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A B S T R A C T 

Academic studies investigating the energy usage behaviour of domestic energy 
consumers typically use a feedback intervention, comprising electricity and gas 
consumption data, with the aim of reducing energy usage. But there is no consensus 
on the most effective method, nor on the effcacy of the intervention in terms of energy 
reductions, and there are large variations in energy savings being reported across 
different studies. The prevalent view seems to be that some feedback methods work 
for some consumers but not for others. The reason for this disparity is unclear. 

It is not clear that all consumers are the same in terms of their energy information 
requirements, and this heterogeneity could be one cause of the variability. 

This thesis argues that people are already active, sense-making, agents. They use 
whatever resources they have available to build an understanding of their energy 
consumption. They are not blank slates but already have self-developed knowledge 
about their energy, even in the absence of feedback informatics, and this affects how 
they engage with and make sense of energy information. Thus energy informatics 
should be designed to incorporate user agency, and encourage its development. 

The research objective was to identify individual differences, and then determine how 
those differences impacts the response to a uniform intervention which was created 
for this work. 

A feld study of two groups of domestic energy consumers using a combination 
of semi-structured interviews, user-annotated ‘energy diaries’, and online real-time 
energy consumption information, was undertaken over an eighteen-month period. 

This case study set out to identify existing energy understandings and behaviours, 
using ethnographically-informed observation, and technology probes comprising a 
real-time electricity consumption display, and a bespoke real-time electricity and 
gas usage information system. Data collected was subjected to thematic analysis to 
investigate participants’ knowledge and understanding of their energy consumption. 

Why people engage with energy informatics and what sense they make of it depends 
on the individual. There is not a ‘one-size-fts-all’ information representation, and the 
design of energy informatics should recognise that people have differing requirements. 
Feedback should facilitate appropriation by consumers with differing, and changing, 
requirements. 

This research informs the Human-Computer Interaction design space in energy 
feedback systems, and represents a signifcant shift in the way domestic energy 
informatics has been produced before now. 

The value of this thesis is that it explains why intervention results are heterogeneous. 
It approaches domestic energy interventions from a different angle, namely that 
consumers already have a good understanding of their energy consumption. The sense 
they make of their energy can be explicated in terms of their lifestyles, beliefs, 
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attitudes, priorities, available resources, and existing tacit understandings. This, 
coupled with their motive for engaging with energy, means individuals have differing 
responses, and these differences explain why there is heterogeneity in intervention 
results. 

This research grounds the claim that interventions have different effects depending 
on the person. Thus, informatics which is designed into the context of human 
interaction with technology promotes user engagement and response to domestic 
energy interventions. 

Keywords: domestic energy; empirical case study; individual differences; 3rd Paradigm HCI; 

individuated design 
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1 
I N T R O D U C T I O N 

“ Agency is commonly referred to as the capability and condition of 
being in action or exerting power. ” 

Zacarias and de Oliveira (2012) 

A corpus of research exists investigating the provision of energy consumption 
information to domestic energy consumers through feedback interventions. These 
interventions typically present a uniform information representation to a sample of 
people, often with assumptions for how the information will be appropriated and 
acted upon, and the results are heterogeneous. 

How might the variability in domestic energy intervention studies be explained: Research question 

does it result from the nature of the participants? 

Responses to interventions are varied, and the outcomes variable. There are theories 
to explain results in terms of consumer behaviour: applied to individuals they may 
explain a particular individual’s behaviour, but individual differences is not a major 
focus and the heterogeneous results may be about individual differences. The purpose 
of this research is to empirically investigate and describe these differences. It is not a 
theory-driven thesis but uses an in-the-wild study of two cohorts of householders. 

The claim that motivates this thesis is domestic energy consumers already make 
sense of the information they have in their environment. They engage with energy Active sense-makers 

within the context of their values, beliefs, priorities, and lifestyle. Energy practices 
cannot be assumed. A better understanding of how people live and how they interact 
with energy information affords the potential to design interventions in different ways. 

This research is an empirical investigation to determine whether differences exist 
between consumers and, if so, what are the dimensions of those differences and how 
do they affect the way people engage with energy consumption and energy feedback. 

Using a case study of two groups of domestic energy consumers with different 
socio-demographic characteristics, this research explores participants’ understandings, 
and the notion of heterogeneity. Two differing energy consumption displays are used 
as research probes to elicit consumer dialogue and refection. 

Differences in lifestyles, beliefs, values, priorities, goals, available resources, and 
existing tacit understandings, as well as more physical dimensions such as house 
occupancy pattern, type of property, may each affect the way people make sense of 
their energy use. 

Energy feedback interventions should consider the context of how the information 3rd paradigm HCI 

is going to be used (Bødker, 2015). This research uncovers the nature and impact of 
these dimensions and practices to provide substance and better inform this context. 

1 
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1.1 BAC K G RO U N D T O T H E R E S E A R C H 

Consumption of energy — gas and electricity — in the home is an increasingly 
Home energy use important area of research: domestic electricity consumption accounts for one-

third (35%) of UK total electricity consumption (from BEIS, 2019a: Table 5.1.2) 
while domestic gas consumption accounts for one-third (35%) of UK total gas 
consumption (from BEIS, 2019a: Table 4.1.1), and much research is focused on 
reducing consumption. 

Energy consumption in the home offers scope for management and control by the 
householder; they are able to shape and alter their consumption in response to their 
changing priorities. 

The last decade has seen a large number of academic studies investigating the 
presentation of energy consumption data to domestic consumers. Yet there is no 
consensus on the most effective method, nor on the effcacy of the intervention in 
terms of energy reductions. The prevalent view seems to be that some feedback 
methods work for some consumers but not for others. The reason for this disparity is 
unclear. Equally puzzling is the lack of long term effect. Many studies are of short 
duration (typically one to four months) (e.g. Allen, and Janda, 2006; Wood, and 
Newborough, 2003) but, where a longer-term study was undertaken, initial energy 
reductions are rarely sustained (e.g. van Dam, Bakker, and van Hal, 2010; Hargreaves, 
Nye, and Burgess, 2013)1. 

Variability in results There is signifcant variability in the reported energy savings from energy feedback 
studies. For example, various meta-reviews reported savings of:2 

0–9% Foster and Mazur-Stommen (2012) (8 studies: 2007–2010) 

4–12% Ehrhardt-Martinez, Donnelly, and Laitner (2010) (57 studies: 
1974–2010) 

0–20% Darby (2006) (38 studies: 1979–2005, + 1 meta review) 

5–12% Fischer (2008) (21 studies: 1987–2005, + 5 meta reviews) 

3–13% Faruqui, Sergici, and Sharif (2010) (12 utility company pilots: 
1989–2009) 

3–5% McKerracher and Torriti (2013) (27 studies: 1979–2010) 

Why is there such a wide range of results? Analyses (summarised by Oltra et al., 
2013) have suggested various reasons which can be grouped into two categories: 
the display and the user. Display factors concern the data content and how they are 
displayed, such as: frequency of information provision, accessibility and location of 
the display device, and presentation visualisation. User factors are concerned with the 
variability and wide range of the participants, and include: values, beliefs and norms, 
background knowledge, and comfort with technology (ibid.). 

Figure 1.1 shows examples of typical data representations used in energy feedback 
interventions. 

1 This phenomenon has been reported as long ago as Kohlenberg, Phillips, and Proctor (1976). 
2 Note there is overlap between these meta-reviews such that an original study may be represented 

in multiple reviews. 
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(a) (b) 

(c) (d) 

Figure 1.1: Typical representations used in displays of energy consumption in inter-
vention studies. (a) Karjalainen, 2011, Fig.2 (b) Karjalainen, 2011, Fig.2 
(c) Petkov, Köbler, Foth, and Krcmar, 2011, Fig.1 (d) after Ueno et al., 
2006, Fig. 3(b) 

Individual studies within these systematic reviews show signifcant within-group 
variability: reporting of average savings for the trial group sometimes masks a wide 
range of results (when a range is reported) (e.g.: Henryson, Håkansson, and Pyrko, 
2000; Wood, and Newborough, 2003). With such a diverse variety of confounding 
factors this should not be surprising. For example, it has been suggested that up to 50% 
of the variance could be due to the consumer’s attitude towards energy conservation 
(Seligman, Kriss, et al., 1979). A wide distribution does, however, complicate the 
reporting of average saving: feld studies are often undertaken with only a limited 
number of participants, and statistical analysis of the results is infrequently reported. 

But it is not just user’s attitude which is relevant: occupant behaviour (not techno-
logy or equipment) may be the biggest infuence in the variability in domestic energy 
consumption (van Dam, Bakker, and van Hal, 2010). 

Box 1.1 illustrates two different requirements from energy feedback using actual 
data from the case study in this research. 

Thus, not only should the feedback be presented in a form which the user can 
understand and from which they can derive meaning, but it also should be relevant 
to their reason for engaging with the feedback in the frst place. Lifestyle, priorities, 
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Box 1.1: The need for individuated informatics 

The following empirical vignettes of two participants in this research illustrate 
the different information required by householders depending on their needs 
and goals. 

Miss Jones is a social housing tenant in receipt of Social Security benefts. 
Her primary objective for energy management is to avoid disconnection of 
electricity and gas supplies. She uses a pre-payment meter for electricity and 
for gas, which she ‘tops-up’ weekly with varying amounts as funds allow. She 
has developed, through experience (viz. trial and error), a good understanding 
of how long the credit on her meters will last. She has a display unit from 
her energy supplier which shows how long the supplier thinks her remaining 
credit will last, but she does not believe the values it displays as it is frequently 
wrong and she prefers to use her own judgment. 

Mr Smith is an environmental engineer earning £40k. He has spent several 
years refurbishing his house to a high standard of thermal insulation and 
installing a complex heating system. He believes he is energy-effcient and 
doesn’t ‘waste’ energy. His interest in energy feedback is to develop insight 
into the value of his investments in terms of how they perform. He doesn’t 
know whether his consumption is ‘good, bad or indifferent’. He would like to 
know if the time and money expended in the refurbishment was worthwhile. 

environmental beliefs and existing tacit knowledge may all play a part in determining 
how people engage with these interventions. 

An understanding of these dimensions could inform the design and use of energy 
informatics. Currently, there is a lack of empirical studies into how people make sense 
of energy feedback. 

1.2 M OT I VAT I O N F O R T H E R E S E A R C H 

Existing research into domestic energy consumption focusses on ways of generating 
energy savings. Despite considerable investment of time, effort and money, the savings 
are falling short of government targets (Committee on Climate Change, 2019). This 
thesis investigates the reasons why there have been such variable results. 

Government Imperative 

Through the Climate Change Act (2008), the UK government has committed to the 
Kyoto Protocol, to reduce greenhouse gas emissions by 2050, with a target of at least 

Focus on reduction 80% lower than the 1990 baseline level. While more effcient electricity generation or 
the use of lower-emitting renewable sources would help progress towards this target, 
it is unlikely to be suffcient on its own: a reduction in consumption will also be 
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required. For natural gas consumption the situation is simpler: only a reduction in 
usage will reduce greenhouse gas emissions for this energy source. 

But the end-use of domestic energy in the UK has changed little since 1990 (BEIS, 
2019b), and despite a recent levelling off in the overall trend, gas consumption still 
accounts for 64% of total domestic energy use, and represents 18% of UK total 
fnal energy consumption (from BEIS, 2019a: Table 1.1.5). Domestic electricity 
consumption has increased in the period 1998–2018 and accounts for 22% of total 
domestic energy use (BEIS, 2019b)3 

However there is scope for signifcant savings: studies in the United States, the 
Netherlands and the UK have estimated that 26–36% of domestic energy use is due to 
residents’ behaviour (Wood, and Newborough, 2003). And the desire exists, among 
domestic consumers, to reduce their consumption: more than half of respondents to a 
10,000-strong 10-country survey said they were unaware of the energy they used, but 
72% said they would reduce consumption if they knew (Davies, 2007). 

An estimated 20 million domestic dwellings will not be replaced within the next 
50 years, 19 million of which were built before 1984 (DCLG, 2008). This housing 
stock covers a large array of dwelling types, construction methods and materials, and 
fnding a technology solution to reducing energy consumption in these buildings may 
prove challenging. 

Improvements in building design, and construction materials and methods have 
helped to lower the energy consumption of new-build housing. But there is still a 
claimed performance gap between the expected energy performance of some new-
builds and their actual in-use operation (e.g. Jones, Fuertes, and de Wilde, 2015). It 
has been suggested this disparity arises because of the way the occupants are using 
the building, and can be epitomised by the phrase, “people, not buildings, use energy” 
(Roomig, and O’Sullivan, 1979). 

Interventions 

The impetus for reducing domestic energy consumption has spawned a large number 
of research studies in the last ten years.4 Existing research in this area typically uses Feedback 

some sort of feedback intervention, aimed at brokering behaviour change. Most of intervention 

these studies reported that reductions in energy use were made by the participants, 
with typical savings of 4%–12% reported (e.g. Ehrhardt-Martinez, Donnelly, and 
Laitner, 2010). 

