 

and evaluation criteria of a feedback intervention (section  6.2).   

This research has discussed and confirmed several key considerations of 

feedback design.  The frequency, duration and accuracy of the information 

allowed the participants to see relatively instantaneously the effects of their 

action, with the impact immediately displayed.  This, in combination with the 

location of the device on the radiator in close proximity to the window, allowed 

for accurate real-time monitoring of the status of their heating system and 

facilitated an initial period of exploration and optimisation; this is all in line with 

the literature.  A breadth of authors, including Fisher (2008), Darby (2006) and 

Abrahamse et al. (2005) have all stated that quick feedback after an action 

reinforces the bridge between action and effect.  In addition, Wood and 

Newborough (2007), Hargreaves (2010) and Fischer (2008) have all suggested 

that duration (for example, instantaneous or weekly consumption) and accuracy 

of the information contribute to maintaining the interest of the individual, also 

making the information meaningful and helping to strengthen the cognitive 

connection between action and effect.  This research supports these features of 

feedback. 

The location of the feedback device, according to Fitzpatrick et al. (2009), 

Anderson and White (2009) and Ofgem’s Energy Demand Research Project 

(2011), should be installed in the individuals preferred location, which they 

found to be the kitchen, living room or main hallway, as this will facilitate 

deliberation.  This presents a problem, as rapid feedback should be located in a 

position that improves the association between action and effect.  If an 

instantaneous feedback device illustrating heating system and window use was 

positioned in an area without either of these interactive elements, such as the 

hallway, one may assume that the benefits of instantaneous delivery and 

interpretation of feedback would be negated.  Within this research, the visible 

location of the intervention on the radiator not only helped to strengthen the 

connection between action and effect, but was also welcomed by the 

participants as it afforded consideration whilst being in a position of comfort.  
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One could extrapolate from these findings that the future for instantaneous 

ambient feedback devices should be as integral devices, installed within the 

device itself to strengthen the cognitive link between action and effect.  As a 

separate unit, which may display more complex or detailed information, the 

acceptance of such a device is contingent on the individual’s preference for 

location, which as illustrated, may not be near the performed action, thus 

weakening its impact. 

A consideration that has not been discussed by other authors is the 

effectiveness of feedback where multiple occupancy is concerned.  Within this 

research it was found that whilst feedback is useful for an individual to assess 

the impact another occupant had on the heating system (such as opening a 

window), that second occupant didn't have either the opportunity to assess their 

own impact (due to location), or that the information that was provided was not 

relevant to their intentions.  Clearly as the number of user’s and actions 

increase, this will have a manifold effect on the number of variables that the 

device will need to consider and be designed for in order to be suitable and 

relevant to all users.  Two possible directions come to mind, either the 

connected system could illustrate every consequence of every action upon 

itself, such as the effect of opening a window upstairs whilst the heating is on 

downstairs, or alternatively, the feedback device itself would need to be 

adaptable to the individual motivations and intentions of each individual.  One 

possible direction that this could take would be to tailor the information (which 

as suggested by Darby (2006), is an effective method of providing information 

relevant to an individual’s distinct intentions) through context and user aware 

technology.  Durrell Bishop in exploring the use of items tagged with RFIDs, 

considers the connection between the user, control and the physicality of 

devices (Moggridge, 2007); suggesting an interesting direction whereby 

interactions could both be physical and bespoke.  A feedback device in this way 

may conceivably respond to the different physical interactions of differing 

individuals with information tailored upon their specific intentions. 

It is also worth discussing the ambient nature of feedback as this research can 

make an important contribution to this area of feedback research.  Whilst the 

literature clearly indicates that ambient feedback must be easy to cognitively 
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map and support implicit evaluation (Fitzpatrick and Smith, 2009, Maan et al., 

2011), how such mapping develops is unclear.  Are we to assume that the 

individual has a clear mental model of how the feedback relates to the action 

and consequence prior to initial interaction with the feedback device, or should 

we provide a mechanism through which this cognitive relationship can be 

developed, and perhaps more appropriately, be shaped?  Interestingly, this 

research study has shown how the participants had generated their own 

cognitive maps in parallel to receiving feedback on action; relating the feedback 

to physical sensation.  Initially it was found that ambient feedback was only a 

prompt for the participants to touch the radiator to determine its temperature, 

however, over the course of the user trials the participants began to accept that 

certain touch temperatures related to specific lights and sounds, generating the 

desired implicit evaluation; eventually the lights replaced touching the radiator 

all together.  The combination of feedback and physical stimulus had created a 

new cognitive mapping between temperature and light that previously had not 

existed, suggesting an interesting direction for the shaping of an individual’s 

perception and interaction with information.   

In some respects, this period of finding and generating of understanding by the 

individual draws parallels with the work of Routarinne and Redström (2007), 

who apply the concept of domestication to understand how the individual 

creates new meaning in intervention technologies through reference to their 

intentions and context.  Applying this concept to feedback, it would appear that 

feedback information does not have a static meaning, but is shaped by the 

individual over time thus affecting the perception and framing of the problem 

and resulting action; a theory supported by the findings of this thesis.  The 

concept of feedback as a dynamic mechanism for behaviour change is also 

suggested within the work of Zachrisson et al. (2011) and Tromp et al. (2011), 

who contend that the distribution of control spectrum, akin to Lilley et al.’s 

(2006) axis of influence, is not a static axis at all but changes over time as the 

individuals perception of the intervention changes.  Feedback itself, therefore, 

may not always be in the same position on the axis. 

An interesting point to consider is whether a form of ambient feedback that has 

developed a strong associated habitual response is still in fact within the users 
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control and decision making capabilities and isn’t, at its most extreme, a form of 

conditioned user automation?  One could easily envisage an axis whereby the 

two extreme poles (user and product) are automated, one through cognitive 

mechanisms and the other through mechanical mechanisms.  Each strategy on 

this DfSB axis could potentially have a sliding scale of effectiveness and control 

dependant on cognitive process over time. 

7.3.2 Limitations of Feedback 
As advocates of DfSB will contend, feedback is a non-coercive approach used 

to change an individual’s behaviour through visual, tactile or aural indicators of 

information; of significance, is that the control of decision making resides with 

the user (Wever et al., 2008, Lilley, 2009b, Tang and Bhamra, 2011, 

Zachrisson and Boks, 2012).  Tang and Bhamra through their Design 

Behaviour Intervention Model (Tang and Bhamra, 2011) posit that the stages of 

habit formation dictate how receptive an individual is to this information and that 

the DfSB strategy should be selected according to this criteria.  Aside from any 

debate concerning specificity and alignment within this model (as discussed 

previously in section  2.6), the general notion, which is valid, suggests that 

feedback is most effective when the stage of habitual formation affords the 

intake of new information, when the individual is aware of their actions during 

the early stages of habit formation.  Working on this principle, establishing 

significant change in domestic energy consuming behaviour, concerning strong 

habitual drivers to control heating and window systems, could be defined, from 

a theoretical perspective at least, as being limited.  This is evident in the results 

of the user trials, whereby despite being able to make an impact concerning the 

slight curbing of behaviour and limited reflection by the participant on their own 

habitual action, ultimately significant savings were not realised.   

Lack of savings may also be attributable to the simple fact that low income and 

low consumption households might not have any opportunity to save, according 

to an analysis of feedback studies by Fischer (2008), however, to consider such 

a stance with those that participated in the user trials within this thesis, despite 

being in social housing, would be a fallacy.  Although the tenants may be 

considered to be of relatively low income, the qualitative research within this 

thesis has illustrated several forms of wasteful behaviour that would provide 
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ample and relatively simple to enact opportunities for energy saving should the 

household have been driven by fiscal and not other concerns, such as the 

pursuit of fresh air and comfort.   

The described limitations of feedback as a behaviour change mechanism also 

potentially has additional significance for UK government policy and the 

associated initiative of rolling out smart meters to all UK households starting in 

2014 (Department of Energy and Climate Change, 2009).  Although conceived 

to aid the UK in reaching the aims of the Climate Change Act 2008 (Parliament 

of the United Kingdom, 2008) one clearly has to question how effective 

feedback through such mechanisms is going to be beyond giving load 

information to suppliers, especially as they are unlikely to shift any stout, 

habitually driven behaviours.  This research has pointed towards considerations 

that would improve the quality and effectiveness of feedback provided, 

however, this author hopes that the government are also considering 

supplementing the feedback from smart meters with other strategies and forms 

of behaviour change intervention.  Policies that seek to modify facilitating 

conditions and unsustainable social and ecological norms will be required, 

along with a combination of antecedent and consequence interventions.  

Products that involve automation or the use of behaviour steering, such as 

Nokia’s zero waste chargers and Fiat’s eco:drive system (examples taken from 

the design-behaviour website (Lilley, 2011)) will need to be also supported and 

encouraged by government policy in order to cover the gamut of intentions, 

habits and facilitating conditions that result in unsustainable, energy consuming 

behaviour.  Whilst feedback has its remit for changing behaviour, it is not a 

large enough basket in which to place all the eggs of unsustainable behaviour. 

Expanding this section to include limitations of other feedback studies, it has 

been difficult to compare this feedback intervention study to others as the focus 

primarily for other studies has been centralised upon the interventions and per 

cent energy savings rather than the design process and the behavioural impact 

of the intervention.  Although focussing on per cent reduction targets does 

appear to carry some logic (as this is how the Climate Change Act 2008 

(Department of Energy and Climate Change, 2009) is framed, for example) 

focussing on per cent savings as a meter of the success of feedback is an ill-
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advised tactic.  This precludes any debate over the actual success of the 

mechanism itself for behaviour change and inhibits progress towards better 

understanding and feedback design.  How has the behaviour framework of the 

individual changed?  What actions are they doing differently?  Are the results 

transferrable to another country with different social norms and conventions?  

How initially was the context and user understanding explored and how do the 

behaviour change results of the evaluation compare?  How was the intervention 

designed, and what was the key criterion considered?    In addition, a change in 

behaviour does not necessarily correlate to a change in energy consumption, 

especially when one considers rebound effects, and to assume so would be 

grossly simplifying the results.  A result of this ‘per cent reduction’ way of 

thinking is that certain research projects concerned with behaviour change may 

be inclined to take the target of their research as matching or beating the often 

cited 5-15% reduction with direct feedback (Darby, 2006) without consideration 

of other behaviour change mechanisms (which don't offer such a formalised 

and tantalising 15% energy reduction).  Had the Carbon, Control and Comfort 

project (the project to which this thesis is aligned) considered the type of 

behaviour change mechanism required following the understanding of the 

‘problem’ that it was trying to solve, it would have been evident that the 20% 

target for reducing domestic energy consumption with feedback (EPSRC, 2010) 

was unattainable and that another DfSB strategy should have been considered.  

A more suitable approach to this project would have been to set the target 

reduction required and to allow the project to determine the most suitable 

mechanism or combination of mechanisms by which to reach this goal after the 

behavioural components of the problem were understood. 