Received wisdom is that information feedback motivates behaviour change in 
domestic energy consumers. However the mechanism by which such motivation 
occurs, and to what extent, is not clear.5 Was it simply the provision of information 
previously lacking? How the participants appropriated the information and what value 
they placed upon it is unclear. 

Some interventions motivate some people to save energy, but not others. Why there Lack of empirical 
research 

3 The remaining 14% domestic energy consumption arises from the direct use of coal, bioenergy, 
petroleum and similar fuels. 

4 A review of this research is undertaken in Chapter 2. 
5 See discussion in Chapter 2. 

http:2015).It
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is such a wide variation is not well understood: there is little empirical research into 
the mechanism by which these interventions work. 

An assumption is often made that participants in these studies want to reduce their 
energy consumption. But that may not always be true as the participants’ motives 
are not usually reported. Focussing on energy savings may not be the only metric 
by which success or failure of the intervention might be measured: better-informed 
consumers may be every bit as positive an outcome, even if they have not made any 
energy reductions during the trial. 

So there may be challenges regarding consumers’ motives, and then also what 
sense they make of the information. 

How do current informatics support users? Is there opportunity for enhancing that 
support through changes to information provision, and, if so, in what ways? 

The current focus on behaviour change makes assumptions about what information 
people require and what they do with that information. Studies may assume that the 
provision of specifc data (e.g. daily and weekly energy use data; see Figure 4.4 for 
examples) is the data people require, and that once in receipt of this information they 
will understand what it means, be able to see how they can make savings, and then 
change their behaviour to realise those perceived savings. And that all people want 
essentially the same data and respond to the data in the same way. These assumptions 
are largely untested. 

A more detailed understanding of consumers’ attitudes to energy consumption 
Informed consumers would inform intervention design. Rather than trying to change behaviour the focus 

instead should be on supporting consumers with resources they can make use of ac-
cording to their existing practices and priorities, so they can make their own informed 
decisions about their energy consumption. No matter whether those decisions result 
in energy conservation, energy curtailment, or even increased consumption. 

User Agency Central to how consumers appropriate and make sense of resources in their 
‘energy world’ is the recognition of user agency. Consumers have the capacity 
to make informed decisions on their energy consumption. Taking as inputs their 
existing knowledge and any resources available, they create meaning and expand their 
understanding. Shaped by their goals — which is, in turn, affected by their priorities, 
capabilities, and constraints — they determine what action or behaviour results. 

Agency is not a property of an object, or a person, but a result of the interplay 
between people and artefacts (Tholander, Normark, and Rossitto, 2012). Nor is it 
a fxed association: it is an emergent relationship developed and reconfgured in 
response to changing circumstances. Agency facilitates change and is itself changed 
in the process. 

Agency recognises that people are not separated from the process but are an integral 
part of the system and the decision-making process. 

1.3 A I M A N D S C O P E - T H E S I S 

What is not yet clear is the impact of user agency on the design, implementation, and 
results reported in domestic energy feedback studies. 

Claim Domestic energy consumers already make sense of the information they have in 
their environment and according to their existing practices. They assimilate it, and 



1.3 A I M A N D S C O P E - T H E S I S 7 

act on it, within the context of their values, attitudes, and lifestyle. People are already 
active agents with regard to energy — but while everyone is an agent, what they do is 
different. What are the dimensions of those differences and how do they affect the 
design of feedback interventions? 

This thesis promotes the idea of agency enhancement — i.e. agency already exists, 
but there is a need to recognise and understand it in the context of energy and then 
design to support it within domestic energy informatics. 

The aim of this study is to establish the need to incorporate user agency into the Research Aim 

design of energy feedback informatics, and justify the claim that people already 
make sense of their energy — and different people do it in different ways — using 
information they have in their environment and according to their existing practices. 

An understanding of users’ existing knowledge and energy management practices 
can inform future research. In what ways are people appropriating energy information, 
and how are they using it: consideration of these issues will leverage the design of 
effective feedback. 

This study does not seek to provide answers to all the issues raised, but merely 
to foreground the problem, and suggest ways in which future feedback informatics 
might evolve from the current de facto standard. 

This research is not oriented towards deployment of a system which is supposed 
to show energy savings: it is about understanding how people use information and Understanding 

manage energy. However, for the longer term, it might indicate new ways of providing people 

information with the implication that effectively-designed information might lead to 
energy savings. 

Scope 

While many precepts important to the practical use of Human-Computer Interac-
tion (HCI) were used in the design and development of an interactive information 
visualisation (c.f. Chapter 4), the basic principles and underlying theory of HCI is 
assumed prior knowledge. 

Research into energy feedback interventions — often called eco-feedback studies 
— are subject to a number of different disciplinary approaches. For example: environ-
mental psychology seeks to investigate the theoretical cognitive processes and models 
of behaviour, through which users exhibit pro-environmental (i.e. energy-saving) 
behaviour; while behavioural economics suggests energy consumers do not always 
make rational choices even when provided with accurate and relevant information. 
However, this thesis is not driven by theory — it does not seek to provide evidence in 
support of one theory or another. The research uses an empirical approach to ground 
the claims made, independent of any particular theory. 

An ethnographically-informed case-based study using semi-structured interviews, 
technology ‘probes’ as research tools, and thematic analysis provides evidence 
supporting the research claims. 

This research does not seek to determine a statistically valid or generalisable 
solution to the questions raised: its aim is to highlight a claim about differences as 
being a relevant and signifcant gap in current knowledge. However, given that the 
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conclusions drawn exemplify a general principle, this research may be considered 
widely applicable to its feld. 

1.4 D I S S E RTAT I O N OV E RV I E W 

This dissertation consists of eight chapters. 

Chapter 2 : Background 

Chapter 2 reviews the literature in the felds of energy feedback and Human Computer 
Interaction (HCI) relevant to this study. It summarises current research in domestic 
energy feedback intervention studies. It foregrounds the issues and gap in existing 
knowledge, and explains the motivation for this thesis. The research aim, and research 
questions, are developed. 

Research questions This research investigates the questions: What are the differences between people, 
and what do those differences mean for the design of domestic energy feedback 
interventions. If differences do exist between people then could this be a reason for 
some of the ambiguity seen in energy feedback intervention studies? 

Chapter 3 : Methodology and Research Design 

Methodology and research method are addressed in Chapter 3. Possible alternative 
research methods are discussed, and justifcation provided for the selected method. 

A feld study of two groups of domestic energy consumers using a combination 
of semi-structured interviews, user-annotated ‘energy diaries’, and online real-time 
energy consumption information is described, together with consideration of what 
this case-study aims to achieve, and its constraints and limitations. 

The research question was explored in two phases, in a longitudinal study over a 
period of eighteen months: 

• Phase 1 used empirical study to uncover existing energy practices and under-
standings, and identify the dimensions of individual differences between the 
participants. 

• Phase 2 evaluated an intervention tool (a website display of energy consump-
tion) to examine how those differences affected people’s response to a uniform 
intervention. 

Chapter 4 : System Design and Deployment 

Part of the research method included the use of a custom information system which 
was used as a technology probe in the investigation of people’s knowledge and 
understanding of their energy consumption. 

Note: This information system was not the primary focus of this research, but 
was used as a research tool to investigate sense-making and participants’ existing 
knowledge. 
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Its user-centric design principles, system architecture, and operation are discussed. 
The design is informed by the state of the art in domestic energy feedback 

interventions (which is revealed in Chapter 2 and Appendix A). It pulls together 
features described by various researchers with a view to exploring their utility to 
participants in this case study (during phase 1). 

In phase 2 of the current research this same tool was used to investigate the impact 
of user differences on information design. 

Chapter 5 : Data Collection and Results Analysis 

Chapter 5 describes the content of the case study. A longitudinal study of two groups 
of people is presented. It examines the selection of participants for the user study, 
method of data collection, and detail of the thematic analysis performed on the data 
collected. The demographic character of the participants is described. 

Three rounds of meetings were undertaken with the participants, and the purpose 
of each round is explained together with the fndings. 

Five main categories are identifed from the thematic analysis: Energy & Lifestyle, 
Energy Behaviour, Energy Consumption, Budgeting Behaviour, Energy Information. 

Chapter 6 : People as Active Sense-Makers: Characterisation of Existing 
Practices 

Results of the case-study with the two groups are examined in Chapter 6. The 
participants’ existing practices are analysed with reference to the fve categories. 

This chapter uncovers differences in lifestyle, beliefs, attitudes, priorities, as well 
as more physical dimensions such as house occupancy pattern, and type of property, 
which affect the way people make sense of their energy use. 

Similarities and differences exist across, between, and within groups of differing 
socio-demographic and economic character. 

There is not a clear mapping between socio-demographic or socio-economic 
group and the way that people make sense, so feedback interventions cannot assume 
everyone in the same cohort will respond in the same way. 

Chapter 7 : Individual Differences in Responses to Information Interface 

Chapter 7 examines the participants’ reactions to the energy interface, and its utility 
to them, to explore whether it helped with their sense-making and in what ways. 

It seeks to answer whether an understanding of a participant’s dimensions of 
differences, in terms of sense-making, can be used to predict their engagement, and 
use of, an energy interface. In other words, does this knowledge inform the design of 
energy feedback. 
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Chapter 8 : Discussion and Conclusions 

The fnal chapter considers the research fndings from Chapters 6 and 7 in the context 
of the stated research aim and question. Knowledge gained is examined with reference 
to the motivation for this research, and the wider implications and meanings of the 
fndings are reasoned. 

This research provides empirical evidence that domestic energy consumers are 
different in terms of their energy behaviour, and those differences affect how they 
engage with energy feedback interventions. Their existing understanding — often 
learnt through practical experience — along with their lifestyle, beliefs, values, 
priorities, and available resources shapes their information needs. 

Their behaviour is infuenced by their existing practices (and vice-versa). Lever-
aging informatics design to support those practices shifts the focus away from 
behaviour change towards encouraging consumer agency. 

Supporting and enhancing existing behaviours affords the opportunity for feedback 
interventions to engage energy consumers in a more constructive way — rather than 
the approach which just assumes people need information and then claims success 
through measured savings. 

Future research in this feld could build on the results of the current research by 
developing new, user-centric and individuated, approaches to information feedback 
which is designed to encourage sense-making and user agency. 



2 
B A C K G R O U N D 

“ Case studies highlighted the importance of considering the social 
context, the external environment, the artifacts, and the interaction 
and coordination between these during human-computer interac-
tions. ” 

Rogers (2012) 

P R E F AC E T O C H A P T E R 2 

Affecting domestic energy consumption can be seen as a behavioural issue and, by 
facilitating a change in behaviour, a change in energy consumption can be realised. 
Studies in this feld typically involve some sort of ‘intervention’: an action intended 
to alter the normal course of behaviour. 

One method is to introduce some new artefact which then acts as a catalyst for 
change in behaviour. In domestic energy studies this type of intervention study often 
involves the provision of feedback information on users’ energy consumption. 

A corpus of work exists investigating feedback interventions on domestic energy 
consumers, and energy reductions between 0-20% have been reported in these studies 
(Darby, 2001). 

However the mechanism by which such change is brought about is unclear. There is 
often an implicit assumption that behaviour change is the research goal — researchers 
talk of “persuading” people to act in a particular way (Bager, and Mundaca, 2017; 
Hargreaves, Nye, and Burgess, 2010; Darby, 2001). And whether change endures 
(or the user reverts to previous energy consumption behaviour) after the feedback 
intervention is removed is ambiguous (Frazer, and Leslie, 2014). 

Assuming such behaviour change occurred (to a new lower level of consumption) 
the thing which prompted the change and why the person decided to change is 
unclear. Some studies suggest the reduction was brought about simply by providing 
the consumer with some information on their consumption level (e.g. Faruqui, Sergici, 
and Sharif, 2010), but Carroll, Lyons, and Denny (2014) found households who had 
increased their knowledge during a study did not necessarily show usage reductions 
(compared to a control group) so some other factors must be in play. 

But there is not much reporting of the method by which the intervention might 
have worked — what understanding people made from the intervention information, 
and how they acted on it. However, the use of feedback interventions shows good 
potential for making reductions in domestic energy consumption. 

This chapter discusses the use of feedback in energy consumption studies with 
domestic consumers. The various types of energy feedback are described and their 
scope for behaviour change mentioned. A summary of the key meta-analyses which 

11 
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have been published in this feld illustrates the strengths and weaknesses of existing 
studies. 

An exploration of how people respond to energy feedback identifes assumptions 
made in some intervention studies, and claims that an understanding of how different 
users engage with energy informatics is a gap in current knowledge. It claims that 
how people make sense of energy feedback depends on their existing understandings 
and energy practices. They are already active sense-makers when it comes to energy. 

Informatics which are designed into people’s existing practices offers scope for 
improved interventions. 

2.1 I N T E RV E N T I O N T Y P E S 

Attempting to infuence domestic energy consumption has often been investigated 
through some form of intervention — an action intended to alter the normal course of 
behaviour. Wilson and Dowlatabadi (2007) defne an intervention as “any regulation, 
policy, program, measure, activity, or event that aims to infuence behaviour”. 

Methods for interventions in the feld of domestic energy research fall generally 
into one of two camps: technology, or consumer behaviour. Research grounded in 
HCI often uses a technology push to stimulate change, while studies in environmental 
psychology seek to understand the cognitive processes involved (Froehlich, Findlater, 
and Landay, 2010). Typically, the former seeks to test an information visualisation 
for its apparent ability to generate energy reductions, but does not always seek 
to understand user motivation or the means of the behaviour change. Conversely, 
studies grounded in environmental psychology typically use simple representations 
to investigate the user’s cognitive response and have little direct interest in reducing 
energy consumption (ibid.). 

To appreciate how an intervention might work to infuence behaviour, it is useful 
to review the various types. User interventions have been classifed as either an 

Intervention types antecedent intervention or a consequence intervention (Geller, 1989). The former exert 
infuence prior to some behaviour by infuencing the factors underlying behavioural 
responses: for example, by increasing consumers’ knowledge about energy saving 
possibilities. The latter operate after the behaviour has taken place and use positive 
or negative consequences to infuence behaviour: for example, giving consumers 
feedback on their energy consumption might encourage them to make further savings. 

Abrahamse et al. (2007) subdivided these categories (Figure 2.1) to try to better 
understand how the interventions worked. 

The classes may be described as follows: 
• A commitment is a promise, by the consumer, to change behaviour and is 

usually in the form of a specifc goal: for example, a promise to reduce energy 
consumption by 5%. The commitment may be personal or made public. 

• Goal setting involves the user having a specifc target to aim for; for example 
to reduce energy use by 5%. The goal may be set by the researcher or it may 
be self-set by the user. 

http:currentknowledge.It
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Figure 2.1: Classifcation of strategies for behavioural intervention 

• Information campaigns are frequently used to promote energy conservation 
either of a general nature (e.g. mass media campaign) or specifc to an indi-
vidual user (e.g. energy audit). 

• Modelling gives users an example of recommended behaviour in the hope they 
will follow the example and adopt the new behaviour. 

• In the feedback strategy, users are given information on their energy consump-
tion with the hope they will explore changing their behaviour to try to preserve 
or increase any savings they have made. 

• The rewards mechanism is usually fnancial and dependent on the amount of 
energy saved or a target being met. Penalties can also be considered to be in 
this group where users may incur a fnancial penalty if they do not meet a given 
target. 

People’s motives for complying with any of these mechanisms are discussed below. 
Steg (2008) adds a third class of interventions termed “structural interventions” 

which includes fnancial and legislative interventions. This class of interventions 
aims to change the context within which the user operates. Changes in physical, 
technological, or organisational systems can alter the availability or use of energy-
consuming products and services (for example, the obsolescence of incandescent 
lamps in favour of LED replacements), while changes in legislation or energy pricing 
policies can affect the attractiveness of energy-consuming behaviours or appliance use 
(for example, regulated energy-labelling of appliances seeks to encourage effcient 
design, while step-pricing — price for a commodity varies according to its quantity 
— may encourage usage reduction) (Han et al., 2013). In practice, these structural 
interventions may be better positioned as a sub-class of antecedent interventions (as 
illustrated in Figure 2.1). 
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Goal-setting interventions 

Goal-setting antecedent interventions deserve a special mention as feedback interven-
tion studies involving goal-setting typically give good results (Seligman, Darley, and 
Becker, 1978; McCalley, and Midden, 2002). 

Goal-setting theory developed from the notion that having a conscious goal 
promotes action. The degree of diffculty in achieving the goal affects the success, or 
more specifcally the amount of effort the subject applies to meeting the goal. The 
most diffcult goals engaged the most commitment, less so for very easy goals (Locke, 
and Latham, 2002). However this is challenged by Harding and Hsiaw (2014) who 
found greater commitment only when the goals were achievable: low or very high 
goals were ineffective at securing personal commitment.1 

Goals may be personal goals or group goals, and may be set by diverse agents such 
as by an external organisation (e.g. government), by society (socially determined), or 
by the individual. Who sets the goal and the exact nature of the goal is not always 
obvious. The absence of an explicitly set goal does not mean that no goal is set, as 
people can set their own internal goals based on their understanding of the overall 
objective of the task (VöLlink, and Meertens, 2010). 

Once an individual has ‘signed-up’ to a goal then it becomes their own personal 
target — so, in effect, even socially determined goals are translated into personal 
goals (Joachain, and Klopfert, 2014). 

In terms of intervention design, Locke and Latham (2002) contend that goal 
setting is a better motivator than feedback: feedback is only important in so far as it 
shows progress towards the goal. This explains the combination use of goal-setting 
(antecedent) plus feedback (consequence) in the design of energy intervention studies. 
Feedback in this context is not limited to externally supplied information: it may be a 
personal ‘energy diary’ or other method of tracking progress. 

An issue with using this approach in domestic energy interventions is the determin-
ation of the goal: a hard goal for one person might be easy for another, and vice-versa, 
depending on their circumstances and personal energy behaviours and resources. 
Furthermore, user motivation moderates goal selection: objectives with low personal 
impact may inspire easy (low value) goals (Scott et al., 2011). 

On the other hand, once a person has accepted a goal there are benefts: they 
will direct attention to the goal using whatever knowledge and resources they have 
available — incorporating any intervention feedback if they can see it helping to 
plan a route to achieving the goal. Moreover, the achievement of goals affects the 
persistence of any behaviour or attitude changes made in pursuit of the goal (Locke, 
and Latham, 2002).2 

However, there is a disconnect between this ideal and intervention studies, in terms 
of feedback content and ethos. What feedback is helpful to the user in reaching their 

1 There is insuffcient evidence to determine whether this represents an underlying different 
psychological or behavioural perspective when dealing with energy conservation. Behavioural 
economics suggests decision-framing can result in an imagined failure to meet a high goal being 
perceived as a loss, and therefore this goal is consciously avoided despite this goal representing 
maximum utility. 

2 Lack of persistence is an issue with energy interventions (Abrahamse et al., 2005). 
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goal is diffcult to determine, as it depends on what resources the person wants (in 
order to meet the goal) and what they already have available (which may be external 
resources, or existing knowledge). Unless energy interventions have a clear idea of 
how the user will appropriate the feedback it can be problematic to incorporate the 
correct information. Secondly, if the intervention is focussing on energy savings as its 
success metric then it may miss entirely any positive effect which the intervention 
is not measuring — in other words, any disconnect between the user’s goal and the 
intervention’s goal may be reported as a ‘failure’ of the intervention, even though it 
might have actually succeeded, just not as the researcher planned. This may be one 
reason why energy intervention results are varied. 

In the home setting, goals are rarely set by one person in isolation (see Section 
2.11). The determination of ‘family’ goals can be problematic if family members have 
differing individual goals (Gladhart, and Roosa, 1982) or practices (Gram-Hanssen, 
2014). Even committed goals are subject to moderation by lifestyle and behaviours: a 
goal may be given a lower priority than thermal comfort or convenience, according to 
the person’s priorities (McCalley, and Midden, 2002). 

2.2 E N E R G Y C O N S U M P T I O N F E E D BAC K 

Feedback is used extensively in domestic energy research as a mechanism for effecting 
change in user behaviour. The intention is that by providing useful information to the 
consumer it will increase their knowledge and encourage them to voluntarily alter 
their behaviour. However the information of itself is not suffcient if it is not presented 
in a way in which the user can assimilate it and be motivated to act upon it (Wood, 
and Newborough, 2007a). 

Despite a large number of studies into the use of feedback to domestic energy 
consumers, there is no consensus on the most effective method nor on the effcacy 
of the intervention in terms of energy reductions. It seems to be that some feedback 
methods work for some consumers but not for others. This can make it diffcult to 
compare the results of one study against another. In addition, it is also diffcult to 
predict the expected results when designing a user trial. 

What is energy feedback? 

Karlin, Ford, and Squiers (2013) posit that the existing defnitions of ‘energy feedback’ 
are fawed and ambiguous. They suggest a better defnition: “energy feedback [is] 
information about actual energy use that is collected in some way and provided back 
to the energy consumer” (Karlin, Ford, and Squiers, 2013, p. 381). This assumes we 
are concerned with actual energy use (rather than for example, estimated use), and 
that the feedback is presented to the consumer rather than say to an automated control 
system. (Figure 2.2 shows typical energy feedback visualisations.) 

Darby (2001) divides feedback to consumers into three modes: direct feedback (e.g. 
in-home energy displays; supply meters); indirect feedback (e.g. energy company’s 
bill); and inadvertent feedback (e.g. increased awareness of energy consumption 
through general knowledge or the purchase of new energy-using equipment). Direct 
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Figure 2.2: Typical energy feedback devices used in domestic energy studies: (left) 
simple numeric display, (right) bar chart showing current and historical 
consumption data (Froehlich, Findlater, and Landay, 2010, Fig. 2). 

Immediate vs. feedback is immediate whereas indirect feedback is provided some time after the 
delayed feedback energy consumption has taken place. Vassileva, Odlare, et al., 2012 prefer the terms 

immediate feedback and delayed feedback in place of direct/indirect since this better 
refects its temporal quality. 

Energy feedback is normally categorised into three types: simple — plain displays 
of usage (e.g. consumption meter, coloured lights); comparative — comparisons with 
self; normative — displays energy consumption compared to some social norm (e.g. 
comparison with other households, or to a target fgure). 

Considering the time period covered by the feedback an alternative classifcation 
is offered: historical feedback — consumption during some period in the past, for 
example last month or the year-to-date; current feedback — immediate feedback 
refecting real-time usage; future goals — an expectation of future usage based on a 
forecast or target consumption level. 

Thus there are three attributes describing the type of the feedback, the time period 
covered by the feedback, and the nature of the delivery of the feedback. 

Table 2.1 illustrates the combinations of these attributes which are plausible, and 
their typical usage in visualisations of energy consumption. For example, the energy 
company’s supply meter displays ‘current’ usage as ‘simple’ numeric values on an 
‘immediate’ (real-time) display. 

How is energy feedback used? 

The general principles of the use of feedback in human interaction are well known and 
have been extensively studied over the last 30 years. In the context of energy interven-
tions, Wilson, Bhamra, and Lilley (2015) reviewed current research into the method 
by which feedback operates to change behaviour. They suggest it works through a 
process of cognitive evaluation as the user builds associations between their response 
to the feedback and the subsequent consequences. In order to suitably motivate the 
individual, the feedback must not only provide pertinent information which the user 

Individuated can understand, but the way in which it is presented is also important. Further, they 
feedback contend that the information must be “tailored to the intentions, capabilities and 

expectations” of the individual (see also Wood, and Newborough, 2007a). 
It seems studies often assume the user already has a clear idea, from the outset, 

of what to do in response to a feedback signal but often this is not the case. Their 
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Table 2.1: Types of energy feedback and their typical usage (UK). 

Delivery Type Timespan Usage 

Immediate Delayed Inadvertent Simple Comparative Normative Historic Current Future 

• • 1 • 1 Consumption meter 

• • • Energy monitor 

• • • Energy monitor 

• • • Energy monitor 

• • • – 

• • • Energy monitor (rare) 

• • • – 

• • • Periodic energy bill 

• • • Periodic energy bill 

• • • Annual energy bill 

• • • Annual energy bill 

• • •2 – 

• • • – 

• • • – 

• • •2 – 

• • • – 

• n/a 
1 ‘Smart Meter’ displays typically include limited historical data, and often an estimate of near-future usage. 
2 Strictly speaking, once ‘current’ feedback is delivered by the ‘delayed’ mechanism it becomes ‘historic’. 

‘cognitive map’ develops over time as they make sense of what the feedback means 
and contextualise it. Wilson, Bhamra, and Lilley (2015) give the example where users 
were presented with ambient visual feedback telling them of the surface temperature 
of their central heating radiators. Initially users would respond to the feedback by 
touching the radiator to determine its temperature, but over time they stopped touching 
the radiator and used the visual feedback stimulus instead: they had developed a 
cognitive mapping between the temperature and the light. 

But the user’s response to the feedback signal is not inert: it changes over time 
as their understanding of the feedback evolves. Thus, rather than a static process, Feedback as a 

feedback should be seen as a dynamic mechanism for behaviour change (Wilson, dynamic mechanism 

Bhamra, and Lilley, 2015). The corollary is that the feedback itself should adapt to 
the user’s changing requirements. 

Karlin, Zinger, and Ford (2015) contend that negative feedback is more likely 
to be effective than positive feedback. However, unlike its use in control systems, 
when negative feedback is used in consumer systems the user might simply ignore 
the feedback altogether. 

The desired outcome from a feedback study is often stated (explicitly or implicitly) 
as the wish to create a long-term behavioural change. But is this a realistic expectation. 
In many studies the energy conservation behaviour reverts to previous performance 
soon after the energy feedback is removed. van Houwelingen and van Raaij (1989) 
contend this is because the feedback has a simple learning-reward function and 
the behavioural change has not been internalized through habit formation. The true 
position is likely somewhere in between: users may continue with simple changes 
such as turning off lights when leaving a room, but require the constant reminder for 
more complicated or subtle changes. 
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2.3 E X I S T I N G S T U D I E S - I N T E RV E N T I O N T Y P E S 

Technology-led intervention studies using the feedback mechanism rarely investigate 
why an intervention was (un-)successful (Pierce, Fan, et al., 2010). They tend to focus 
on changes in domestic energy consumption but rarely consider what behavioural 
change occurred on the part of the consumer, and what particular piece of information 
in the feedback instigated that change. A multi-disciplinary study by Abrahamse et 
al. (2007) set out to investigate this enigma, and their fndings are summarized in the 
next few paragraphs, followed by summaries of related work. 