7.4 Comparing the Design Intervention Process in Action to Extant DfSB 
Process Theory 

Described in depth in section  5.2, the decision was made to use an augmented 

model of UCD rather than to generate a new and bespoke interpretation of the 

DfSB design process.  It made sense, to this author, to describe the DfSB 

design process in terms comparable to a design process that already exists 

rather than create another nascent model that lacks supporting case studies.  
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The salient points as to this decision concerned the desire not to add to the 

one-hundred plus design processes as catalogued by Dubberly (2004); to 

create and adhere to a formalised and structured process in order to yield good 

solutions efficiently which can be generalised against extant theory and case 

studies; and to observe UCD principles and iterative design process which 

seem implicit to the aims of DfSB.  This is especially relevant as the current 

DfSB process models are unsubstantiated, linear and without many supporting 

case studies for comparison.  This thesis has transparently illustrated, in detail, 

the design process employed, allowing it to be compared to and results 

generalised against other UCD and DfSB methods, processes and cases 

studies to further the impact of this doctoral research beyond the scope of this 

thesis.  

In terms of producing a formalised and structured process of DfSB, it is difficult 

to argue against the viability of the design process contained within this thesis, 

despite the lack of apparent behaviour change results (the reasons for which 

are as outlined in the previous section).  The Design Intervention Process (as 

presented in section  5.2), illustrates a framework that moves from 

understanding and specifying the context and user, through synthesising 

phases which define the problem space, design direction and solution space, 

and concludes with a rigorous evaluation of the intervention.  All the key 

components are present, theoretically at least, in order to design a behavioural 

intervention; limited only by the lack of a strategy selection process, which was 

considered outside of the remit of this research. If this remit were to be 

expanded, this process would likely be contained within the Intervention 

Opportunities phase, to shape the solution space and design direction.  

7.4.1 First Steps towards Intervention Design 
The initial phase of the Design Intervention Process, understand and specify 

the context and user, is the founding platform on which the rest of the ensuing 

design process must follow.  Although other DfSB authors have included 

additional components for research within this initial phase, it is clear that if the 

aim of a DfSB intervention is to alter the intentions, habits and facilitating 

conditions of the user, in other words their behaviour, then this must be the 

initial priority.   
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Selvefors et al.’s (2011) suggestion that a project should be initially focussed 

through a product analysis, identifying user behaviour and consumption as 

intended and expected from the designer, prior to actually investigating and 

understanding the user and context, to an extent seems nonsensical.  Although 

it may help to direct the research effort towards a general product area or 

inefficiency, it still seems somewhat erroneous to be attempting to identify or 

quantify anticipated behaviour in any meaningful way prior to carrying out 

qualitative (or quantitative) behavioural research.  Indeed, having an 

expectation of what you presume to find, if the researcher is not careful, could 

lead to bias in research protocol or analysis.  A similar argument could be 

levied at the Design Behaviour Intervention Model Design process as posited 

by Tang and Bhamra (2011), that includes a current product and market 

analysis prior to any form of behavioural understanding.  It is unlikely that the 

unexpected use of fireplaces, battles for control between multiple occupants 

and the pursuit for fresh air would have been predicted through such narrow 

attempts to identify expected behaviour and consumption targets.  In order to 

affect behaviour change, understanding the user and their behaviour is an 

essential first step, as that is what drives product interaction, not the other way 

around.  After all, technologies are multistable, and products and interactions 

are an interpretation by the user of the device within the facilitating conditions in 

which the interaction resides, not an interpretation by the designer.   

This research has illustrated that with contextual interviews and guided tour 

data collection techniques, analysed with thematic analysis, a designer can 

effectively understand and specify the context and user in a level of 

psychological detail that affords a full and rich understanding of the 

antecedents of behaviour change; intention, habits and the facilitating 

conditions.  Whilst other researchers have posited the use of such UCD-centric 

techniques, this is the first to use the technique of guided tours, which has been 

particularly fruitful in the collection of data.  The combined benefits of contextual 

memory prompts for the participant and the heighted level of empathic 

understanding and realistic contextual textual for the researcher is far beyond 

that which is likely to occur through a static interview alone or through any other 

non-contextual exploratory methods.  With this knowledge, the designer is in an 
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informed positioned, able to move to the second phase of the Design 

Intervention Process, the development of design opportunities.  

There is value, at this point, in offering a posteriori reflection on the insights 

gathered through the later, evaluation methods of focus groups and user trials 

in relation to the context and user study methods of interviews and guided 

tours.  Could the insights gathered later in this research, during evaluation, 

have been useful during the initial stages of the research when the problem 

space was being defined?  For example, a particularly strong negative reaction 

was noted during the focus groups concerning the concept of feedback and 

information on what to the participants perceived as behaviours weighted by 

‘normal’ values, such as interacting with their heating systems or opening 

windows.  Although the initial context and user investigation had made explicit 

that such actions regularly took place, it had not illustrated any particular 

insights into how the user would react to potential behaviour change 

mechanisms; the values and motivations evoked by the mechanism itself.  It is 

clear that providing a ‘solution’, in effect also provided a prompt for the self-

reporting of intentions, habits and facilitating conditions that may have been 

unconscious without such elicit prompting, concerning both the problem itself 

and potential corrective measures.  For further work this presents an interesting 

opportunity, suggesting that the use of technology, domestication or disruptive 

probes, physical embodiments of a potential solution space within the defined 

problem space, may uncover such values at the front end of research 

(Routarinne and Redström, 2007, Backlund et al., 2006, Löfström, 2007, 

Hoonhout, 2013).  Probes could be developed, for example, that specifically 

test perceived ethical boundaries.  

It is also worth reiterating that the evaluation phase of the Design Intervention 

Process does not necessarily mean the last phase of the process, and that the 

explicit requirement of design iteration (as defined within section  5.2) would 

therefore expect any relevant new information uncovered during this phase of 

research to be considered.  The feedback intervention prototype offered within 

this thesis could, therefore, itself be considered the technological or disruptive 

probe that fires off a new iterative research and design investigation cycle. 
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7.4.2 Focussing the Problem and Defining the Solution Direction 
The second phase of design process activity developed and applied within this 

thesis was entitled the intervention opportunities phase.  This phase has been 

described by this author as a point of synthesis, moving the design process 

from a backwards facing establishing of the problem space, towards a 

processing of qualitative information in order to establish and bound the 

solution space.  In practical terms, with the user and their context understood 

and specified, attention was turned towards defining opportunities for 

behavioural intervention.   

Other DfSB authors have argued for similar reductive and expansive phases 

(Selvefors et al., 2011, Tang and Bhamra, 2011, Zachrisson et al., 2011), 

suggesting the need for an identification of the problems (consumption and/or 

behaviour) proceeded by an identification of design direction.  For these other 

authors, the key focus within these models (and DfSB itself), is primarily 

focussed upon the identification of behaviour and selection of DfSB strategy, 

culminating in what may be argued as unbalanced models of design process as 

other key phases and processes, such as the evaluation phase, are 

represented, and subsequently explored, to a lesser extent.  The design 

process as discussed within this thesis corrected this issue by engaging equally 

with all aspects of the design process and amalgamating the majority of these 

dominant phases within other DfSB process models into the single phase within 

this model; the intervention opportunities phase. 

In the majority of DfSB case studies, and indeed, in design studies in general, 

there is an apparent lack of explanation as to how one systematically and 

robustly moves from the collection and processing of data through to the 

establishing of a new design direction or the refocusing of an existing design 

brief.  Information is collected and analysed with decisions and selections made 

to define the problem space, however the process through which it is selected 

and manoeuvred is usually not adequately described, aside from a solely 

quantitative perspective which may negate the subtleties underlying behaviour 

(such as that proposed by Elias et al. (2008b)).  This is a big issue for cross-

case comparisons, especially for those that are primarily engaged in a 

qualitative understanding and approach to behaviour change. 
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This doctoral research has added to this debate by illustrating through practice 

a method whereby the problem space can be successfully managed through a 

combination of methods and interdisciplinary partners to identify and 

understand the constituent components of behaviour and action, and secondly, 

to control the subsequent path of the design process to ensure a robust 

definition of the problem space and design direction.  The defined, and more 

importantly applied, movement of data within this thesis (from insights to 

insights matrix, and then to opportunity statements and finally refocused design 

brief, as described in great detail in Chapter  5), and the requirement for 

involving team members with disparate epistemologies and skill sets has 

verified a work flow that is open for comparison to other studies due its 

transparency and documentation.  This phase has illustrated its value through 

the quality of the refocused briefs at the end of this phase; a phase ill-defined in 

other theoretical DfSB models. 

7.4.3 Designer or Researcher, or Both? 
The intervention design phase is the phase in the design process in which the 

creativity of the designer is at the fore, generating a range of solutions that 

formalise design knowledge towards the addressing of the opportunities as 

defined in the preceding phases.  Within this thesis, a typically convergent 

approach was followed, starting with the brainstorming of possible design 

directions, followed by the generation of six intervention concepts; culminating 

in a single advanced design concept and an intervention prototype.  No specific 

design tools, DfSB or otherwise, were applied during the intervention design 

phase of this research, however, Zachrisson et al.’s (2011) proposed use of the 

Design with Intent toolkit (Lockton et al., 2010b) during the design process in 

their process model suggests an interesting point to discuss; is there a need for 

design tools during this phase of the design process? 

Implementing a design tool that seeks to change behaviour without fully 

understanding the behavioural antecedents and action that it seeks to change 

may result in product failure due to the potential for misunderstanding or 

misalignment between the designer and their solution with the actual behaviour.  

A tool such as the Design with Intent toolkit can only offer a series of 

suggestions, the uptake and success of which are dependent on the designers 
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in-depth understanding of the user and context, coupled with innate abilities 

and experience.  In some respects, this tool is a superficial prompt, providing 

examples for comparison rather than a method for solving the ‘problem’.  

However, given the relative complexity of behaviour change and the number of 

disparate approaches to change (the toolkit itself presents in excessive of one-

hundred applied examples (Lockton et al., 2010b)), such a tool may be 

appropriate for facilitating discussion within a design team rather than an 

outright linear use of behaviour in, approach out.   

In situations where the designer was not part of the original investigation or is 

new to behaviour change processes and strategies, such as in a classroom 

study or in a limited design case study where the research was collected by a 

facilitator prior to the task, such tools do help to add structure and framework, 

offering direction to the design process.  As illustrated, for example, in the pilot 

studies of Lockton et al. (2009) when tasking students and recent graduates to 

address home lighting and printing inefficiencies.  However, as the success of 

this approach is dependent on the designer’s ability as well as their 

understanding of the problem, perhaps a more pertinent question to ask is must 

the researcher of the problem also be the designer of the solution, as it seems 

vital for the designer to understand all behavioural antecedent research and 

resulting impact in order for the intervention to succeed? 

In this research, the author has been both the researcher and designer, so it is 

therefore impossible to disentangle data collection and design synthesis to 

extrapolate the potential of the designer in just engaging in the latter design 

phase without the former phase.  This is also the case with Tang and Bhamra’s 

(2011) study on the use of refrigerators and Lidman et al.’s study on washing 

detergent (2011a).  In all of these cases, design success could be attributable 

to the designer conducting the research, thereby becoming the researcher, and 

developing empathic knowledge; forming a deep understanding and experience 

of realistic contextual texture.  Even with multi or interdisciplinary support, it 

would be time consuming and difficult, although not impossible, for a fresh 

designer to step into these case studies with a hundred-plus page thematic 

analysis document and copious photos and household maps, for example, and 

still be expected to yield the same quality of output.  In this authors opinion, that 
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leaves two possible outcomes, either the designer must undertake the research 

(as required in the understand and specify the context and user phase) 

themself, or there must be a development in the standardised recording of 

research findings in order for an outside designer to be able to replicate a 

comparable level of quality.  

A more succinct method for the transferring of rich and detailed user and 

contextual information from a study through to design may possibly be 

achieved through the generation of personas, as explored in the work of 

Elizondo (2011).  One conclusion from Elizondo’s work with creating 

multicultural personas within the context of manual dishwashing practices was 

that they were particularly suitable for increasing the level of empathy and 

understanding from the designer towards the user, especially useful during the 

early creative stages of the design process.  Keeping the personas alive 

throughout the design process using mixed media, such as persona-posters 

and videos of personas in action, helped the designers within Elizondo’s (2011) 

study to remain focussed on the user from different perspectives and reduced 

self-referential designing.  Personas have been identified as a useful 

mechanism for translating the complex wealth of user and context data into a 

succinct and comprehensible format for designers.  Whilst the weighty thematic 

analysis document and bulk of contextual materials may contain the same data, 

it is not necessarily presented in the most appropriate or digestible format for 

designers, an issue for consideration in future work.   

In addition, personas are specifically useful for evaluating concepts against 

archetypes where the original users and context are no longer accessible.  

Within the context of this doctoral study, the Merthyr Tydfil cohort was 

continuously available for study and for concept evaluation, therefore, the 

consideration of archetype generation was not discussed until post study (as it 

was never explicitly required).   

7.4.4 Evaluating an Intervention 
If there is one particular area within the DfSB field that has been under 

represented thus far in existing DfSB cases studies or models, it is how to 

evaluate and what criteria to consider when evaluating a design intervention 
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that seeks to change behaviour.  Selvefors et al. (2011) consider the evaluation 

phase as sitting outside of the remit of their DfSB approach; Tang and Bhamra 

(2011) suggest the use of focus groups, which have their limitations, to validate 

concepts; and Zachrisson et al. (2011) suggest the use of their developed DfSB 

to evaluate the potential of the intervention according to relational factors (for 

example, the correlation between obtrusion and chance for breaking habitual 

action).  Consideration of the evaluation phase has, as has been previously 

discussed in section  2.6, noticeably absent or poorly defined bar a few tentative 

steps.  In this author’s opinion, this is due to a predisposition for existing 

authors to focus on DfSB strategy selection, or, the lack of prototyped 

interventions that can be effectively evaluated for behaviour change (possibly 

due to PhD or project time constraints).  Only Lidman et al. (2011a) have 

implemented a similar process with prototypes to that explored in parallel within 

the intervention evaluation phase of this research, correlating a post 

intervention state to a base line recorded prior to installation.   

Key to the success of this evaluation phase was the prototype.  The use of low-

fidelity part prototyping (part as it lacked the aesthetics and final form of the 

intended concept) was instrumental throughout both the focus group and the 

user trials.  The prototype was used in the focus group as a physical prompt 

and within a video storyboard to illustrate both pre and post intervention 

scenarios, helping the participants to focus and understand both the concept 

and the context of use.  Participants were prompted and inspired to compare 

the actions that they saw on the screen, with the actions that they themselves 

perform.  Interestingly, whereas the designer is generally encouraged within a 

UCD to explore actions in situ to develop an empathic level of understanding of 

the participant, this was almost like a mirror image of that process, asking the 

participant to empathise with the artificial scenario construct generated by the 

designer in order to better their understanding for evaluation.  In addition, 

without the prototype, simply put, the user trials would not have existed.  

Evaluation of the function, behavioural antecedents and sustainability aspects 

would have been limited or constrained to theoretical deduction rather than 

generating the qualitative data necessary for evaluation.  Issues pertaining to 

the user’s cognitive interpretation of the devices functions as well as multistable 
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interactions between the user and the device would have been non-existent, as 

would the effects of behaviour change and interaction with the device over time.  

Without a prototype, there can be no DfSB evaluation. 

Findings through practice in this thesis have indicated that focus groups are a 

suitable evaluative data collection method when discussing the designer’s 

interpretation of the user and the problem; gain insight into changes concerning 

the individual’s intentions; and help to frame these changes within the user’s 

ethical framework.  User trials are ideal for cyclical formative evaluation, due to 

the propensity of information provided for iteration, as well as for the summative 

evaluation of change in behavioural antecedents and the resulting sustainable 

impact.  Environmental and energy monitoring, it is predicted, would have 

provided a measure of any change in comfort and illustrate any quantifiable 

change in energy consumption.  One further point worth discussing within this 

chapter is whether the three evaluation questions used to evaluate the 

feedback interventions are transferable to other DfSB strategies and case 

studies? 

To recap, the three questions were: did the produced design solution function 

for the specified context; has the user’s behaviour changed as a consequence 

of the design intervention; and is the change in the user’s behaviour 

sustainable?  Whilst it could be argued that the sub-questions that reside within 

each of these three questions are more bespoke towards evaluating feedback 

in this study context, there is indeed a great deal of overlap and potential for 

evaluating other DfSB strategies applied in different contexts.   

Using Lilley’s (2009b) strategies as a jump off point for this discussion, namely 

eco-feedback, behaviour steering and persuasive technology, there is a 

common target, namely to alter behaviour through design towards sustainable 

benefit.  To that end, each of these three questions is highly relevant, as each 

map to the composite parts of the driving theory of Design for Sustainable 

Behaviour, the design of the intervention, the sustainable impact of the 

intervention, and the resulting behaviour change.  Sub-questions within this 

thesis related to the design of the intervention, such as how does the medium 

of presentation affect a user’s ability to engage with the feedback information, 
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clearly, however, are weighted towards feedback alone and are not applicable 

to the other strategies.  The overarching question is still valid; however, if these 

evaluator questions were to be applied to a different strategy then the sub-

questions would need to be more appropriate to the mechanism employed.  

Feedback seeks to change behaviour through the provision of information and 

therefore these sub-questions are related to this.  If the author was considering 

the evaluation of a behaviour steering intervention then questions related to 

cognitive interaction expectations (such as design semiotics) and the use and 

performance of affordances and constraints (perhaps requiring a physical 

ergonomics assessment) would be required.  Persuasive technologies that 

negate the user’s interaction would perhaps need to be evaluated in terms of 

installation issues and the requirements of monitoring or maintaining the 

technology.  These sub-questions are dependent on the strategy, suggesting 

an area for further research beyond the scope of this thesis that investigates 

and categorises in a similar fashion the questions required under each broad 

strategy. 

The second question, related to the change in behaviour, is different to the first 

in so far as it is not anchored by the strategy, or indeed the application context.  

Although behaviour itself is different dependant on the user and context, 

ultimately the same questions need to be asked, for instance, how did the 

facilitating conditions constrain options prior to the introduction of the 

intervention and, how frequently is the behavioural act enacted, post 

introduction of the design intervention?  These behavioural sub-questions can 

be asked of any behaviour change strategy asked in any context, as the 

antecedents of behaviour are present to an extent within in all action, habitual 

or not. 

The final overarching question set pertains to the sustainability impact of the 

behavioural intervention, asking questions such as, what was the domestic 

energy consumption by inhabitant prior to the introduction of the design 

intervention and are the intervention methods employed by the designer, in 

order to change the user’s behaviour, ethical?  Whereas the first set of 

questions related to design were dependent upon the specific strategy 

employed, this category of sub-questions is dependent upon the specific 
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context in which it is applied.  Again, the overarching question is still valid; 

however, the sub-questions would need to be honed towards the sustainable 

attribute that one wishes to change.  Whilst sustainability is commonly defined 

in terms of three pillars (Bhamra and Lofthouse, 2007), namely economic, 

environmental and social pillars, each of these pillars are contextual.  For 

example, this project is concerned with reducing the amount of Co2 

(environment) generated from domestic energy consumption, whilst ensuring 

that comfort (social) is maintained or increased, and that financial burden 

(economy) is maintained or reduced.  Lidman et al.’s study on washing 

detergent (2011a) may, as a comparative example, be focussed on reducing 

the overdosing of washing detergent (environmental), saving the user money 

(economy) whilst maintaining or improving the quality of the cleanliness of 

clothing (social).  Questions that evaluate the ethical impact of changing the 

user’s behaviour and the ethics of the process itself are not tied to any strategy 

or context, and are applicable to all design interventions.  As previously stated 

by Albrechtslund (2007, p.66), the question of ethics in design is “not optional”, 

and is always present in design and technology. 

7.4.5 The Ethical Thread 
To reiterate Albrechtslund’s (2007) point, ethics, the ethics of the designer and 

the ethics of the user, are a constant presence, to a lesser or greater effect, 

within all technology and action.  Therefore, this discussion, holistically 

speaking, is not limited only to DfSB and its goal of changing behaviour towards 

a sustainable future, but is relevant to all design schemes.  However, in order to 

frame this discussion within the remit of this doctoral work, the pertinent 

question to ask is whether feedback as a behaviour change strategy is an 

ethical strategy, and moreover, why has this topic not been effectively engaged 

with from a DfSB perspective aside from a minute sprinkling of authors such as 

Pettersen and Boks (2008)?   

As both Vries (2006) and Dorst and Royakkers (2006) have discussed, ethics 

and design are akin, in so far as they both require the creative solving of ill-

structured problems.  Ethical problems, like design problems, rarely have a 

single solution, with multiple options and directions explored throughout the 

ethical or design process.  Considering ethics within this vein as a problem 
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solving process, it is unsurprising the lack of progress in expanding knowledge 

in this field due to the lack of relevant DfSB case studies that have engaged 

with the entirety of the design process.  Without case studies and the problem 

solving processes contained therein, ethics have never really been considered 

as an on-going concern.  Theorists, such as Berdichevsky and 

Neuenschwander (1999), propose lists of principles or suggestions as 

statements, often used towards a post rational reflection as to what it should be 

rather than how it can be or is applied and achieved through practice.  As a 

process, the use of a checklist of principles can only have a limited impact.  It 

therefore may be more appropriate to consider the process of solving ethical 

problems.  

Furthermore, as a physical device, feedback is neither inherently ethical nor 

unethical, as the moral responsibility resides with both the designer that creates 

the device and the user that has freedom of choice and action.  Feedback as a 

mechanism has no sense of morality or ability to make decisions; this is the 

responsibility of the designer and user (Berdichevsky and Neuenschwander, 

1999, Fogg, 2003, Pettersen and Boks, 2008).  Therefore, it is the application 

of the designer’s motivations and intent; how moral responsibility is distributed 

and democracy balanced; and finally how the intended and unintended 

outcomes have been anticipated and accounted for within the design process 

that is important to the ethical understanding, control and management 

surrounding feedback.  How can the ethical thread running throughout the 

design process be maintained and managed and to what effect?  Excluding a 

discussion on the data results per se of the design process within this thesis, as 

they are discussed within each relevant chapter, it is perhaps more logical to 

discuss this overarching question and the methods applied at strategic 

junctions of the design process. 

Ethics within this design process have been carefully considered throughout.  