Abrahamse et al. (2005) 

Abrahamse et al. (2005) reviewed thirty-eight studies to assess the effectiveness of 
user interventions. They assigned each study to one or more of the intervention types 
in Figure 2.1 and analysed each study in terms of its design, sample size, duration of 
study, and effectiveness (here determined as energy consumption change). It is worth 
noting that most studies involved more than one type of intervention (e.g. information 
plus feedback, or goal setting plus feedback). 

Only three studies used the commitment intervention, and with mixed results. 
Social desirability Good results were found by Pallak and Cummings (1976) who compared private 

commitment with public commitment and found the latter group saved more energy 
than both the private and control groups, suggesting the desire to meet a social promise 
may have a benefcial effect. The savings in this group were still present six months 
after the intervention ended. 

Six of the studies used goal setting, usually combined with feedback and informa-
Goal setting tion intervention. Interestingly, Becker (1978) gave groups of users either a diffcult 

goal (make savings of 20%) or an easy goal (save 2%) and found the group with the 
diffcult goal made the most savings (15%) but only when combined with feedback 
on performance. The groups with the easy goal did not show signifcant savings — 
the suggestion being the users did not think the effort worthwhile to make such a 
small saving (viz. poor motivation). This effect is also noted by Suppers and Apperley 
(2014) who suggest a diffcult goal can have an “energizing” effect on the user and 
encourage the user’s “persistence” and desire to meet the goal (see Section 2.1). 

Information-only studies resulted in an increase in general knowledge of energy 
Information feedback saving measures by the participants but did not result in actual savings (e.g. Geller, 

type 1981). Personalized information (e.g. home energy audits) showed mixed results; 
Winett, Love, and Kidd (n.d.) reported savings of 21% (but N = c.25) compared to 
a control group, but several other studies found no signifcant difference in actual 
energy use, or even an increase (McMakin, Malone, and Lundgren, 2002). 

Only one study used modelling as its intervention method and reported savings of 
10% within the frst fve weeks, but the savings did not continue at a repeat visit one 
year later. Similarly, most studies using rewards-based trials found energy savings, 

Rewards mechanism but the savings were not maintained after the reward was discontinued, suggesting the 
intervention had not resulted in a behaviour change in the participants. 

http:reportedsavingsof21%(butN=c.25


2.3 E X I S T I N G S T U D I E S - I N T E RV E N T I O N T Y P E S 19 

Overall the majority of the studies reviewed used feedback as the intervention 
mechanism and investigated the effect of either (i) varying the frequency of feedback 
information, or (ii) varying the feedback content. 

Studies (reported by Abrahamse et al., 2005) found that feedback is more effective 
the more frequently it is given; continuous feedback being more benefcial than 
monthly or annual feedback. Interestingly, three studies found contrasting effects 
for high versus low consumers where the latter group actually increased their usage 
because of the feedback (‘rebound’ effect).3 However the authors acknowledge the 
low numbers in the study group may affect any conclusions which might be drawn 
from this. In contrast to more recent studies, comparative feedback was found to be 
less effective than individual feedback in two of the papers reviewed. 

Darby (2001) 

To investigate the effectiveness of direct (i.e. immediate), indirect (i.e. delayed) 
and inadvertent feedback, Darby (2001) reviewed thirty-eight feedback studies and 
tabulated the percentage energy savings found. Savings for trials using immediate 
feedback were between 0–20%. Savings from delayed feedback studies were clustered 
around 0–4% and 10–14%, suggesting that more informative bills might be benefcial 
in raising customer awareness and interest. She concludes by saying that savings “of 
the order of 10%” are possible. 

In a subsequent update to her work, she reported savings from immediate feedback 
of 5–15%, and 0–10% for delayed feedback (Darby, 2006). She also suggests savings 
of 7–10% for an inadvertent feedback study.4 

Fischer (2008) 

In a seminal reworking of fve meta-reviews plus twenty-one primary other stud-
ies, Fischer (2008) concluded there is a lack of studies which are experimentally 
valid due to various factors such as small sample sizes, lack of control groups and Problems with 

unrepresentative samples (e.g. disparate households). studies 

The studies varied widely in terms of: 
• Frequency and duration of feedback. This varied from continuous to less often 

than monthly, given over a period of typically 4–6 weeks but sometimes up to 
9 months. 

• Content. The majority of the studies reviewed gave information on consumption 
and cost. Only two studies provided environmental information (e.g. CO2 

equivalence). 

• Breakdown. Only six studies provided any breakdown of consumption by room 
or appliance. 

3 Note that Shove posits the so-called ‘rebound’ effect is a misnomer and merely an artefact of a 
fawed understanding of the “plenum” of energy consumption practices exhibited by people 
(Shove, 2018). 

4 Although this included load control and time-of-use pricing, so feedback (i.e. regular billing) 
was only a small element of the study. Two other studies she puts forward as inadvertent are 
better described as direct feedback. 
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• Information provision. Studies variously used the periodic supply bill, point-
of-consumption meters, and dedicated electronic displays. The design of the 
information content was rarely discussed or justifed. 

• Comparative feedback. Nearly all the studies displayed historic self-comparative 
data. Twelve studies also displayed normative data. 

• Secondary feedback. Most of the studies also included some other form of 
feedback such as fnancial incentives, goal setting, or hints and tips. 

Feedback Some tentative conclusions were drawn however, and she suggests the best types of 
recommendations feedback: 

• Provide interactive feedback which can be varied at user’s request. 

• Include an interactive element which engages the user and maintains their 
interest. 

• Provides disaggregated appliance-level breakdown of consumption. 

• Give feedback at least daily or, ideally, more frequently. 

• Includes historic or normative comparisons. 

• Presented in an easy to understand way. 

2.4 I S S U E S W I T H E X I S T I N G S T U D I E S 

Issues with existing These (and other) meta-reviews of domestic energy intervention studies cite a number 
studies... of issues with intervention research. These can be summarized as follows: 

...method (i) Issues with the method 

Small sample size 
Many trials include only c.10–100 households which can lead to very small test 

groups once subgroups and controls are defned. For example, this left only 10 studies 
with samples large enough for statistical analysis from a meta-analysis of around 100 
studies (Fischer, 2008; also Abrahamse et al., 2005; Faruqui, Sergici, and Sharif, 
2010). 

However Darby (2001) found the size of sample did not make a signifcant 
difference to the results, with the smaller studies (N<200 participants) reporting 
the same results as the largest studies (N=200–2,000). 

Large within-group variances 
The reported results of some trials hide large variances in the energy savings 

achieved which cannot be statistically removed due to the small size of the group. 
This may invalidate the reported conclusions (Abrahamse et al., 2005; Fischer, 2008). 

Intervention method unclear 
Often the intervention method is unclear (e.g. whether general energy-saving 

information was supplied or whether it was related to specifc energy-saving measures) 
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making the understanding of why an intervention did or did not work hard to determine 
(Abrahamse et al., 2005). 

Multiple interventions 
The causal factor in changing the user’s behaviour may be unclear when multiple 

interventions act simultaneously, and/or it becomes diffcult to determine the contri-
bution of each intervention separately (Abrahamse et al., 2005). Some studies report 
conclusions for a particular type of intervention (e.g. feedback) but it is apparent, 
from the published report, that other interventions (e.g. information) were used at the 
same time (ibid.). 

Unexpected intervention 
A behaviour change may have resulted which, in fact, was not directly due to the 

method under trial but by some other factor which was not being monitored in the 
study (Abrahamse et al., 2005). 

Feedback frequency and duration 
Where feedback is used as the intervention method its frequency and duration is 

often arbitrarily selected by the researchers. This can lead to diffculties in comparing 
one study with another and with generalising results (Fischer, 2008). 

Long-term follow-up 
Few studies involve a follow-up investigation after the initial study has been 

completed. Thus it is unknown whether the behaviour change was permanent or 
whether the user reverted to their previous behaviour after a period of time (Abrahamse 
et al., 2005). 

Research motivation 
In research-oriented projects (i.e. where the trial is undertaken to test a theory or fll 

a knowledge gap) the design of the user trial typically follows the research question 
and is not concerned with the real-world applicability of the results (Fischer, 2008). 

(ii) Issues with user selection ...selection bias 

Motivation 
Users taking part in studies are often self-selected, highly motivated individuals 

with a pre-existing awareness of energy or environmental issues. This can make the 
generalisation of results from the trial at best diffcult and at worst untrustworthy. 
For example, Abrahamse et al. (2005, p. 282) report a study which claimed to have 
proven “unequivocally the effectiveness of payments” but which was based on a study 
of only four households (N=4). Fischer (2008) suggests the user’s motivation should 
be surveyed as part of the study, if the results are to be placed in their proper context. 

Socio-demographics 
Studies often do not give any detail on the housing type, ownership and social 

status, etc. of the users taking part in the trial (Fischer, 2008). Where such information 
is given it is usually in an attempt to rule out these factors as causing any difference in 
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the results from trial groups. However in such cases the results cannot be generalised 
to the larger population (although they are sometimes claimed thus). 

...reporting of results (iii) Issues with reporting of results 

Headlining of results 
There can be too much focus on numbers (e.g. “achieved x% reduction”) which 

can inhibit discussion on the success or failure of the mechanism of behaviour change 
(Wilson, Bhamra, and Lilley (2015)). 

Inconsistent reporting 
Studies used a wide variety of reporting methods which vary in time period and 

measurement units, or use selective qualitative measures (Fischer, 2008). 

Lack of statistical data 
Associated with the problems with small sample size is the inability to perform 

statistical analysis on the results to quantify the effect (e.g. insuffcient results to 
enable calculation of mean and standard deviation) (Abrahamse et al., 2005; Fischer, 
2008). 

Lack of qualitative analysis 
Seligman, Kriss, et al. (1979) found that 50% of the variance in energy use could 

be explained by the user’s attitude towards energy conservation. This factor is rarely 
taken into account in study results (even though it is perhaps illustrated by the large 
within-group variances noted above). 

Self-reported behaviour 
Studies may determine a result of the intervention based solely on user-reported 

data, but this may not be reliable (see Luyben (1982) below). 

Perspective 
Few studies report the real-world impact of the measured savings; for example, a 

10% saving on 1,000 kWh may entail signifcantly different actions by the householder 
than a 10% saving on 10,000 kWh (Abrahamse et al., 2005). 

These issues can have a signifcant effect on the reported outcomes of the trials, 
either in terms of the validity of the results or in the actual energy savings achieved; 
or both. In several of the scenarios it means the results are not reproducible since the 
original test environment cannot be replicated for one or more reasons. 

Where the results are still experimentally valid despite their issues, it may be very 
diffcult to compare one trial with another, thus making any comparison problematic. 

In terms of the actual energy savings made by users in the trials, these issues are 
perhaps unlikely to affect the measured savings, but could seriously question the 
statistical validity of the results. This is especially the case with trials using a small 
sample size, and with those which do not provide suffcient data to enable statistical 
analysis of the results. 
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Comparing results from existing studies is problematic. Most studies in the HCI realm 
focus on the calculation of energy savings determined during the study so it might be 
expected that comparing the published percentage savings offers a way to compare the 
outcome between differing studies. However, in practice there is signifcant diversity 
in the methodology used to investigate the intervention, and in the nature of the 
intervention itself. This is compounded by differences in reporting quality between 
studies. The diffculties can be disposed into two groups: methodological factors, and 
behavioural considerations. 

Methodological Differences 

In a seminal statistical meta-analysis Karlin, Zinger, and Ford (2015) suggested that 
the effect of feedback on energy conservation is moderated by, inter alia, the study 
setting, methodology, and type of intervention. They single out sample size, sampling 
bias (participant selection), and feedback frequency as being of particular interest in 
affecting the results. 

The empirical studies typically involve the temporary installation of an energy Participant bias 

sensing and display system, which may not be logistically practical for a large-cohort 
study. Thus the research may involve a small sample size (N=4–50) which can result 
in participant selection bias: householders taking part in these studies tend to be highly 
motivated, have higher than average incomes, and higher than average education level 
(McKerracher, and Torriti, 2013), which can make comparisons and generalisations 
diffcult. 

Karlin, Zinger, and Ford (2015) compared small and large sample sizes (they 
defned large as >300 subjects) and found larger sample sizes had a statistically smaller 
effect than smaller studies, which they suggest may be an artefact of selection bias in 
smaller-sized studies. (Alternatively it may be a result of publication bias: studies with 
small samples and small savings may be under-represented in the published literature.) 
This contradicts the earlier work of Darby (2001) who found no signifcant difference 
in measured effect between studies with small and large cohorts, but includes three 
recent (2009–2013) large-scale energy supplier studies (over 78,000 subjects each), 
and as the latter were opt-out rather than opt-in studies sampling bias was minimised.5 

Reduced savings from larger sample size is confrmed by McKerracher and Torriti 
(2013) who postulate the difference between large and small cohort studies is because 
of less self-selection bias and reduced motivation in the larger samples. They argue 
that small sample sizes have both a strong desire to participate and to produce energy 
savings, and an increased level of researcher involvement (such as regular face-to-
face or telephone interviews) may also inadvertently foster Hawthorne Effects and 
social desirability responses from the participants.6 Buchanan, Russo, and Anderson 

5 These three longitudinal studies determined energy savings of 1.2%–2.4%. 
6 In the Hawthorne Effect participants in a study modify their behaviour because they are aware 

they are being monitored, potentially leading to unrepresentative test results. 



24 BAC K G RO U N D 

(2015) assert that few studies take account of the Hawthorne Effect in their control 
conditions, thereby complicating the assessment of the results.7 

Further illustrating the problems with comparing studies with differing method-
ologies, McKerracher and Torriti (2013) observe that studies with representative 
sampling (any size of cohort, and which allowed for participant opt-out) generated 
mean energy savings of 2.6% compared to 8.2% in studies which involved less than 
100 self-selected (opt-in) participants with a high degree of researcher involvement. 
Of course this may be simply symptomatic of the effect of the interest level of the 
general population versus an interested cohort, and is therefore to be expected, but note 
that some small-cohort studies suggest, either implicitly or in some cases explicitly, 
that the saving evidenced in their study has general applicability and is representative 
of what could be expected from a general implementation. 

Studies from different countries or different times may not be comparable due to 
differences in energy policies and social climates prevailing in differing places and 
times as well as differing research paradigms (Darby, 2001; Umit et al., 2019).8 

With differing content (e.g. real-time versus comparative versus normative), feed-
back period (e.g. current versus historic versus future), and data presentation (e.g. text 
versus bar chart versus line graph), one might think it would be useful to compare 
studies with differing attributes to assess the difference but, in practice, there is usually 
more than one difference thus confounding direct comparison. 

Type of intervention Studies often employ designs where the exact nature of the intervention under in-
vestigation is not reported (and may, or may not, be able to be inferred from the report). 
Comparing antecedent interventions with consequence interventions yields different 
responses, as indeed may the comparison of one antecedent intervention with another. 
The fact that some studies inadvertently use a combination of interventions confounds 
the analysis of the cause of any observed effect even further (Abrahamse et al., 2005). 
Similarly, deliberate multiple interventions rarely include single-intervention groups 
for control purposes making it diffcult to assess the effcacy of the combination or 
which intervention contributed most to the overall effect (ibid.). 

Lack of control group Fischer (2008) bemoans a shortage of projects that are “both scientifcally and 
ecologically valid”, citing issues with unrepresentative samples, confounding of 
feedback treatments, and poor reporting of methods and results. Of eight papers 
which conducted feld studies in eco-feedback, Froehlich, Findlater, and Landay 
(2010) found that none of the studies included a control group that was not exposed 
to a feedback intervention. Collection of baseline data is patchy, with some studies 
collecting data for a week, a month, or a year (rare), while others apparently do 
not collect any baseline data at all. None of the studies discussed whether the 
baseline data were truly representative or any potential issues: such as seasonal 
effects — even electricity usage is subject to seasonal variation (Archibald, Finifter, 

7 For evidence of the Hawthorne Effect see the empirical study by Schwartz, Fischhoff, et al., 
2013 which caused a 2.7% reduction in energy use where the sole intervention was sending 
weekly postcards to remind householders of their participation in an otherwise unseen energy 
consumption study. 

8 For example, in the mid to late 2000s there was a dominance of studies promoting the effcacy 
of Smart Meter technology which was a government imperative at the time, and energy savings 
of up to 25% were being mooted. However by the mid 2010s Smart Meters had fallen out of 
favour and research re-focussed into other technologies. 
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and Moodty, 1982; Li, Allinson, and He, 2018) — on either the immediate results 
or the generalisability of their savings, or the problems with comparing year-on-year 
fgures — for example, household and lifestyle changes. Although one study (van 
Houwelingen, and van Raaij, 1989) adjusted the results for weather (degree-days) 
over the long-term, it did not report on the validity of comparing consumption for 12 
months ago with the current month (i.e. it assumed consumption in the two periods was 
directly comparable). In their meta-review, Delmas, Fischlein, and Asensio (2013) 
found that studies which incorporated valid controls and/or weather corrections 
returned statistically signifcant smaller savings (average 2%, range -5% to 5%, 
N=229) than studies without such rigour (average 10%, range -8% to 55%, N=75). 

Ambient visualisations are usually treated as a separate class of feedback which 
cannot be compared in terms of energy savings since studies involving these visu-
alisations rarely include energy consumption measurement.10 Although ambient 
visualisations have been received favourably in mixed-visualisation (i.e. combined 
ambient + non-ambient) studies (Anderson, and White, 2009; Paay et al., 2014) their 
contribution to the overall result has not been quantifed, and a study has not been 
found which reliably compares an ambient plus non-ambient visualisation versus the 
other two modes individually. 

Behavioural Differences 

A number of human factors directly affect feedback intervention studies, including 
level of engagement with the research (e.g. level of interest in the In-Home Display 
(IHD)) and reasons for taking part in the study. There is often an assumption that 
participants are taking part with the purpose of reducing their energy consumption 
(Fischer, 2008), but that may not always be the case where the desired outcome is 
simply increased knowledge and understanding of their existing consumption (Oltra 
et al., 2013). Fischer (2008) goes further and contends that an explicit “motivation to 
conserve” is required for people to be able to make sense of their energy consumption 
information, but that is not borne out, for example, in interview/questionnaire studies 
where the participant’s stated aim is simply a better awareness of “where their energy 
goes” 

Highly motivated participants tend to show more engagement (e.g. frequency 
of interaction) with the IHD while participants with less interest in the study may 
completely ignore it (Oltra et al., 2013). Thus the degree of selection bias can strongly 
affect the results of the research, making inter-study comparisons diffcult. In practice, 
participants’ motivation for taking part in a study is largely unexplored beyond an 
expression of an interest in environmental awareness or reducing cost. 

Behaviours related to energy conservation can be divided into two categories: 
effciency behaviours, and curtailment behaviours (Stern, and Gardner, 1981; Gardner, 
and Stern, 2002). Curtailment behaviour focuses on the reduction of everyday energy 

9 Where N is the number of studies reviewed. 
10 Some feedback studies include an ambient display as part of their data visualisation but the 

Wattson device from www.diykyoto.com is the sole ambient-only feedback monitor found in 
quantitative studies. 
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use, such as by lowering the temperature in unused rooms or switching off lights 
when leaving a room. Such changes are relatively easy to undertake but may have 
an effect on lifestyle and personal comfort, and, in extremis, may be detrimental to 
health and well-being (such as when households in fuel poverty self-disconnect their 
energy supply for fnancial reasons). Effciency behaviours, in contrast, often centre 
around the purchase of appliances which are more energy effcient — hence their 
alternative label “investment behaviour” — such as the purchase of energy-effcient 
lighting, cold appliances (refrigerator, freezer), or similar. An area of confusion in the 
literature surrounds the replacement of one behaviour with another – for example air-
drying clothes instead of using a tumble-drier, which strictly speaking is an effciency 
behaviour but some studies refer to this as curtailment (of the use of the tumble-drier). 
This illustrates the narrow outlook of intervention studies which think only in terms of 
‘energy’ rather than the whole ecology of energy use in the home and the importance 
of user behaviour. Unless a study says exactly how they differentiate effciency versus 
curtailment it can be problematic to compare and contrast different studies.11 

A focus on measured energy reductions can make interpretation of the results 
diffcult. For example, participants may have adopted energy-saving behaviours 

‘Rebound’ effect without decreasing their overall energy use through the rebound effect (Druckman 
et al., 2011;Sorrell, 2007) — ‘spending’ the saving on a new device or behaviour 

‘Boomerang’ effect — or through the boomerang effect (Schultz, Nolan, et al., 2007) — a tendency to 
view consumption below the average as ‘abnormal’ and increase their consumption 
in response. 

Alternatively it is possible that energy-related behaviours may have changed in 
areas which were not monitored by the intervention because of a spillover effect 

‘Spillover’ effect (Hargreaves, Nye, and Burgess, 2010) — such as reduced car use, or increased energy 
awareness being passed on to family and friends prompting energy saving behaviours 
from them. 

The extent to which any of these effects are germane to the study outcomes — and 
hence the validity of comparing studies — is hard to quantify in existing studies. 

These effects illustrate the need to consider the energy consumer not simply as an 
‘object’ under study but as an active stakeholder within the domestic energy ecology: 
this necessitates a move away from an isolated focus on either energy reductions or 
on behavioural practices (Labanca, and Bertoldi, 2018). 

Conversely, interventions which focus solely on the research ‘instrument’ (i.e. the 
feedback tool) may lack the detailed analysis of behavioural antecedents and responses 
which is necessary to assess the true effectiveness of the intervention (Karatasou, 
Laskari, and Santamouris, 2014). 

Study duration has a signifcant infuence on the outcomes. Notwithstanding the 
impact of user motivation there is a frequently reported “novelty effect” which 

11 A proposal by van Raaij and Verhallen (1983) which differentiated between: (i) purchase-
related behaviours (purchase of energy effcient appliances and equipment), (ii) usage-related 
behaviours (day-to-day usage of appliances in terms of frequency, duration, and intensity of 
use), and (iii) maintenance-related behaviours (servicing and repairs of appliances to maintain 
effciency), despite offering the potential to usefully differentiate between capital purchases and 
maintenance activities, has largely been neglected in favour of the effciency vs. curtailment 
model. Curtailment equates to usage-related behaviour, while effciency encompasses purchase-
and maintenance-related behaviours (ibid. p126–127). 

http:studies.11
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manifests in the frst few weeks of a feedback intervention study (Hargreaves, 
Nye, and Burgess, 2010; Oltra et al., 2013; Pereira et al., 2013). During this time, 
users experiment with the provided energy monitor and typically explore the energy 
consumption of their domestic appliances, thereby increasing their awareness of their 
energy use. However after this short period of exploration they have learned their 
usual consumption pattern and a simple real-time display is no longer of interest. 
Instead of being actively carried around the house the monitor is then usually left in 
one static location, and the frequency of interaction is reduced. Over time the monitor 
may become backgrounded, or even disconnected and no longer used (Snow et al., 
2013). 

Whether a similar novelty effect exists in interview-based interventions (i.e. which 
do not include an energy monitor) is not known, but such an effect can be surmised. 

Although the data being displayed are relatively simple there is still scope for user 
misunderstandings. Beyond the often reported problems with user comprehension 
of the units of kilowatt-hours or tonnes of carbon dioxide (e.g. Anderson, and 
White, 2009; Hargreaves, Nye, and Burgess, 2010; Karjalainen, 2011), there may 
be issues with the information content itself (type of information, possible multiple 
interpretation, excess information, etc.) (Fréjus, and Guibourdenche, 2012). 

Even the interpretation of cost as monetary value can cause diffculties if the tariff 
is misunderstood by the user, or if the apparent saving is of small monetary value 
then people decide it is not worth the effort (Asensio, and Delmas, 2015; Wood, and 
Newborough, 2007a).12 

Few studies report on the ease or diffculty with which the participant achieved 
their energy reduction during the study, or how they achieved it. For example, the 
purchase of a more effcient refrigerator may have been their only response and no 
behavioural or attitude change has occurred. A focus on numerical energy savings 
hides the effort which went into achieving the reduction: a profigate household may 
fnd it easy to achieve a saving of 10% of 20,000 MJ annual consumption in contrast 
to an already energy effcient household who may have trouble saving 10% of 5,000 
MJ (Abrahamse et al., 2005). This is particularly relevant when trying to compare 
studies with a small sample size where the demographic make-up of the participants 
is unknown. 

Usability issues have sometimes been reported with the design of research displays 
such that participants have diffculty with the button sequences required to access 
certain functionality (Fréjus, and Guibourdenche, 2012), which can make it diffcult to 
determine whether a lack of expected savings was because of usability or behavioural 
reasons. 

2.6 F E E D BAC K T Y P E 

Geller (1981) tested community-based workshops at which householders were given 
information on energy saving measures they could adopt in their homes. Although 

12 Published research was not found which solely compared the display of kWh, CO2, £, to the 
user despite the units of energy display having a strong infuence on user’s understanding of 
their consumption (Jain, Taylor, and Culligan, 2013; Wood, and Newborough, 2007a). 

http:2007a).12
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the “attitudes, knowledge and behavioral intentions” of the users were signifcantly 
infuenced by the workshops, it resulted in little tangible change in actual behaviour 
(i.e. energy conservation habit) until followed-up by home visits. 