The motivation and intentions of the designer were documented and reflected 

upon throughout the design intervention development phase.  The methods of 

feedback for each concept were clearly presented and potential outcomes, both 

positive and negative were discussed.  By transparently laying bare the 

rationale behind decisions made, the designer and the process become open 
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for internal and external scrutiny and further deliberation, as well as allowing 

the decision making process to be generalizable and transferable to other case 

studies.  As part of this scrutiny, it is insufficient for the designer alone to 

critically evaluate their own process and decision-making, as their own ethical 

framework is unlikely to yield a change in subjective perspective or fully 

account for the larger ethical frameworks at play.  For example, what the 

designer originally considered a non-coercive approach may be more unlikely, 

upon reflection, to be classified as coercive.  Involving a disparate perspective 

or ethical framework may shed light upon aspects not previously considered by 

the designer, thereby helping the designer to navigate the ethical minefield 

towards a more robust moralised solution. 

So how can this discursive and ultimately subjective process be managed?  

Clearly, it is impractical for the designer to be perpetually shadowed by an 

external council of ethical guardians, and furthermore, it is this authors view 

that the use of self-regulating principles and matrices, such as the ethical 

evaluation matrix (Lilley and Lofthouse, 2010), aside from the previously 

discussed debate over its representation of ethical variables (section  2.7), 

enforces a false sense of validity.  To elaborate upon this point, as discussed in 

the previous paragraph the designer’s ethical framework may not be the same 

as the user, or indeed the same as anyone else’s for that matter.  To only 

reference one’s own ethical framework, does not validate the morality of the 

intervention for a wider audience other than that of the designer; the 

intervention may still be ethically unsound from the user’s perspective despite 

the designer’s conscious effort to prevent this from happening. 

The design phase, however, affords natural points for an expanded form of 

discussion and evaluation, an illustration of which is the divergent concept 

selection process within this thesis (discussed throughout Chapter  5).  Taking 

the form of interdisciplinary reviews and a design intervention evaluation, a 

critical review of the motivation, intentions and methods of the designer can be 

implemented, ethically evaluated and deliberated upon; as can the number of 

potential outcomes (the technologies multistability) be built upon from disparate 

perspectives and their impact considered.  This interdisciplinary perspective is 

critical throughout the entirety of the design process, as it helps to add different 
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ethical perspectives upon the same material for review and guidance upon 

design direction.  Throughout this thesis, interdisciplinary teams had been 

consulted during the generation of insights, the creation of the insights matrix, 

the generation of opportunity statements, the process of consolidating these 

statements into briefs, and the evaluation and selection of intervention 

concepts.  At each of these stages, these further perspectives provided an 

additional lens through which to view the progressing work; raising, discussing 

and answering ethical questions that the designer working independently may 

not have considered or may have considered, but then subsequently reached 

an unethical conclusion. 

The end user of the technology also has a clear role to play in this ethical 

deliberation process of designing a behaviour changing intervention; as stated, 

moral responsibility resides with both the designer and the user that interacts 

with an intervention.  Therefore, aside from helping to assess the motivations 

and intent of the designer and the methods and multistability of the intervention 

from their own perspective throughout the design process, in a similar 

reviewing process as the involvement of interdisciplinary team members, 

contributions from the user can also help to ensure that the developed 

technology is democratic.  Involving the user helps to ensure that their decision-

making concerns are exercised and accounted for during the design process 

and that future decisions made during the users interaction with the resulting 

technology will be facilitated, thereby inhibiting the rise of technocracy.  Users 

within this doctoral research were involved in the design process at two key 

points, the understanding control, comfort and energy in context and the design 

intervention evaluation phase; vastly supplementing the designers 

understanding of the user’s requirements and their ethical framework.   

The conflict between the effectiveness of an intervention (which may require 

the use of morally dubious methods and/or total technological agency) and its 

acceptability by the user, as discussed by Lilley and Lofthouse (2010), can also 

be explored by the designer.  The opening section of this thesis,  1.1 Research 

Context, explicitly states that within the UK there is an overarching target of 

reducing greenhouse gases by 2050 to at least 80% of those recorded in 1990 

(Parliament of the United Kingdom, 2008).  However, whilst it may be possible 
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to reduce energy consumption through choice, given the inherent democracy of 

decision-making choice afforded by the use of feedback mechanisms (as 

illustrated by the findings of Chapter  6), it is unlikely that the lofty target of 80% 

is likely to achieved through accurate and ethical feedback and individual 

choice alone.  As the boundary between the individuals accepted values and 

actions gets closer to those decisions and actions that are required to meet this 

target, given free choice, it is likely that the individual will reject what would be 

perceived to be the more negative of outcomes.  Even with multiple iterations of 

the feedback concept presented within this thesis to be more in line with the 

intentions and motivations of the user, it can be assumed that the use of 

accurate and ethical feedback as a behaviour change and energy reduction 

mechanism can only go so far, which may not be far enough, with free choice.   

This presents two options, either feedback itself should be replaced or 

supplemented with additional, more technocratic DfSB strategies and 

mechanisms or the question of ‘what is ethical’ needs to be revised.  The 

framework as developed by Berdichevsky and Neuenschwander (1999) 

provides a moral constant, a benchmark against which to hold behaviour 

changing technologies without question.  However, what is/isn’t ethical changes 

over time, and given the impending urgency of the climate change agenda and 

what the designer perceives their social responsibility to be, it is likely that what 

Berdichevsky and Neuenschwander may consider to be unethical forms of 

persuasion (such as a feedback mechanism that is intentionally inaccurate) 

may become more necessary.  It is this researcher’s belief, however, that 

despite the perceived justification or necessity for any behaviour change, such 

decisions by the designer should not be made in a decision vacuum without 

incorporating and reflecting on the values of all relevant stakeholders. 

The list of questions asked by the designer in the intervention evaluation phase, 

as listed in section  6.2, do not seek to be moralistic, rather they are a 

proposition of considerations by the designer.  They are not necessarily 

designed to be solely reflective, but as a platform from which to integrate other 

relevant perspectives.  Rather than stating that “the motivations behind the 

creation of a persuasive technology should never be such that they would be 

deemed unethical if they led to a more traditional persuasion” (Berdichevsky 
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and Neuenschwander, 1999, P.52), from the perspective outlined above it 

would be more logical to ask “was the designers original motivation for 

designing a behaviour intervention ethical?”. This allows for a wider discussion 

with the users and independent experts without relying on an implicit 

understanding of the universal moral framework of ‘traditional’ methods, that 

may not be applicable in every context.  Decisions can be made in reference to 

the moral frameworks of relevance. 

To conclude this section of the discussion, it is fair to state that the on-going 

dialogue between the designer, an interdisciplinary team and the user, has 

been shown through the work contained within this thesis to assist in the 

democratisation of the design process and the resulting intervention, and 

furthermore, aid in the predication, evaluation and solving of moral problems.  

The ethical thread within this design process has been shown to greatly 

enhance the ethical robustness of the resulting intervention. 
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8 Conclusions and Future Work 

8.1 Introduction 
In this, the final chapter of the 

thesis, the body of work that has 

comprised this doctoral study is 

concluded.  Describing how the 

research aim and objectives 

were met, this section goes on 

to state the overall conclusions 

that arose from this PhD, 

bringing together the 

conclusions of the preceding 

chapters.  The limitations of this 

research are then reflected upon 

and this research’s contribution to knowledge is clearly stated.  This thesis is 

then concluded with recommendations for further work. 

8.2 Meeting the Research Aim and Objectives 
This section details the research activities as carried out within this thesis, 

describing how they fulfil the objectives of the research aim to investigate how 

DfSB models and strategies can be implemented within a structured design 

process towards the reduction of domestic energy consumption. 

1. To execute a comprehensive literature review that will cover factors that 

influence household energy use, strategies that promote behaviour 

change, DfSB theory and practice and the ethical implications of 

changing behaviour through design. 

This objective was achieved within the second chapter of this thesis - Chapter  2 

Literature Review.  Within this chapter, research questions were developed to 

guide the literature review, directing the research’s scope towards five areas of 

research interest: the factors that influence domestic household energy use and 

consumption; the antecedent and consequence interventions that aim to 
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promote a change in behaviour; feedback as a behaviour changing strategy; 

DfSB theory as a framework and process of designing for behaviour changing 

strategies; and finally, the ethical implications and challenges of attempting to 

change behaviour through design.  Knowledge in these five fields was 

accumulated and major gaps in knowledge were identified, completing this 

research objective. 

2. To understand how inhabitants of social housing properties define and 

control comfort and its associated impact on their domestic energy 

consumption. 

This second objective was achieved within the fourth chapter of this thesis – 

Chapter  3 Research Methodology.  Following a pilot study, seven social 

housing homes within Merthyr Tydfil, Wales, participated in semi-structured 

contextual interviews and guided tours.  The data collected and subsequently 

analysed with thematic analysis, presented four themes: type (thermal, safety, 

aesthetic, activity based, light, aural, physical and freshness); place (micro, 

meso and macro placement); social (people, community, negotiations and 

conflicts); and regulation (knowledge, controls, money and meters).  The 

findings were discussed in relation to an augmented behaviour model, the 

Theory of Interpersonal Behaviour, completing the second objective and 

informing the third objective of this research. 

3. To design and produce a feedback intervention prototype that intends to 

reduce domestic energy consumption whilst maintaining inhabitant 

defined comfort levels. 

This third objective was achieved within the fifth chapter of this thesis, 

Chapter  5 Design Intervention Development.  Within this chapter, the design 

process was discussed, culminating in the Design Intervention Process, of 

which the remainder of the chapter was concerned with implementing the 

intervention opportunities and intervention design phases.  The themes from 

the previous chapter were developed through a moving of data from defining 

the problem space towards design direction.  This was achieved through a 

process of drawing out insights from the themes, the use of an insights matrix 

followed by an abstracting of relevant insights into opportunity statements and 



Conclusions and Future Work 

248 
 

finally, into refocused briefs.  The selected brief was followed by an expansion 

of knowledge concerning comfort parameters, before the intervention design 

phase went through a convergent and divergent series of design and 

evaluation activities, supported throughout with interdisciplinary teamwork.  The 

chapter ends with the production of a feedback intervention prototype and a 

reflection on the design phase activities, thus completing this third objective and 

providing a viable physical intervention mechanism for objective four. 

4. To evaluate the feedback intervention prototype, using assessment 

criteria developed from the literature review. 

This final objective was achieved within the sixth chapter of this thesis, 

Chapter  6 Design Intervention Evaluation.  Concerning the intervention 

evaluation phase, this chapter developed evaluation criteria and used this 

knowledge towards the evaluation of the prototype.  Evaluation criteria 

developed from the literature review were sub divided into three key questions: 

did the produced design solution function for the specified context; has the 

user’s behaviour changed as a consequence of the design intervention; and is 

the change in user’s behaviour sustainable?  Through the thematic analysis of 

focus group interviews in Loughborough and Manchester, and prototype user 

trials with two of the Merthyr Tydfil social housing participant homes, these 

three questions were answered and the use of data collection techniques was 

reviewed, completing the fourth and final objective of this research. 