Other studies found that people would publicly say they were going to adopt an 
energy saving measure (e.g. lower their thermostat setting by one degree) but in 
practice they did not. Furthermore the thermostat setting reported by users was 
signifcantly lower than that subsequently observed during in-home follow-ups, 
suggesting a desire to conform to social desirability was infuencing user behaviour 
more than their desire to save energy (Luyben, 1982). 

Information-only studies increase the user’s general awareness of energy issues 
and their options to reduce consumption but do not seem to be effective unless 
used in combination with some other intervention method (i.e. where they act as a 
reinforcement) (Brandon, and Lewis, 1999). 

Advice tips presented as part of the feedback, as a suggestion for the user to 
follow to reduce energy use, are frequently cited as a desirable feature by users but, in 
practice, are not always effective: a study in Norway found no increase in effectiveness 
of the intervention due to advice tips (Wilhite, and Ling, 1995). However, more recent 
studies using value-framed and personalised information feedback have shown good 
user engagement and response (Mogles et al., 2017; Asensio, and Delmas, 2016). 

Some studies (e.g. Slavin, Wodanski, and Blackburn, 1981) found that group goals 
were effective in changing user behaviour, however Abrahamse et al. (2007) report 
mixed results unless the composition of the group is carefully constructed such that 
individual participants feel the group refects their personal attitudes, and there are 
regular group meetings to encourage communication between group members. If these 
conditions are met then group feedback may have a role to play; by making people 
aware that others are actively involved in energy saving they may be encouraged to 
make changes themselves. 

Few studies incorporated audio messages for feedback dissemination, although this 
could be a valuable adjunct to ambient presentations as a way of indicating change of 
state. This is probably because of the type of information display used in the studies, 
such that audio was simply not considered. However Fitzpatrick and Smith (2009) 
reported none of the users in their study wanted ambient audio or alarms. 

Only a few studies were found which used feedback with low-income households. 
Customisation of the feedback content for this particular audience could not be 
identifed. 

Fischer (2008) reports that few studies have considered the design and content of 
the display device, other than the suggestion that a combination of text, diagrams 
and tables is better than a single format presentation (Roberts, and Baker, 2003). 
Furthermore, only two projects tested variations in display content. 

Having said (above) that studies are often confounded because they compound 
Compound interventions (meaning there is no clear, measurable, response to any specifc inter-

intervention vention), Abrahamse et al. (2007) point out that energy consumption interventions 
do work best when used in combinations, as this avoids any issue with different 
households responding to some interventions and not others (whether by choice or 
other factors). 
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Results from trials which involve a combination of goal setting plus feedback 
frequently report good success with encouraging the users to reduce energy consump-
tion. The effect seems more pronounced when the goal is challenging for the user to 
reach and when combined with a user commitment (e.g. Katzev, and Johnson, 1983; 
van Houwelingen, and van Raaij, 1989). 

Historic feedback (comparing with earlier periods of consumption) may be more 
effective than comparative or normative (comparing with other users, or with a 
predefned target) (Darby, 2006; Roberts, Humphries, and Hyldon, 2004). 

Self comparisons can be used to highlight anomalies in an individual’s regular 
pattern of consumption pattern but may mask the level of the overall consumption 
(Egan, 1999). This is where normative feedback may be useful, but only if the data 
are compatible, viz. compared to houses in a similar location, of a similar size and 
number of occupants, and with similar level of appliances (Fischer, 2008; Egan, 1999; 
Petkov, Köbler, Foth, Medland, et al., 2011). 

In contrast to other authors, Fischer (2008) reports that none of the twelve studies 
which included normative feedback showed any effect on consumption. This illustrates 
a potential problem with normative feedback, wherein consumers whose consumption 
is below the average may actually increase their usage to nearer the average (see also 
Abrahamse et al., 2005; Schultz, Nolan, et al., 2007; Brandon, and Lewis, 1999) in 
a manifestation of the ‘rebound effect’ (Sorrell, 2007). The same issue might occur 
with self-historic comparisons: a user might be minded to only take action when 
consumption has actually risen from previous values. 

To ensure maximum level of user’s engagement and motivation, feedback from an 
in-home display should be combined with social processes (e.g. focus groups, public 
commitments); researchers have found making a public commitment not only aids 
behavioural adjustment but the effect also seems long lasting (DeYoung, 1996; Pallak, 
and Cummings, 1976). 

If multiple users could potentially respond and act upon the feedback signal then 
some way needs to be designed into the system to inform other users that action has 
been taken and what that action comprised. For example, if feedback prompts one 
of the people in a family to alter the heating thermostat then this information needs 
to be communicated to other family members to prevent the remedial action being 
duplicated, with possible negative effects (Wilson, Lilley, and Bhamra, 2013). 

2.7 K E Y F E AT U R E S O F F E E D BAC K 

From the above discussion it is possible to discern some key features that an energy 
feedback system should possess. 

Feedback needs to be provided as soon after a user action as practical so as to 
improve the link between action and effect in the user’s mind (Abrahamse et al., 2005; 
Fischer, 2008; Darby, 2006). However not all devices may require the same frequency Variable frequency of 

of feedback (Wood, and Newborough, 2007a). For example, cooking may beneft feedback 

from more frequent feedback than say watching television since, if there is little 
immediate response the user can make in response to the feedback, having frequent 
feedback is not worthwhile and may adversely affect the desired outcome (e.g. the 
user may become disillusioned with the display device). The duration covered by 
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the feedback is an important consideration; a display local to the appliance should 
usually cover a shorter time period to ensure contemporariness of the information 
displayed, whereas a centralised display would show a larger time period (Wood, and 
Newborough, 2007a) and also provide comparative data. 

The information provided must adapt to the needs of different users. And, in fact, 
an individual user’s requirements may change through time as they become more 
aware of their own usage (energy literacy) and as their personal circumstances change 
(e.g. as their young children grow older (Snow et al., 2013)). 

Feedback attributes: 

• Informational feedback results in increased knowledge but may not result in 
behaviour changes or energy savings. 

• Rewards are effective but the effect is short-term and users typically revert to 
their old behaviour once the reward is withdrawn. 

• Feedback is effective, especially when given frequently. 

• User-centred focus groups which meet to share ideas and swap experiences 
can help reinforce behavioural changes. 

• Social commitment may encourage action. 

Feedback informatics: 

• Avoid negative feedback. 

• Immediate feedback is more effective than delayed feedback. 

• Personal historic feedback is more effective than normative (comparing with 
others) feedback. 

Feedback method: 

There are a number of issues with many of the existing domestic intervention studies 
which makes comparisons between them and generalizations diffcult. For example, 
Karlin, Zinger, and Ford (2015) contend that factors such as trial duration and triallist 
selection can not only affect the results directly, but also by moderating the action of 
the feedback itself (i.e. a systemic effect). 

Some conclusions on the optimum feedback method can be drawn: 
• Use immediate and continuous feedback. 

• Use self-comparative historic feedback. 

• Use goal setting with demanding, but achievable, targets. 

• Feedback should be interactive with user control of displayed content. 

• Use disaggregated feedback. 

• Use ‘hints and tips’. 

• Consider: 
• Use social commitment. 
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• Use normative feedback. 

2.8 F E E D BAC K C O N T E N T 

The user’s level of motivation and interest is critical to the success of a feedback 
intervention and the display must capture user’s attention (Oltra et al., 2013; Wood, 
and Newborough, 2007b). In her meta-review, Fischer (2008) evaluated which types 
of feedback work best and suggested: 

• Designs which allow the user to change the data displayed at their choice (e.g. 
changing time period; historical comparison; energy-saving tips). 

• Designs which used an interactive element (e.g. interaction with a computerised 
display; self meter reading). 

• Designs which provide detailed disaggregated breakdowns. 

• Designs with a high frequency of feedback (daily or more often – weekly or 
monthly feedback was okay but not as effective as daily). 

This led her to compile a list of which features were desirable for successful feedback 
(Fischer, 2008): 

• Detailed feedback based on actual consumption (i.e. not estimates). 

• Uses a graphic presentation (pie chart for a breakdown; vertical bar chart for 
comparisons). 

• Has a high frequency of feedback information (daily or more). 

• Allows interaction with the display. 

• Has an appliance-level breakdown. 

• Has self-comparison of historic usage. 

• Information is clearly presented; uncluttered; clearly labelled. 

• Given over a long period of time (to engender habit formation). 

This list agrees well with a user study conducted by Snow et al. (2013) who quizzed 
consumers on which attributes they would considerable desirable in an energy display: 

• Comparing average usage per day / per month / per season. 

• Comparing their house to a city / suburb / street average. 

• Comparing to other similar sized households / to a specifc friend’s house / to 
households with a similar infrastructure (e.g. solar panels). 

• Comparing consumption within the home - e.g. comparing rooms or appliances. 

• Appliance-specifc feedback was consistently noted as desirable and not noted 
as undesirable by anyone. 

• Historical comparison was often mentioned as desirable but was not unanim-
ous. 



32 BAC K G RO U N D 

• Normative comparisons were ‘Marmite’ — desirable to some but completely 
undesirable to others (seemingly because “it’s all about me and I don’t care 
about anyone else” rather than for reasons of data security). 

Both whole-house and disaggregated feedback is desirable. Karlin, Zinger, and 
Ford (2015) found that users of localised plug-in devices (point-of-consumption) 
desired whole-house information, while users with access only to aggregated whole-
house fgures requested a detailed breakdown by appliance or activity. 

The content of feedback is usually displayed as energy consumption (e.g. kWh) 
or cost. Fischer (2008) suggests these different styles affect different motives and 
personal and social norms in the participants. Thus the desired behaviour change must 
be considered in tandem with the data format. She found only two studies which used 
environmental impact as the feedback content. 

A later study (Fitzpatrick, and Smith, 2009) reported that only one triallist in their 
study (who described themselves as ‘eco-warriors’) wanted, or indeed understood, 
CO2 emission values. They also highlighted the importance of framing the time 
period for cost (and energy) value reports: triallists found annualised £-per-year 
values meaningless or unhelpful. Pence-per-hour was equally uninteresting since the 
displayed variances were too small to be motivating. 

2.9 E N E R G Y F E E D BAC K V I S UA L I S AT I O N 

The visualisation used to display energy consumption information to participants in 
energy intervention studies is moderated by the feedback type. 

Indirect feedback, presented on energy supplier’s bills, typically comprises usage 
in kilowatt-hours, and its equivalent cost according to the user’s energy tariff. In the 
UK, supplier’s bills are also required to include an estimate of the next 12 months’ 
cost based on current usage and tariff (Ofgem, 2019). 

Direct feedback is open to a wider range of information presentations depending 
on the methodological, technological, and resource capabilities of the study and the 
participants’ homes. 

Direct Feedback 

Energy consumption feedback in intervention studies can be disseminated to users in 
various ways, for example: paper/sticky notes (Brandon, and Lewis, 1999), dedicated 
television channel (Vassileva, Dahlquist, et al., 2013), email (Chen, Delmas, and 
Kaiser, 2014), passive energy monitor (Parker et al., 2006), interactive monitor 
(Nilsson et al., 2014), interactive website (Liu et al., 2010), smartphone app (Nguyen, 
2014; Buono et al., 2019). 

The method chosen broadly follows the temporal trend of technological innovation: 
early studies (before 2005) typically used paper feedback, while energy monitors 
became prevalent during the ‘Smart Meter’ era (2005–2013) developing interactive 
features over time. Following advances in pervasive computing, the current (2013– 
2019) fashion is for interactive websites, internet-enabled devices, and, more recently, 
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mobile phone apps. With the exception of indirect feedback the earlier, passive, 
methods have largely falling out of favour. 

Figure 2.3: (left) Pragmatic visualisation gives direct feedback on energy con-
sumption (Eco-Eye from www.eco-eye.com), (right) Ambient visual-
isation gives at-a-glance state of energy consumption (Wattson from 
www.diykyoto.com). (Pierce, Odom, and Blevis, 2008, fg.3) 

Delivery Method 

Vassileva, Odlare, et al. (2012) examined consumers’ preferences for method of deliv-
ery between website dashboard, energy monitors (IHD), and paper bills. Participants 
were grouped according to type of dwelling (house vs. apartment), household income, 
and consumption level. Website, e-mail, and IHD generally ranked above letter and 
mobile phone. Differences in preferences between dwelling type were unclear, but a 
preference was found in the low-income group for paper billing over all other types. It 
was hypothesised that this group comprised mostly older people. This suggests there 
are differences in how to supply feedback data depending on the target demographic. 

Wilson, Bhamra, and Lilley (2015) contend that engagement is affected not just by 
the information content but also by the delivery method. They suggest the reason for 
the preference for paper feedback by some people is due to its tangible quality and 
ease of accessibility. 

The most common feedback tools used in recent empirical studies are the IHD, and 
the website dashboard or smartphone app which combines different views of energy 
monitoring data in a single display. 

Information Content 

The content of any (not just eco-) visualisation depends on the message it seeks to 
communicate to the user. Frankish (2009:43) describes it succinctly: 

"In terms of information, displays may be designed to: 
• provide quantitative information about a device or some aspect 

of the environment (temperature in degrees centigrade, electrical 
current in amps, etc.) 