The aim of this doctoral research was to investigate how DfSB models and 

strategies can be implemented within a structured design process towards the 

reduction of domestic energy consumption.  In using an exploratory research 

approach, this research has gained new insights into these fields, addressing 

several key gaps in knowledge concerning their theoretical underpinnings and 

implementation in practice.  The aim of this research has been achieved.  The 

following section draws together the key conclusions from the findings and 

discussion points throughout this thesis. 
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8.3 Conclusions 
In establishing an understanding of the user and their context, comfort has 

been shown to be a complex assemblage of thermal aspects, dimensions 

related to light, sound quality, physicality and the desire for freshness.  Within 

this assembly, the pursuit for fresh air has been shown to be a vigorously 

pursued behaviour that intersects on varying levels with the users comfort and 

intentions, the user’s ability to control their surroundings and is often strongly 

habitual.  Overtime the cognitive processes that initialised the intention to open 

windows for the purposes of airing out have become automated with actions 

performed without consideration of alternatives and are dependent upon the 

facilitating conditions, such as time of day or year.  Understandably, therefore, 

the application of a feedback intervention to instigate new intentions has not 

produced a substantial change in overall behaviour, as the high level of 

automation did not allow an adequate cognitive window through which the user 

could consider and assess the new information.  This low level of awareness 

coupled with low motivation, resulted in any small changes in behaviour 

returning to their original state (although the benefits of prompting one off 

actions such as balancing the heating system for winter have clearly been 

stated as a success).  Clearly, for a feedback intervention to succeed in 

changing the behaviour of habitual action, it must not only break through this 

level of cognitive automation but also be tailored such that the information 

emphatically motivates the user to change according to their intentions.  

Without these two key qualities, a feedback intervention that changes habitual 

behaviour, as shown, is limited.  The limitation of feedback when attempting to 

challenge entrenched habitual behaviour also has obvious significant 

implications for the UK governments policy on the mandatory role out of smart 

meters in 2014 (Department of Energy and Climate Change, 2009).  This thesis 

concludes that supplementary measures are required if there is to be any hope 

of reaching the targets of the Climate Change At 2008 (Parliament of the United 

Kingdom, 2008). 

Although this research confirms prior knowledge that frequency, duration and 

the accuracy of information are key components in the design of feedback 

interventions, it also substantially builds upon an understanding of criteria 
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concerning the feedbacks location and ambient features, as well as its interface 

with multiple users.  Ambient feedback interventions should be viewed as a 

distinct subcategory of feedback with different requirements to, for example, 

home energy feedback monitors that present aggregated measurements.  If 

device specific, ambient feedback should be integral to the device on which 

they report to strengthen the cognitive link between action and effect.  When 

designing an ambient feedback intervention, consideration needs to be given to 

how the associated cognitive map develops in order to support implicit 

evaluation.  This thesis has illustrated how a new cognitive map can be 

developed in response to physical stimulus, suggesting a new direction in the 

designing of DfSB strategies.  It can also be concluded that the interaction of 

multiple users has an impact upon the effectiveness of information as a static 

form of feedback (i.e. one that cannot changes its metrics, format and media) 

cannot adequately tailor itself to each individual set of intentions and facilitating 

conditions (such as level of education).  Where a feedback intervention is 

required to be used by multiple users, consideration needs to be given by the 

designer as to how this can be achieved without compromising the other key 

components of information display. 

Several conclusions can be drawn from the construction and practical 

implementation of the Design Intervention Process throughout this thesis.  In 

general, the augmented model of user-centred design [UCD] has been shown 

to be effective in the design of a feedback intervention, even though the 

feedback intervention itself was unsuccessful in changing behaviour.  The 

design process within this thesis has successfully illustrated a  path from 

understanding and specifying the context and user, through a synthesising 

phase that has defined the problem space and the design direction, the 

designing of a DfSB strategy-led feedback intervention and concludes with a 

rigorous evaluation, considering the functionality, sustainable impact and ability 

of the intervention to change behaviour. 

It can be concluded that the use of contextual interviews and guided tours are 

very effective data collection techniques for the designer to understand and 

specify the context and user in rich level of behavioural detail.  Contextual 

memory prompts help the participant to recall or situate himself or herself within 
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the interview, whilst the deep levels of empathic understanding and immersion 

in realistic contextual texture help the designers understanding, leading to 

better definitions of the problem and solution spaces. 

Augmenting a standard model of UCD with an interdisciplinary intervention 

opportunities phase, it can be concluded, provides a much needed robust 

stepping-stone between defining the problem space (understanding and 

specifying the context and user phase) and engaging with the solution space 

(intervention design phase).  Without this phase, the problem and solution 

spaces would be too ill-defined for practical design direction.   

It is impossible within this research to disentangle the data collection activities 

and the design synthesis and evaluation phases.  It is, therefore, impossible to 

determine what the relative success of each phase would have been if they 

were conducted independently.  Whilst this has not been an issue for this 

doctoral thesis, it is important to conclude that this potentially leaves two 

potential directions for the designer.  The designer either becomes both the 

designer and the researcher, engaging with the user directly in all phases of the 

design process, such as in this thesis, or the designer is only the designer, and 

the research aspect is outsourced to other agents.  If the latter option were to 

be considered, new methods of transferring the contextual elements of 

researcher would need to be developed as this is vital to a designers 

understanding of the actions and behaviours of the user, and therefore, is vital 

to the interventions success. 

The evaluation phase of the implemented design process is by far the most 

important phase concerning this body of works contribution to new knowledge.  

It can be concluded that the use of a prototype is invaluable to the evaluation of 

a behaviour changing intervention.  Used as a research tool within focus groups 

a physical manifestation of the concept, at whatever fidelity, can be used as a 

physical prompt and can also be used in defining pre and post intervention 

scenarios; prototypes focus the participants and help them to understand the 

context and its envisaged context of use.  Within a user trial, a functioning 

prototype is a necessity.  Without a working intervention model, it would be 

impossible to evaluate the interventions functionality and changes over time of 
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the user’s behavioural antecedents and sustainability impact that constitute a 

DfSB intervention evaluation.  Furthermore, vital issues related to the user’s 

cognitive interpretation of the products functions and potential multistable 

interactions could not be discussed or considered.  Concerning evaluation 

methods, it can be concluded that whilst focus group interviews are useful for 

gaining discursive insights into the intentions and ethics of a user, as well as 

how the technology may be interpreted and appropriated, they are not ideal for 

summative evaluation or evaluation over time or in context.  User trials coupled 

with pre and post intervention base lining, however, afford this evaluation over 

time and in context, allowing for a fuller evaluation of the designs functions, the 

change in behavioural antecedents of the user and the consideration of 

sustainable impacts.  In order to provide a quantitative evaluation, a form of 

consumptive or environmental monitoring would be required over time. 

This thesis has demonstrated that the questions asked by the evaluator of a 

DfSB intervention can be subdivided into three fundamental questions: did the 

produced design solution function for the specified context, has the user’s 

behaviour changed as a consequence of the design intervention, and finally, is 

the change in user’s behaviour sustainable?  These three fundamental 

questions can be further disaggregated to give additional resolution to these 

questions (please refer to section  6.2); broadly concerning the:  

• functionality and usability of the intervention (criteria dependant on the 

DfSB strategy);  

• the intentions, habits and facilitating conditions of the user in context – 

the behavioural antecedents (criteria applicable to all DfSB strategies);  

• and thirdly, the sustainability impact of the intervention which in this 

context was considered in terms of energy, comfort (criteria dependant 

on the intervention context) and ethics (criteria applicable to all DfSB 

strategies).   

These three questions have been applied within the intervention evaluation 

phase of the Design Intervention Process within this thesis, with the results 

answering the change (or apparent lack thereof) in behaviour and the 

sustainable impact of the intervention.  The richness and depth of the 



Conclusions and Future Work 

253 
 

understanding as to the interventions success and failings is vital to an iterative 

design process, such as the Design Intervention Process, in order to improve 

the intervention in subsequent iterations. 

Feedback as a strategy is neither inherently ethical nor unethical, as it has no 

capacity to make decisions.  This thesis has concluded that as the designer 

and the user are those tasked with the freedom of choice, it is the rationale and 

decision making structure that underlies the designer’s motivations and intent 

that is of interest; how moral responsibility is distributed and democracy 

balanced to avoid technocracy; and finally how the intended and unintended 

outcomes have been anticipated and accounted for within the design process. 

Furthermore, a transparent and documented design process is a necessity, 

supported with interdisciplinary reviews and user involvement throughout the 

design process.  Transparent documentation of the processes of the designer 

lays bare the work for internal and external ethical review as well as allowing 

the results and design making processes to be generalized and transferable to 

other case studies.  Interdisciplinary reviews throughout the design process 

afford a critical review of the motivations, intentions and methods employed by 

the designer from disparate perspectives, allowing the decisions made to be 

evaluated and deliberated upon and potential outcomes considered.  

Interdisciplinary working adds additional expert lenses through which to view 

and review the intervention outside of the designers own perspective.  The 

design process has several convergent points in which interdisciplinary reviews 

naturally fit, such as in the selection of insights or concepts and the evaluation 

of prototypes.  Users must also contribute significantly to the design process in 

much the same way as the interdisciplinary team.  Not only does this help in an 

evaluation of the surrounding ethical issues and a consideration of an 

interventions multistable possibilities, but also helps to ensure that the decision 

making concerns of the user are exercised and accounted for, thus inhibiting 

the rise of technocracy.  User involvement during the understand and specify 

the context and user, and, intervention evaluation phases has been shown to 

be beneficial to the design of an intervention.  Open and on-going dialogue 

between the designer, user and an interdisciplinary team throughout the design 
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process is a necessity to maintain the ethical thread throughout the design 

process and which culminates in the resulting intervention. 

8.4 Contribution to Knowledge 
Design for Sustainable Behaviour is in an embryonic state, evolving from its 

foundation and focus on defining strategies within an axis of influence by early 

researchers such as Lilley et al. (2006), Wever et al. (2008), and Elias et al. 

(2008b), into a cohesive and applied approach to affecting sustainable 

behaviour through design.  With several concurrent researchers active in the 

field, focussing on a broad range of DfSB considerations such as further 

refining the axis of influence or working out methods, guides or tools for 

strategy selection (Lockton et al., 2010a, Selvefors et al., 2011, Tang and 

Bhamra, 2011, Zachrisson et al., 2011), it is unsurprising that there is not one 

single DfSB model or categorisation of strategies to which all researchers 

subscribe.  Equally disparate are the ways in which this knowledge has been 

accumulated and applied, with the design processes and methods used varying 

from project to project.  As such, several areas of DfSB interest either overlap 

or have not been adequately explored to ensure that DfSB reaches maturity.  

The research contained within this doctoral thesis has addressed many of 

these gaps in knowledge, focussing on the practical application of a Design 

Intervention Process, whilst also supplementing knowledge of behavioural 

research, the design of feedback interventions and the surrounding ethical 

questions.  The contribution to knowledge made by this doctoral thesis can be 

succinctly stated as: 

• The development and implementation of a practical, qualitative approach 

to understanding user behaviour within a design process.  Through this 

approach, which involved the use of contextual interviews, guided tours 

and thematic analysis, it has been possible to disaggregate the 

behavioural antecedents that drive action; the users’ intentions, habits 

and facilitating conditions.  

• The definition and linking of theories of comfort within this study, yielding 

several unexpected findings and contributions to our understanding of 
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comfort within social housing.  These include the purchase and use of 

fireplaces as an aesthetical focal point of the living room and not for heat 

provision; the on-going battle and conflict between those that always 

feels cold and those that always feel hot, and of key significance and 

novelty, the individual’s pursuit for fresh air. 

• The exploration in detail of the considerations and limitations of feedback 

as a behaviour changing strategy.  Several key considerations have 

been confirmed and further refined from the pertinent literature, with 

several new considerations, including the location of ambient feedback, 

the consideration of multiple users and issues pertaining to implicit 

evaluation and domestication having been explored.  The limitations of 

feedback in changing the behaviour of engrained habitual behaviour 

have been defined within this research context. 

• The formulation and application of an augmented user-centred design 

process in its entirety based on the implicit requirements of DfSB as 

discerned from the review of literature.  Through its practical application, 

phases and techniques concerning the understanding and specifying of 

the context and the user have been developed; a synthesising phase 

that defines the problem and solution spaces as well as design direction 

has been applied; and the steps towards the designing of an intervention 

have been enacted - all building upon the limited partial design 

processes previously defined by DfSB authors. 

• A key contribution to knowledge within this Design Intervention Process, 

was the final phase, the intervention evaluation phase.  This phase 

discussed and applied a series of evaluative methods and formulated a 

tripartite questioning framework targeted specifically at evaluating the 

constituent parts of DfSB.  The significance of prototyping within a DfSB 

design process was established through design practice. 

• The definition and practical implementation of an approach for 

maintaining an ethical thread throughout the design process, illustrating 

how the intent, motivations and methods of the designer can be 

assessed, multistable outcomes considered and democracy in decision 
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making maintained.  The significance of user and interdisciplinary input 

throughout the design process was established through design practice. 
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8.5 Limitations of the Research 
Whilst this research has made significant contributions to knowledge, it is worth 

considering the limitations of this research in order to put the accrued 

knowledge into context. 

Aside from the limitations as noted in the project context, section  1.2, temporal 

considerations have had an impact on this doctoral research.  The three-year 

duration of the PhD in parallel to the three year duration of the wider Carbon, 

Control and Comfort project to which this body of work is attached has to an 

extent dictated the research timetable.  Although this doctoral work is not 

beholden to the wider project, in order to maximise the interdisciplinary 

approach and involvement of participants, as described elsewhere within this 

thesis, a certain degree of project synergy was required.  Such time 

considerations have manifested themselves in the limitation of the Design 

Intervention Process, only allowing one pass through the design process with 

no time available for iteration; the user trial not being longitudinal (four months 

can hardly be considered as such) and the lack of available time for an 

evaluation of post intervention residual effects on behaviour change. 

A further limitation arising from association with the CCC project was the limited 

number of participating households available for the user trials.  As the homes 

initially recruited to this study had to be used for a series of different 

interventions (from both within Loughborough University and from other project 

partners), the resulting number of households available in which to run the user 

trials was limited to two.  Such a small sample size makes the evaluation of any 

prototype, from a design perspective, difficult, as it is difficult to extrapolate or 

generalise findings beyond the small sample.  From a theoretical perspective, 

learning occurred through enacting the process and practice, and therefore to 

an extent the number of homes installed with a prototype is a moot point.  It 

was considered that different interventions could be installed concurrently or 

sequentially within the homes, however, it would be impossible to disaggregate 

the effects of each intervention. 
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8.6 Recommendations for Further Work 
Although this thesis has contributed to knowledge and the developing field of 

Design for Sustainable Behaviour, it is acknowledged that there remain many 

questions yet to asked and directions pursued to progress this field.  This, the 

final section of this chapter, outlines a few key areas that are ripe for such 

further work and investigation. 

A key recommendation for further work is for a second iteration of this Design 

Intervention Process in practice in order to further refine and hone the process 

of design.  Iteration is also a fundamental requirement of UCD, with the 

designer furthering their understanding of the user and context through design 

and evaluation phases.  Iteration of the design process and within the design 

process is fundamental to the optimisation of behaviour changing interventions.   

This thesis has illustrated that interdisciplinary work throughout the design 

process, in parallel with working with the user, is a necessary requirement of 

intervention design.  Further work must be done on how best to incorporate this 

interdisciplinary teamwork aspect within the Design Intervention Process, 

encouraging discursive dialogue without hindering progress over debates 

concerning ontology or approach (such as the on-going debate within this field 

of practice theory versus behaviour theory).  It may be more appropriate within 

the design process to consider the feasibility of interdisciplinary deliverables to 

foster responsibility and research direction or the use of knowledge transfer 

sessions between disciplines.  Further work must also be done on establishing 

the feasibility of disaggregating the design and research aspects of the Design 

Intervention Process whilst maintaining the ethical thread, user/context 

understanding, and the movement of data and design intent; as in the real 

world application of this process, the designer cannot be guaranteed to be the 

researcher. 

The evaluation criteria derived from Chapter  2, applied in Chapter  6 and 

discussed in Chapter   7.4 have demonstrated the limitations of these questions, 

highlighting that further work is necessary in order to develop these questions 

to be more appropriate to different intervention strategies and contexts, and the 

sustainable metric under investigation.  Applying the same questioning criteria 
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to other feedback intervention case studies will also help to make the questions 

more robust, as the questions developed within this thesis can be considered a 

first exploratory iteration. 
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Appendix F. Main Study Thematic Map 
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Appendix G. Insights 
Theme Code Insight 

Primary 

Heating 

Systems and 

Controls 

M01 

 

 

 

 

M02 

 

 

M03 

 

 

M04 

 

 

M05 

 

M06 

 

M07 

Timers and programmers were not used by any tenants, finding 

them restrictive, redundant, and wasteful.  Tenants preferred to turn 

on/off the heating when required, often with a stay at home occupant 

in control.  Timers were only used to prevent pipes from freezing 

during extended away periods. 

The heating was physically turned on/off with either the switch 

directly on the boiler, or by setting the thermostat.  A desire for 

physical control. 

Control and use of the heating system related to perception of the 

fuel type and associated costs, as well as (often incorrect) heuristic 

perceptions of the appliance. 

Despite strong heuristics regards heating systems, there was a 

general lack of awareness as to the cost of electric appliances left 

on standby. 

Often the heating was set high to compensate for windows having 

been left open to circulate ‘fresh’ air. 

One tenant regularly adjusted the hot water temperature dependant 

on the task. 

The lack of control over the primary heating system can lead to 

frustration and inefficient practices, such as the use of additional 

heaters, the opening of windows, or the use of kettles to supplement 

water temperature. 

The Built 

Environment 

and the use of 

Built in 

Secondary 

Heating 

M08 

 

 

M09 

 

M10 

M11 

 

 

M12 

 

 

M13 

Draught and ‘problem’ resolution is delegated between the tenant 

and MTHA, although this is often ‘grey’, or dependent upon the 

tenants DIY capabilities.   

Changes in the built environment or decorating may affect room 

usage and routines. 

Faux airing cupboards with radiators are not used for this purpose. 

Unwanted draughts caused by vents, as well as ill-fitting windows, 

doors and unsealed chimneys are a major contribution to thermal 

discomfort.  In many cases, vents have been blocked or closed. 

The attainment of ‘fresh’ air is equally or more so of importance than 

thermal comfort, with several observed practices involving the use of 

opening windows. 

With the airing cupboards in the majority of properties removed, the 

majority of clothes drying has transferred to radiators and clothes 

horses, or outdoor washing lines. 
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Direct 

Experience 

M14 

 

M15 

 

M16 

 

 

 

 

M17 

 

 

 

 

M18 

 

 

 

 

M19 

 

 

M20 

Experiential knowledge built through occupation, such as a builder, 

was used to evaluate current homes. 

Several tenants showed levels of computer literacy and for some, 

showed a preference for various human-interface social interactions. 

The few tenants with technical literacy with regards knowledge of 

building fabric and related technical devices allowed them to carry 

out minor domestic repairs.  Those without the technical knowledge, 

in a few cases attempted the work anyway, reassured that MTHA 

would rectify any serious errors. 

Through experiential learning of how the heating system works, 

tenants plan or control tasks based around the systems 

performance and limitations, such as how many showers can be 

attained from a full hot water tank, or washing clothes on a day that 

tenants have recognised the hot water temperature is higher.  

Several senses are involved in signalling functionality or comfort 

performance, such as thermostats and boilers that give audible 

‘clicks’ when turning on, or tenants only knowing if something is 

wrong with the heat pump if the home or water temperature 

changes. 

Some understand what main lights signify (on the boiler) but not all 

with confidence and do not always know what any warning lights 

are. 

Tenants evaluated the comfort performance, cost, and control of 

their current property in comparison to homes they previously had 

lived. 

Indirect 

Experience 

M21 

 

 

 

M22 

 

 

 

 

M23 

In the case of the sheltered housing complex the development of 

shared values or communal knowledge as to how to appropriately 

use the communal facilities was the subject of sustained effort for 

many residents. 

Judgements and evaluations as to the comfort performance of the 

house, how to run it efficiently and judgements were often made on 

the basis of comparisons with what they had heard from friends, 

neighbours, family members, or locals with the same heating system 

type. 

Some tenants referred to knowledge of their house or heating that 

had been imparted by ‘experts’ of various kinds.  This was not 

always agreed with, in several cases causing conflict against the 

tenant’s opinion. 
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Additional 

Artefacts 

M24 

M25 

 

 

M26 

 

M27 

 

 

M28 

Throws and blankets form both thermal and aesthetic comfort. 

Sheltered housing tenants with electric storage heaters have to 

supplement the heat at different times of the day with halogen 

heaters due to a lack of control over output. 

Clothing can balance out the different thermal comfort preferences 

between household members. 

Tenants may actively seek to reduce thermal discomfort when too 

hot using electric fans; in most cases found in the living rooms or 

bedrooms and used in the warmer weather. 

Particular items of clothing, such as dressing gowns, and quantity of 

clothing may become routinized or activity dependant. 

Room and 

Heating 

Control 

M29 

 

M30 

 

 

 

M31 

 

 

M32 

 

M33 

 

 

 

M34 

Most of the households with room thermostats were located in the 

hallway (with one in the kitchen). 

Many tenants reported the thermostat being set between 15oC and 

20oC, although some turned the thermostat to its maximum if they 

wanted the house to warm up quicker, then returning back to the 

original setting. 

Several thermostats were believed to be positioned poorly, such as 

in the kitchen or near to a heat source, resulting in practices where 

the thermostats being turned higher to compensate. 

Most tenants with gas central heating had TRV’s.  Those tenants 

without any form of regulation or control wish that they did. 

Set on different settings in different room’s dependant on: how cold 

the room normally gets; how warm or cold the room feels at any 

given time; the activity planned for the space; to reflect individual 

thermal preferences for particular rooms. 

Poorly positioned heat sources reduce heat distribution, in many 

cases leading to disuse. 

Lighting 

M35 

 

M36 

 

M37 

 

M38 

Sidelights, lamps, and candles were found to be preferred by many 

of the participants when trying to relax.   

Ceiling lights were perceived to be harsher; suitable for completing 

tasks. 

Many participants consider fireplaces in the living room as an 

aesthetic focal point, to provide incidental lighting and not heat. 