• present qualitative assessments – normatively-based evaluations 
(cold, warm, hot), or comparisons that relate current values to 
preset targets (high, low)" 

http:types.It
http:www.diykyoto.com
http:www.eco-eye.com
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Suppers and Apperley (2014) contend that the display content should be varied 
according to the desired response from the user, citing a difference between a desire 

Variable content to motivate and infuence behaviour versus simply conveying information. In practice, 
such a distinction is subtle and of doubtful value: predicting what the user will take 
away from a visualisation is problematic. But their assertion that the content should be 
guided by the user’s behavioural type (see Section 2.11) has merit since the latter has a 
strong bearing on how the user engages with a visualisation: facilitating access to the 
particular information desired by each individual can remove barriers to engagement. 

To be considered effective a visualisation should present information which fa-
cilitates engagement, refection, learning, and user agency. Thus use-context has a 
bearing, both in terms of user engagement and the amount of control the user has over 
their energy consumption (Suppers, and Apperley, 2014). 

It must also be accepted and integrated into domestic activities which suggests 
it must possess certain aesthetic qualities, of both the physical device and its visual 
content (Fitzpatrick, and Smith, 2009; Bartram, 2015). 

A counter to this lies with socially-determined behaviour wherein the individual 
user may have limited personal control: in this case the provision of, for example, 
appliance-level informatics may be less useful than whole-house, or community-based 
normative, information. 

Dillahunt and Mankoff (2014) advocate changing the design of energy monitors to 
expand their scope from the individual to the wider social context within which the 
intervention is operating which may be the family or wider community group. The 
use of socially-based features — such as family- and community-comparison and 
competition — encouraged engagement and a gamifcation feature was well used. 
However the participants were in close-knit communities in similar style apartments 
and town-houses in low-income rental developments: for people who are less socially 
inclined the results may be mixed. 

Although most energy data representations fall within the gamut of numerical 
Pictogram elements values, bar charts, fuel gauges, speedometers, and line graphs, some researchers have 

used more visual displays designed to assist comprehension: Costanza, Ramchurn, 
and Jennings (2012) displayed consumption as rectangular boxes whose area was pro-
portional to the amount of energy consumed by an event or activity. The intention was 
to evoke a “materialisation” of energy consumption: to convert the abstract numerical 
values into a more graphical representation which was more easily understood by the 

13users.
Anderson and White (2009) found a combination of digital (quantitative) and 

Multiple analogue (qualitative) data was preferred by consumers in a study using focus groups. 
representations of By using graphics with which the users were already familiar (e.g. speedometer gauge) 

data the users were more able to quickly interpret the meaning of the display compared to 
raw numeric values — although they elected to retain the numeric value as well as 
the speedometer as the numbers were used to identify and compare the contribution 
of individual appliances/events to the total consumption. 

13 This display was well received by their participants but no frm conclusions can be drawn 
due to other reported issues with understanding the visualisation (Costanza, Ramchurn, and 
Jennings, 2012). 

http:information.In
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Maps have been used as an aid to helping people understand their consumption. 
By asking users to draw a map of each room in their house and annotating this with 
the location of their appliances the participants were better able to contextualise their 
energy use (Riche, Dodge, and Metoyer, 2010). This idea was used in a prototype by 
Monigatti, Apperley, and Rogers (2010) which showed energy consumption in each 
room overlaid onto a foorplan of the house. 

Examining existing studies shows that a variety of graphics are required depending 
on the individual’s knowledge, skill, and motivation; which requirements are also 
likely to change over time in semi-predictable ways. 

Ambient Visualisations 

Pierce, Odom, and Blevis (2008) distinguish between two general types of data 
visualisation. Pragmatic visualisations aim to provide factual data in a clear matter-of-
fact fashion: numerical data, graphs, and bar charts are typical. Artistic visualisations 
abstract the data to display it in a more subtle and easier to understand at-a-glance 
way: in addition the aesthetically pleasing presentation is intended to encourage user 
engagement with their energy consumption. (Figure 2.3.) 

The published literature in energy interventions usually calls the artistic group 
ambient or peripheral displays14: their intention is to sit in the periphery of a user’s 
feld of attention and provide an indication of the high-level state of a system. (e.g. 
Figures 2.4, and 2.5) The ambient visualisation ‘preprocesses’ the data to reduce 
the cognitive effort required and reduce misunderstanding. By lowering the ‘cost’ 
involved in acquiring the information on their energy consumption it aims to foster 
energy awareness and energy engagement (Fitzpatrick, and Smith, 2009). 

Using a clearly defned signal helps to avoid misunderstandings arising from the 
need to interpret numerical displays and graphs which are not always understood (van 
Dam, Bakker, and van Hal, 2010). 

But the amount of information which can be conveyed in an ambient visualisation 
is limited without it becoming overly complex. As Murugesan, Hoda, and Salcic 
(2015) note, when designing visualisations there is a need “to balance between 
aesthetic appeal and practical usefulness, to balance between accuracy and clarity, 
and to balance between comfort and cost effectiveness”. Some data granularity is 
still possible with ambient visualisations: from basic red/amber/green lights through 
number or size of displayed images (e.g. Figure 2.4(a)), to more complex pictograms 
such as virtual leaves falling off a tree to illustrate high consumption. 

Anderson and White (2009) contend the value of ambient signals is “probably 
underestimated” when presenting energy consumption data to householders. How-
ever, Fitzpatrick and Smith (2009) assert that ambient-only displays were deemed 
ambiguous and lack easily interpreted detail. In addition, the levels between changes 

14 Matthews et al. (2004) divide peripheral displays into ambient and notifcation displays. The 
latter are designed to attract attention at key changes of state, while the former rely on divided 
attention to display their message. Thus ambient displays can be seen as a sub-type of peripheral 
displays. In practice, the term ambient is generally used in preference to notifcation in the 
published literature. 
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and the relation to the actual energy consumption is not obvious (Heller, and Borchers, 
2011), with some ambient state changes determined by absolute consumption (e.g. if 
>3 kWh then display red) and other devices using a change in relative consumption 
(e.g. if real-time use is higher than average for previous 5 minutes then display red). 

Combination Visualisations 

Ideally, ambient information systems can provide more detail after gaining the user’s 
attention to some important or relevant event, but, in practice, many ambient systems 
are mono-functional and do not do this (Pousman, and Stasko, 2006) thus leaving the 
user to guess at the reason for the change in state. However, there are benefts to a 
combined display: over time, people’s interest switches from pragmatic information to 
ambient as they develop an understanding of their baseline consumption (pragmatic) 
and then seek to explore anomalies (ambient) (Paay et al., 2014). 

A signifcant issue with pragmatic visualisations is notifying the user to a change 
in state requiring their attention. Fitzpatrick and Smith (2009) found that 49% of 
participants wanted real-time updates, and 28% of participants wanted to know when 
something had changed: they concluded that real-time feedback helps raise awareness 
but the information display is not the focus of the consumer’s attention. A combination 
of pragmatic and ambient visualisation (Figure 2.4) could provide more fexibility to 
meet the user’s changing requirements. 

Few visualisations include both an ambient display and a display of numerical 
data: older British Gas IHDs incorporated a green/amber light to indicate when current 
usage differed from recent (see Figure 4.4(d)); however, this function is not present in 
their more recent IHDs (the reason for its removal is not known). 

(a) (b) 

Figure 2.4: Combined pragmatic and notifcation visualisation. PowerViz tablet dis-
play: (a) ambient screensaver showing total energy in the home: the 
number of lightbulbs displayed varies according to the real-time total 
energy use in the home, (b) temporal consumption in each room in the 
home. (Paay et al., 2014, fgs.1&2) 

See Appendix A for a detailed review of visualisations for energy feedback. 

2.10 R E S U LT S VA R I A B I L I T Y 

There is high variability in the reported energy savings feedback studies, both within 
the study itself and between studies. 
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For example, various meta-reviews found energy savings between 0–20% in 
different feedback studies (Foster, and Mazur-Stommen, 2012; Ehrhardt-Martinez, 
Donnelly, and Laitner, 2010; Darby, 2006; Fischer, 2008; Faruqui, Sergici, and Sharif, 
2010; McKerracher, and Torriti, 2013). Individual studies within these systematic 
reviews often show signifcant intra-study variability (e.g.: 2–12% savings reported 
by Henryson, Håkansson, and Pyrko, 2000; 0–26% savings reported by Wood, and 
Newborough, 2003). 

Studies (summarised by Oltra et al., 2013) have suggested various reasons why 
there is this variability, which can be grouped into two categories: the display and the 
user. 

Display (factors concerned with the data content and how they are displayed): 
• Frequency of information provision. 

• Location of the display device. 

• Type of data. 

• Presentation format. 

• Whether comparative data included. 

• Presence of non-useful information. 

• Presence of other information (e.g. energy-saving tips). 

Users (factors concerned with the variability and wide-range of the participants): 
• Values, beliefs and norms. 

• Background knowledge. 

• Comfort with technology. 

Country of study may also be added to the list: Fischer (2008) reports that UK 
consumers are interested in self-comparative information whereas Finland and Japan 
prefer normative comparisons. 

Responses to energy feedback interventions vary depending a range of demo-
graphic, social, and physical attributes of the participants and their homes: 

• Physical characteristics of the participants — e.g. age (Barnicoat, and Danson, 
2015), gender (Murtagh, Gatersleben, and Uzzell, 2014). 

• Social status —marital status (Hargreaves, Nye, and Burgess, 2013), number 
and age of children (Murtagh, Gatersleben, and Uzzell, 2014), household size 
(Pereira et al., 2013), occupancy pattern (Vassileva, and Campillo, 2014), 
family income (Trotta, 2018), home ownership (Barr, Gilg, and Ford, 2005). 

• Social practices — daily routines and habits (Shove, and Walker, 2014), cultural 
differences (Stephenson et al., 2010). 

• Physical characteristics of the home (Wyatt, 2013). 

• Appliance ownership and use (Jones, and Lomas, 2015). 
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2.11 P E O P L E A S C O N S U M E R S ( C R I T I Q U E ) 

With such a wide variety of potential differences in the way interventions are designed 
and used it is perhaps not surprising there is such wide variation in results, but how 
much responsibility for the variability can be attributed to the participants? 

A focus on producing energy reduction through behaviour change contains implicit 
assumptions about people’s reasons for engaging with energy informatics, and their 
capacity to effect energy savings. Do people really want to save energy, or simply 
use it ‘better’, i.e. more knowledgeably. Some studies have reported instances where 
participants have reduced their energy consumption and then purchased a new energy-
consuming device as a personal ‘reward’ (Buchanan, Russo, and Anderson, 2015). 
Provided their total consumption has not increased, these displacement activities are 
deemed acceptable to the consumer. 

Darby (2006) posits that prepayment meters encourage savings by making users 
Conservation vs. more aware of their expenditure. That may be true but if the user has no capacity 

Curtailment to make savings — e.g. if all their energy consumption is non-negotiable — then 
information on energy spending is not helpful, and may, in fact, be emotionally 
stressful to the user. Such a user may actively shun any energy informatics no matter 
how it is presented.15 

Even when consumers desire change, it may not be possible. Financial constraints 
may prevent improvements to their home or the capital purchase of new energy 
effcient appliances. And popular devices such as internet modems, streaming services, 
and personal video recorders necessitate an ‘always on’ connection over which the 
user has little control. 

Barnicoat and Danson (2015) investigated the attitudes of older people to energy 
consumption and found signifcant differences to younger generations, with older 
people more likely to change their routines and habits to reduce consumption. Possibly 
this was due to them having a routine which was more fexible and which had more 
opportunity for time-shifting of activities. 

People do not necessarily understand ‘where their energy goes’ but may be aware 
of how much they spend. Although most people would prefer to reduce expenditure if 
possible, they recognise that a reduction in energy usage may impact their lifestyle. It 
may be that householders fnd a level of expenditure with which they are comfortable 
and their only real concern then becomes one of preventing unplanned increases 

‘Managing’ in that expenditure. Thus people may be more interested in managing their energy 
consumption consumption than in reducing it. They know their normal level of usage and seek 

information only to explain anomalies.16 

How do people make sense of energy consumption data. Unless it is a point-of-
consumption device the representation of the consumption is likely to be separated 
from the event itself in both space and time — the user has to interpret the feedback 
data to ascertain what happened and when. 

15 Source: researcher’s personal discussion with a householder who was not taking part in this 
study. 

16 See discussion in Chapter 6. 

http:anomalies.16
http:presented.15
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A number of theories have been suggested to explain how they assimilate the 
information (theories of cognition) and how they might respond to the new knowledge 
(theories of behaviour) but there is little empirical evidence which specifcally 
investigates how people make sense of the new information — how do they interpret 
it; does everyone interpret it in the same way; if not then what are the differences. 

The ease of cognition — primarily how quickly, and how accurately, people can 
assimilate the external information — is affected by the user’s prior experience, 
knowledge and learning. This suggests the external representation may be changed to 
show more ‘advanced’ information as the user’s knowledge develops. And perhaps 
more importantly, that an understanding of the user’s ‘starting point’ in terms of 
understanding and knowledge is required. 