Tenants regulate natural light (and the thermal comfort it may 

provide) through the use of windows, blinds, doors, and curtains. 
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Cost and 

Meters 

M39 

 

 

 

M40 

 

M41 

 

M42 

 

M43 

 

 

M44 

M45 

 

M46 

M47 

 

M48 

 

 

M49 

 

M50 

Those houses with a prepayment or credit meter installed for gas 

and electric interacted regularly with their meters and to monitor 

energy consumption (in terms of how much money was left on the 

meter). 

Some tenants routinely checked meters, going to a regular purchase 

point, and topping up on specific days of the week. 

Some prepayment meters are not ideally situated for physical 

access. 

The use of meters allowed participants to be aware of the 

consequences of using more energy intensive appliances. 

Those households, who had direct debit meters, never read their 

own meters, relying on external meter readers to routinely read their 

meters and provide them with accurate bills. 

Typically, tenants reported being happy with their energy bills. 

One tenant consciously tries to use less energy for fear of a high 

energy bill over the recent cold winter period. 

Waiting for a bill can be stressful, affecting energy use. 

Cost factors extend beyond bills, to include the payment of 

consumables such as light bulbs. 

Several tenants found low energy light bulbs prohibitive due to their 

aesthetics, or to the cost associated with sourcing more aesthetically 

suitable replacements. 

One tenant believed that the cost of energy is irrelevant as it is a 

necessity, and therefore doesn’t worry about how much is used. 

During the winter, most tenants received a payment for fuel from 

their energy providers, which had been positively received and 

covered the majority of bills. 

Health 

M51 

 

 

 

M52 

M53 

Certain ailments restrict certain activities or interactions, such as 

reaching certain parts of the house, having access to the boiler, 

particular pets are no longer tenable, and some ailments require 

special care or management. 

Ill health can generate specific routines. 

Thermal comfort artefacts may also be health related (e.g. use of hot 

water bottle to provide localised heat on pain source, or the use of a 

blanket or clothing layers to compensate for the body temperature 

lowering effects of medication). 
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General 

Perceptions of 

Comfort 

M54 

 

 

M55 

 

M56 

 

M57 

 

M58 

 

M59 

 

M60 

 

M61 

 

 

M62 

Sound can affect comfort.  Tenants showed that noise that they 

controlled, such as leaving a TV on when going to sleep, increases 

comfort. 

The living room was described as the most comfortable space in the 

home (5/7), along with the main bedroom (1/7) and kitchen (1/7). 

The definition of a comfortable space by the tenants not only 

includes thermal parameters, but also is dependent on activity. 

The kitchen was described as the least comfortable space (3/7), 

along with the bathroom (2/7), living room (1/7), and upstairs (1/7). 

The definition of a least comfortable space tended to focus on poor 

thermal comfort and poor decoration. 

Tenants tend to relax in either the living room, in a chair or settee, or 

in bed, in the bedroom. 

Leisure activities tend to be sedentary, such as watching TV or 

DVDs, playing games, using the computer, drinking, or reading. 

Tenants tended to locate themselves within a room according to 

proximity to a source of comfort or discomfort, or in combination with 

an activity. 

Noise out of the tenant’s control, such as loud music from another 

household member or the constant sound of the heat pump, have a 

negative comfort impact. 

‘Theories’ of 

How Things 

Work 

M63 

 

M64 

 

M65 

 

M66 

 

 

M67 

One tenant believed that by running the home at a constant 

temperature, the amount of energy used would be less. 

One tenant reported turning down radiators either down or off in 

order to prevent their ‘taking heat from elsewhere in the house. 

One tenant believed that loft insulation is inadequate to retain heat 

with the house without additional insulation between the rafters. 

Several differing theories about how to maintain the ‘right’ kind of 

internal environment, for reasons including but not restricted to 

health. 

Differing routines and preferences with regards humidity control 

(especially relating to the control of mould growth, and in one case, 

to aide sinuses). 
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The Home 

and Social 

Visitors 

M68 

 

 

 

M69 

 

M70 

 

 

M71 

Tenants who spend a lot of time at home due to ill health, family 

responsibilities towards children or unemployment, tended to have 

‘open door’ polices where neighbours and friends would pop in 

unannounced. 

Some tenants preferred to minimise socialisation in the home, 

perceiving the home to be a personal space, a private domain. 

The activities of visitors may dictate room usage, such as using the 

kitchen as the main place to socialise, due to the routinized practice 

of smoking in the kitchen with the windows open. 

The sheltered housing scheme tenant had access to communal 

facilities, designed to encourage social interaction. 

Multiple 

Occupancy 

M72 

 

 

 

 

M73 

Different members of the same household may have dissimilar 

perceptions and expectations of thermal comfort.  In some cases, 

this has resulted in the altering of the heating system (TRV’s, main 

home thermostat, boiler control) to suit individual needs, often 

without consultation or awareness by other household members. 

Homes with multiple occupancy based on age tended to have their 

own specific room to engage in comfort activities, with other rooms 

serving more communal functions. 

Safety and 

Security 

M74 

 

M75 

M76 

 

M77 

 

M78 

Security devices not only provide physical comfort, but also mental 

comfort. 

A strong local community reduces security fears. 

Age can affect security action, such as the use of a night light for a 

child. 

The tenant’s perception of safety may be different to the MTHA’s 

legal responsibilities, leading to negative experiences. 

Regulatory devices such as blinds are also used to regulate 

security. 

Pets 

M79 

 

M80 

 

 

M81 

Social interaction with pets for some of the participants was integral 

to their experiences and practices of comfort. 

Pets in some instances were removed from the home due to the 

physical damage that they cause, or the detrimental health to the 

occupants. 

Pets (and children) have specific access to parts of the home, with 

regulatory devices, such as child gates, to prevent unauthorised 

entry. 
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Aesthetics 

M82 

 

M83 

 

M84 

 

M85 

 

 

M86 

 

M87 

 

M88 

 

M89 

Decorating, for many of the tenants, is an important way of attaining 

a comfortable domestic environment. 

Evidence of selecting physical objects based on a combination of 

aesthetic characteristics and physical function. 

Decorating may be used as an alternative to restricted (by MTHA) 

physical alterations. 

The cyclic programme of refurbishment and improvement by MTHA 

has led to several tenants unwilling to pay to improve articles they 

believe may be replaced for free in time. 

Many participants consider fireplaces in the living room as an 

aesthetic focal point, to provide incidental lighting and not heat. 

Physical artefacts such as candles and curtains are objects of 

aesthetic desire, and not often used in a thermal capacity. 

The transient nature of social housing can lead to a desire to 

‘clutter’, to surround oneself with familiar items to create comfort. 

Surrounding oneself with items belonging to a non-household 

member can negatively affect comfort. 
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Appendix H. Opportunity Statements 
Insight Group Opportunity Statement(s) 

High Priority 

M08. Draught and ‘problem’ resolution is 

delegated between the tenant and 

MTHA, although this is often ‘grey’, or 

dependent upon the tenants DIY 

capabilities.   

M11.  Unwanted draughts caused by vents, 

as well as ill-fitting windows, doors and 

unsealed chimneys are a major 

contribution to thermal discomfort.  In 

many cases, vents have been blocked 

or closed. 

M16.  The few tenants with technical literacy 

with regards knowledge of building 

fabric and related technical devices 

allowed them to carry out minor 

domestic repairs.  Those without the 

technical knowledge, in a few cases 

attempted the work anyway, reassured 

that MTHA would rectify any serious 

errors. 

M27. Tenants may actively seek to reduce 

thermal discomfort when too hot using 

electric fans; in most cases found in 

the living rooms or bedrooms and used 

in the warmer weather. 

M70. The activities of visitors may dictate 

room usage, such as using the kitchen 

as the main place to socialise, due to 

the routinized practice of smoking in 

the kitchen with the windows open. 

How might we... 

...change the nature of draughts into a more 

accepted form (from piercing stream to large 

air movement)? 

...better enable technically illiterate tenants to 

conduct their own appropriate DIY? 

...help the tenants to locate draught sources? 

...control air quality without negatively affecting 

thermal desirability? 

...better distinguish to the tenant required 

draughts (vents) and non-required draughts? 

...prevent tenant abuse of required vents? 

...improve the tenant’s acceptation of required 

vents? 

...control domestic air quality without creating 

air flow? 

...provide less energy intensive air movement 

(fans)? 

...provide better control of vents? 

...link controlled and uncontrolled air flows? 

High Priority 

M05. Often the heating was set high to 

compensate for windows having been 

left open to circulate ‘fresh’ air. 

M12.  The attainment of ‘fresh’ air is equally 

or more so of importance than thermal 

How might we... 

...display/link health to ‘open window’ action 

(e.g. health to air quality or temperature)? 

...alter expectations of the effects from opening 

windows? 

...integrate air movement and temperature with 
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comfort, with several observed 

practices involving the use of opening 

windows. 

M67.  Differing routines and preferences with 

regards humidity control (especially 

relating to the control of mould growth, 

and in one case, to aide sinuses). 

 

 

a physical action (e.g. housework)? 

...provide fresh air without opening windows? 

...control humidity/mould without opening 

windows? 

...make apparent the link between window use 

and energy? 

...display to the tenant comparisons between 

the use of windows and alternatives (e.g. 

fans)? 

...reduce or quantify to the tenants the ‘actual’ 

need for fresh air? 

...stop the tenant from going from one extreme 

(open windows) to other extreme (heating on)? 

...control the balance of indoor and outdoor 

temperatures? 

...control the air flow across the entire house? 

...create a modern day barometer? 

High Priority 

M35.  Sidelights, lamps, and candles were 

found to be preferred by many of the 

participants when trying to relax.   

M36. Ceiling lights were perceived to be 

harsher; suitable for completing tasks. 

M37.  Many participants consider fireplaces 

in the living room as an aesthetic focal 

point, to provide incidental lighting and 

not heat. 

M48.  Several tenants found low energy light 

bulbs prohibitive due to their 

aesthetics, or to the cost associated 

with sourcing more aesthetically 

suitable replacements. 

M86. Many participants consider fireplaces in 

the living room as an aesthetic focal 

point, to provide incidental lighting and 

not heat. 

 

 

How might we... 

...provide a less energy intensive focal point? 

...integrate the focal point into other essential 

products (e.g. radiator)? 

...provide less energy intensive ambience 

lighting? 

...integrate desirability of candles etc. with 

ceiling lights? 

...move visitors to a less energy intensive 

domestic space? 

...use sedentary activities to construct lighting? 

...convert natural light into or power focal light 

point? 

...less energy intensive relaxation? 

...reduce the need for artificial light? 

...reduce energy consumption of visitors? 

...reduce the consumable cost of en efficient 

lighting? 

...convert or use natural light to supplement or 

generate artificial light? 

High Priority 

M01. Timers and programmers were not 

How might we... 

...facilitate better understanding of room control 
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used by any tenants, finding them 

restrictive, redundant, and wasteful.  

Tenants preferred to turn on/off the 

heating when required, often with a 

stay at home occupant in control.  

Timers were only used to prevent 

pipes from freezing during extended 

away periods. 

M02. The heating was physically turned 

on/off with either the switch directly on 

the boiler, or by setting the thermostat. 

M07. The lack of control over the primary 

heating system can lead to frustration 

and inefficient practices, such as the 

use of additional heaters, the opening 

of windows, or the use of kettles to 

supplement water temperature. 

M32.  Most tenants with gas central heating 

had TRV’s.  Those tenants without any 

form of regulation or control wish that 

they did. 

systems? 

...simplify the control of room temperature? 

...provide temperature control in a room without 

TRV’s? 

...change perceptions to accept lack of control? 

...facilitate better understanding of system 

controls? 

...simplify the control of the heating system? 

...remind users as to how the system operates 

(controls)? 

...improve user confidence in technology in 

general? 

...facilitate experiential learning? 

 

High Priority 

M33. Set on different settings in different 

room’s dependant on: how cold the 

room normally gets; how warm or cold 

the room feels at any given time; the 

activity planned for the space; to reflect 

individual thermal preferences for 

particular rooms. 

M51.Certain ailments restrict certain activities 

or interactions, such as reaching 

certain parts of the house, having 

access to the boiler, particular pets are 

no longer tenable, and some ailments 

require special care or management. 

M52. Ill health can generate specific routines. 

M72. Different members of the same 

household may have dissimilar 

perceptions and expectations of 

thermal comfort.  In some cases, this 

How might we... 

...change the occupants comfort expectations? 

...help to regulate different tenant’s thermal 

comfort in the same location? 

...connect activity levels to comfort? 

...re-acclimatise an entire household? 

...encourage or combine different tenant 

activities to reduce independent locations 

within a household? 

...stop impulse heating system changes when 

moving between thermal zones of a house? 

...change behaviour to stop the initial reaction 

of ‘heating on’ when cold? 

...use textures and materials to affect comfort 

preferences? 

...re-contextualise the bedroom as a living 

room situation? 

...control ad hoc changes to the heating system 

by the occupants? 
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has resulted in the altering of the 

heating system (TRV’s, main home 

thermostat, boiler control) to suit 

individual needs, often without 

consultation or awareness by other 

household members. 

M73. Homes with multiple occupancy based 

on age tended to have their own 

specific room to engage in comfort 

activities, with other rooms serving 

more communal functions. 

...create efficient different thermal zones within 

one house? 

...increase occupant awareness of when the 

heating system is on or has been modified? 

...more effectively combine health requirements 

with heating system preferences and controls? 

...better incorporate physical and health 

limitations with the heating system controls? 

...provide energy-efficient localised comfort to 

improve health? 

 

Medium Priority 

M24.  Throws and blankets form both thermal 

and aesthetic comfort. 

M53.  Thermal comfort artefacts may also be 

health related (e.g. use of hot water 

bottle to provide localised heat on pain 

source, or the use of a blanket or 

clothing layers to compensate for the 

body temperature lowering effects of 

medication). 

 

How might we... 

...incorporate throws, blankets, and other 

personal artefacts into the primary heating 

system? 

...make personal thermal artefacts for larger 

groups? 

...lower energy expenditure on heating systems 

through translation into personal artefacts? 

...reduce thermal requirements and energy 

through the use of aesthetics? 

...encourage the use of low energy comfort 

devices? 

...better accommodate gender specific 

differences (such as menopause)? 

Medium Priority 

M26.  Clothing can balance out the different 

thermal comfort preferences between 

household members. 

M28. Particular items of clothing, such as 

dressing gowns, and quantity of 

clothing may become routinized or 

activity dependant. 

 

How might we... 

...encourage the tenant to use clothes in 

relation to thermal comfort and reduce heating 

system burden? 

...incorporate clothing into the primary heating 

system? 

...bring the reasoning behind dressing for the 

outdoors (uncontrollable comfort zone) into the 

domestic indoors (controllable comfort zone)? 

...disrupt the expectation of indoor thermal 

monotony in line with outdoor climate? 

...change or create low energy clothing 

routines? 

...re-contextualise the bottom end of the 

clothes to temperature parameters (how cold 
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before clothing is not enough and the heating 

system must go on)? 
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Appendix I. Opportunity Consolidation Diagram 
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Appendix J. Initial Brainstorming Activity 
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Appendix K. Advanced Concepts 
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Appendix L.  Feedback Usability and Function Evaluation Questions 
Frequency and 
Duration of the 
Feedback 
 
 
 
 
 
 
 
 
 

 

1. Is the latest update of feedback presented when the user performs 

the activity? 

2. Is the latest update presented when the user chooses to 

acknowledge the feedback pertaining to their activity? 

3. Does the frequency of the feedback update match that required by 

the user and their activity? 

4. Is the speed of feedback delivery after the user’s activity 

appropriate? 

5. Is the feedback device used ‘hot’ by the user (the feedback is 

acknowledged in real time by the user to reflect upon and guide 

the activity)? 

6. Is the frequency and duration of the feedback appropriate to the 

requirements of a localised or centralised feedback location? 

Accuracy of the 
Feedback 
 

7. Is the feedback presented to the user appropriately accurate for 

the activity? 

8. Is the feedback presented to the user appropriately accurate for 

the user? 

9. Is the feedback based on actual or estimated activity? 

Feedback 
Metrics 
 

10. Does the feedback metric quantify energy, monetary, 

environmental or behavioural units? 

11. How does the user comprehend the feedback metric? 

12. Is the feedback metric relevantly framed in line with the user’s 

motivations and norms? 

13. Can the user relate the feedback metric back to the enacted 

activity? 

14. Is the feedback metric trusted by the user? 

15. Is the metric dependant on factors external to the user and the 

activity? 

16. Does the feedback device require the users input to calibrate the 

units? 

Breakdown of 
the Feedback 
 

17. Is the feedback presented by granulated or systemic activity? 

18. Is the feedback presented by granularity of activity appropriate for 

the user?  

19. Does the feedback presented by granularity of activity affect the 

users understanding of individual activities?  

20. Does the feedback presented by granularity of activity affect the 

users understanding of an individual activity in comparison to other 

activities?  
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21. Does the feedback presented by granularity of activity affect the 

users understanding of an individual activity within a system?  

22. Does the feedback presented by granularity of activity stimulate 

the user to explore their activity patterns? 

Feedback 
Presentation 
Medium 
 

23. How does the user comprehend the feedback presentation 

medium? 

24. Is the feedback presentation medium relevantly framed in line with 

the user’s motivations and norms? 

25. Is the feedback presentation medium relevantly framed within the 

capabilities of the user (education level, technical ability, or free 

time)? 

26. Can the user relate the feedback presentation medium back to the 

enacted activity? 

27. Is the feedback presentation medium trusted by the user? 

28. Is the feedback presentation medium dependant on factors 

external to the user and the activity? 

29. Does the feedback presentation medium require the users input to 

access the feedback? 

Feedback 
Presentation 
Mode 
 

30. Is the feedback presentation mode clear and unambiguous? 

31. How does the user comprehend the feedback presentation mode? 

32. Is the feedback presentation mode relevantly framed in line with 

the user’s motivations and norms? 

33. Is the feedback presentation mode relevantly framed within the 

capabilities of the user (education level, technical ability, or free 

time)? 

34. Can the user relate the feedback presentation mode back to the 

enacted activity? 

35. Is the feedback presentation mode trusted by the user? 

36. Is the feedback presentation mode appropriate to the requirements 

of a localised or centralised feedback location? 

37. Does the choice of feedback presentation mode suite the 

frequency of the feedback update? 

38. Does the feedback presentation medium require the users input to 

understand the feedback? 

Feedback 
Ambience 
Features 
 

39. Does the feedback ambience feature have distinguishable 

characteristics? 

40. Is the feedback ambience feature clear and unambiguous? 

41. Is the feedback ambience feature relevantly framed within the 

cognitive capabilities of the user? 

42. Is the feedback ambience feature appropriate to the requirements 
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of a localised or centralised feedback location? 

43. Is the feedback ambience feature relevantly framed in line with the 

user’s motivations and norms? 

44. Can the user relate the feedback ambience feature back to the 

enacted activity? 

45. Is the feedback ambience feature trusted by the user? 

Location of the 
Feedback 
Device 
 

46. Is the feedback device positioned in a localised or centralised 

feedback location? 

47. Can the user relate the feedback devices location back to the 

enacted activity? 

48. Does the location of the feedback device provide a suitable 

location for the user to explore localised feedback? 

49. Does the location of the feedback device provide a suitable 

location for the user to explore centralised feedback? 

50. Does the feedback device fit aesthetically within its location? 

51. If the feedback devices location is transient, is it correctly designed 

to be so? 

52. Is the feedback devices location dependant on factors external to 

the user and the activity? 

Technical 
Expectations of 
the Feedback 
Device 
 

53. Is the feedback device framed within the motivational and 

normative expectations of the user? 

54. Is the feedback device framed within the capabilities of the user 

(education level, technical ability, or free time)? 

55. Is the feedback device perceived to have been installed correctly 

by the user? 

56. Does the feedback device perceive to be operating correctly by the 

user? 

Feedback 
Comparisons 
 

57. Is the feedback compared to historic or normative activity?  

58. Is the feedback compared to granulated or systemic activity? 

59. Is the feedback presented by comparison of activity appropriate for 

the user?  

60. Does the feedback presented by comparison of activity affect the 

users understanding of an individual activity?  

61. Does the feedback presented by comparison of activity affect the 

users understanding of an individual activity within a system?  

62. Does the feedback presented by comparison of activity stimulate 

the user to explore their activity patterns? 

Additional 
Information, 
Goals and 

63. Has the use of supplementary information influenced how the user 

responds to the feedback? 

64. Has the use of goal setting or anchoring bias influenced how the 
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Rewards user responds to the feedback? 

65. Has the use of incentives (energy, monetary, environmental or 

behavioural rewards) influenced how the user responds to the 

feedback? 

66. Is the supplementary information, goals set, or incentive schemes 

offered tailored to the user? 

67. Does the user require further information or instruments external to 

the user, the activity or the feedback device to understand or act 

upon the feedback provided? 

The Rebound 
Effect and Other 
Challenges 
 

68. Does the feedback increase the activity of the user? 

69. Is the activity that the device provides feedback upon deemed to 

be necessary by the user? 

70. Does the feedback increase stress and concerns pertaining to the 

activity of the user? 

71. Does the feedback distort or conflict with the user’s motivations 

and norms? 

72. Does the feedback distort or conflict with the user’s activity 

patterns and temporal rhythms? 

 

 

  



Appendix 

 
 

Appendix M.  Focus Group Pilot, Invitation Flyer 
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Appendix N.  Focus Group Pilot, Information Sheet 
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Appendix O.  Focus Group, Consent Form 
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Appendix P.  Focus Group Pilot, Questionnaire 
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Appendix Q.  Focus Group, Facilitator’s Guide 
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Appendix R.  Focus Group, Scenario Video Storyboard 
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Appendix S.  Focus Group, Intervention Video Storyboard 
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Appendix T.  Focus Group, Information Sheet 
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Appendix U.  Focus Group, Questionnaire 
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Appendix V.  User Trial, Sampling Strategy 
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Appendix W.  User Trial, Information Sheet 
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Appendix X.  User Trial, Prototype Information Sheet 
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Appendix Y.  User Trial, Consent Form 
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Appendix Z.  User Trial, Prototype Consent Form 
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Appendix AA.  User Trial, Facilitator’s Guide 
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Appendix AB.  User Trial, Installation Guide 
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Appendix AC.  User Trial, Extraction Guide 
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