The external representation itself does not have to be literal; it can present the 
problem in a simpler or different way so long as the user can connect it back to the 
original problem. Ambient visualisations are highly abstracted but the user is still 
able to relate it back to the real-world situation (e.g. Figure 2.5). 

Figure 2.5: The Power-Award Cord ambient visualisation: the cord glows with 
different colours depending on power consumption (Gustafsson, and 
Gyllenswärd, 2005, Fig.1) 

But the degree of abstraction should be appropriate to the task and to the user’s 
existing understanding. People learn only what is necessary to fnd the information 
they require. The inference being: (i) they do not learn everything, and (ii) they do 
not learn what they can rely on being available in the external display. This is nicely 
summarised by Cheng, Lowe, and Scaife (2001) who state an important factor in 
whether a representation is understandable and of value, is what the user brings to the 
diagram, rather than what the diagram brings to the user. 

Understanding how consumers make sense of energy is key to the provision of 
effective informatics. There is no panacea, only a basket of different alternatives 
from which people can select according to their momentary requirements. At one 
time a consumer might be interested to know how much energy their new television 
consumes, or how much it costs per washing machine load. At other times they might 
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be interested not in either of these device- or activity-centred views, but think in terms 
of events — something which has happened — to explain some area of interest. 

This is not to say that the information people need is complex. It is apparent that 
consumers can make signifcant inferences even from simple information, such as 
a basic energy meter reading. Neither do they need to be told what actions to take 
(e.g. switch off lights when not in the room): provided they can see, or perceive, 
a beneft they will act appropriately (van Raaij, and Verhallen, 1983). Given clear 
interfaces so they can readily fnd pertinent information, people can use relatively 
complex inferencing to understand what is happening. Informatics does not need to 
be complex, but it does need to be relevant. 

So why is there an apparent lack of sustained consumer action (i.e. UK domestic 
consumption is still increasing): is there a disconnect between the way information 

Engagement gap is derived and presented to householders, and the information they actually want, 
leading to a so-called ‘engagement gap’. 

Understanding User Behaviour 

Why do some participants within a trial apparently respond differently, to the same 
information, than do others — is it due to comprehension, appropriation, or some 
other factor. To guide and shape future research in this feld requires an understanding 
of how people think about energy, and how they use the information — what are 
they appropriating, and, more importantly, why. To be of interest it must have some 
relevance to them. Do they have their own understanding of their energy consumption 
and, if so, does the new information simply reinforce that knowledge, or does it extend 
it by adding new understanding. A more complete understanding of how people are 
assimilating the information might lead to the design of alternative interfaces. 

Bartram (2015) suggested a theoretical framework which grounded three inter-
Pre-existing linked factors: knowledge; motivation; effort. Knowledge references not just the 

knowledge data content displayed and how the user interprets it, but also the user’s pre-existing 
knowledge and understanding. Consumers must also be suffciently motivated before 
they will change their behaviour (Strengers, 2011a). Motivation could be either 
external through devices such as rewards and penalties, or internal through self-
satisfaction (e.g. achieving personal goals, or feeling they have benefted society). But 
it is also important to consider the ‘cost’ of obtaining the information: understanding 
their energy consumption is rarely a key task in people’s daily lives, and if it takes too 
much time or effort to obtain the information then users may lose interest. In short: 
information must be readily accessible and easy to assimilate. Changing the costs and 
benefts of alternative pro-environmental behaviours can reduce people’s resistance 
and increase motivation (Steg, and Vlek, 2009). 

Behavioural types Domestic energy consumers have been classifed into three behavioural types 
(Suppers, and Apperley, 2014). The indifferent group of users are not interested or 
simply do not care about their energy consumption, and feedback information is 
unlikely to be of use to this group. The second group, here labelled headliners, are 
best motivated by visualisations which require only minimal thought and are simple 
to use. The remaining group, here labelled refective, are prepared to invest time to 
understand their individual consumption, and will change their behaviour if they can 

http:otherfactor.To
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perceive a beneft in so doing. Such beneft may be either personal (e.g. cost reduction) 
or social (e.g. environmental impact). The information needs might be expected to 
differ between these three groups; in what ways, and with what implications for 
informatics design, is unclear. 

Although the refective group are the best target for affecting energy total consump-
tion, it is equally important to understand the motivations of the indifferent group. Is 
their lack of interest due to poor informatics, or some other reason, over which some 
infuence may be exerted. 

Rational Decision Making 

Understandings of how people respond to energy interventions has been published 
extensively in the feld of domestic energy consumption. Theories of behaviour have 
been proposed, or applied, to attempt to explain why energy consumers behave the 
way they do. 

The nature of the behaviours can be used to group them, as an aid to investigation. 
‘Routine’ behaviour is repetitive and is habit forming, while ‘deliberative’ behaviour Routine vs. 

covers actions taken in response to circumstances requiring a conscious and reasoned Deliberative 

response. Social Practice Theory attempts to explain human behaviour in terms of behaviour 

people’s social practices — practices of which they are largely unaware — and 
hence is suited for investigation of routine behaviour. In comparison, the Behavioural 
Economics paradigm focuses on an individual’s decision-making process and is 
suitable for investigation of deliberative behaviour (Good, 2019). 

Domestic energy interventions talk of ‘affecting behaviour’ while actually target-
ting a deliberative response to the intervention, on the assumption that deliberative 
behaviour can be routinised through habit. But achieving the desired deliberate 
response can be problematic, and open to unexpected outcomes. 

Traditional economic models suggest people will make decisions that give the best 
value and the optimum outcome based on their personal constraints — effectively 
maximising the return on investment (which may be fnancial, effort, or other personal 
‘cost’). 

By providing people with more information, or more choices, an intervention 
should help to ensure the ‘best’ outcome (Frederiks, Stenner, and Hobman, 2015a). 

But this straightforward view is not always applied in practice: research from 
behavioural economics has shown that people do not always behave in this rational 
way. Rather than seeking to maximise the reward they are content to achieve an 
outcome which they deem ‘satisfactory’, using simple heuristics (rules-of-thumb) and 
mental shortcuts to arrive at a decision (Steg, and Vlek, 2009). 

Frederiks, Stenner, and Hobman (2015b) highlight a number of behaviours which 
infuence people’s decision-making: Non-rationality 

• Status quo bias. People seek to either maintain the existing situation, or avoid 
making a decision altogether, even if the alternatives offer a better reward (e.g. 
not changing energy tariff because they are “all basically the same”). They 
‘anchor’ on the status quo and seek information to justify the existing position. 

http:behaviour.In
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• Satisfcing. To avoid having to spend time, effort, and resources, people seek to 
reach a ‘good enough’ outcome rather than the optimum outcome (e.g. buying 
any energy-effcient appliance with an A energy rating (EU Energy Label) 
rather than comparing them all individually).17 Similar decision heuristics 
include the recognition heuristic — people select what they recognise (e.g. do 
what they did last time) — and the elimination heuristic — people narrow down 
the possible choices based on some self-determined measure or attribute (e.g. 
rule out the most expensive option). Using the availability heuristic people bias 
their decision in favour of information that is recently available, oft-repeated, 
or memorable, even when such information is atypical or lacks relevance. 

• Loss and risk aversion. People value the loss of an existing something more 
highly than the beneft of a new something (e.g. regretting the replacement 
of old heat storage radiators with a central heating system). Additionally the 
size of the gain, or potential loss, affects the degree of risk (of not realising the 
gain) people are prepared to take. 

• Sunk-cost effects. The tendency to persist with a decision once time and effort 
(and money) has been invested in it, despite there being no material return on 
additional investment (e.g. having previously purchased compact fuorescent 
light bulbs people are averse to throwing them away and replacing them with 
lower energy Light-Emitting Diode (LED) lamps). 

• Temporal discounting. Exhibiting a preference for short-term gains in prefer-
ence to larger long-term rewards (e.g. turning the heating thermostat down by 
one degree in preference to insulating the roof space). 

Clearly, these behaviours are irrational to some extent, yet they are widespread in the 
response to energy interventions. They contribute to the ‘energy effciency gap’ which 
exists between the potential energy conservation and actual behaviour (Wilson, and 
Dowlatabadi, 2007). 

Rather than behaving according to the rational actor paradigm and seeking to 
maximise utility (i.e. the outcome affording optimum personal beneft), people’s 
responses are subject to diverse external and internal moderations. And it is not just 
optimum outcomes which are affected by non-rational behaviour: people often act 
in ways counter to to their knowledge, values, attitudes, and intentions (Frederiks, 
Stenner, and Hobman, 2015a). 

So what does this mean for energy interventions. Since it is based on individual 
preferences and unknown heuristics, people’s decision making cannot be assumed to 
be deliberative, or optimal. But, careful consideration of these fndings from behavi-
oural economics can assist with intervention design: such as avoiding loss aversion by 
framing a behaviour as energy effciency rather than curtailment. Interventions which 
focus on the decision process rather than the decision outcome might help people 
make better decisions (Wilson, and Dowlatabadi, 2007). 

17 Note sometimes people do not realise they are satisfcing but believe they are choosing the 
optimum, such as, for example, the popular myth that all domestic appliances with the same 
energy label rating are equal (e.g. all ‘A++’ rated appliances have equal energy consumption). 

http:individually).17
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Family Decision-Making 

Research frequently addresses an individual occupant but there is a body of evidence 
which shows the composition of the household has an effect on the interaction with 
feedback interventions. Domestic energy studies typically involve interaction with 
one person from the household who is either the acknowledged or de facto decision 
maker even though it typically requires a co-ordinated response for an eco-feedback 
intervention to be effective at promoting long-term behavioural change (Wilson, and 
Dowlatabadi, 2007; Pereira et al., 2013). 

Barreto et al. (2014) contend it is necessary to go beyond the scope of the individual 
and consider the role of the family in the determination of intervention outcomes. Impact of ‘family’ 

The interplay between family members with differing priorities and needs strongly 
infuences the resulting pro-environmental behaviour. This is particularly pronounced 
in the case of families with children, with parents assuming responsibility for instilling 
the importance of energy awareness, and for teaching the management and value of 
energy as a resource, as well as acting as a role model to their children (ibid.). 

Social and familial contexts may exhibit strong constraints on the possible re-
sponses suggested by a feedback intervention: with the response being the result of a 
negotiation between the various family members, each of whom may have differing 
drivers, priorities, and goals in their consumption of energy (Barreto et al., 2014; 
Strengers, 2011b). Thus, even if the lead participant is in favour of a determined 
behaviour change, such change may not be successful, or indeed fail entirely, if the 
whole family are not signed up to the change. 

Conficting interests between family members can be resolved by interventions 
which afford multiple, and diverse, views of consumption data, and which facilitate 
information exchange between family members (Dillahunt, Mankoff, and Paulos, 
2010). However, communicating consumption information to all family members can 
be diffcult and household energy usage, such as bills, is typically not shared with 
other people in the household (Neustaedter, Bartram, and Mah, 2013). 

Treating the family as a ‘community’ leads into discussion of individualist and 
collectivist consumption (Bertoldo, Poumadère, and Rodrigues, 2015). Social ac-
countability (to the family’s total energy bill) encourages collective responsibility 
and may encourage conservation behaviour even in the absence of regular dialogue 
between family members. But social pressures from outside the family can constrain 
individual action (despite people having ‘best intentions’), and the extent to which 
family consensus should override individualistic consumption (i.e. individual choice) 
is unclear. 

But, generating a familial active interest in energy can be troublesome: energy 
is unlikely to be the focus of the family’s attention, and family routines moderate 
interaction with energy conservation. Engagement reduces after a while since the use 
of devices, and energy consuming routines, are regular and subject to little fuctuation 
(Pereira et al., 2013). 
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Supporting User Behaviour 

The overriding ethos in energy feedback research is the application of persuasive 
computing, where information systems are designed to elicit a change in people’s 
behaviour. However this approach does not seem to provide consistent or habituated 
results (i.e. the results are highly variable). Moreover the notion of change being the 
result of coercion may be ethically questionable (Rogers, 2012:9). 

There is an apparent assumption made in energy feedback studies that people will 
intuitively know what to do with the information presented. And, furthermore, that 
this information is all that is preventing people from making new energy changing 
behaviours. These assumptions are largely untested. 

To motivate the individual, information must be understandable, relevant and 
timely. Vitally important is the need to understand and solve the user’s problem rather 
than simply providing data. 

Domestic consumers may not think about energy per se but think in terms of 
Contextualising activities, which happen to use energy. To make sense of energy feedback, users 

energy must interpret the information in terms of their own lifestyle. In the absence of 
disaggregated energy informatics each user must consider what they were doing at 
that point in time — i.e. the context — and make a judgement about the cause of the 
consumption. In other words they must make sense of the data. 

Users’ interest and response to energy informatics depends not only on their attitude 
towards domestic energy but also on their existing knowledge and understanding. The 
method and content of the information visualisation should vary as a result. 

An alternative approach to acquiring user engagement is to consider people’s 
attitudes towards technology rather than energy. The recent trend in availability 
of commercial domestic energy devices (e.g. Hive Active Heating; Nest Learning 
Thermostat) might indicate that energy visualisation technology follows a product 
adoption lifecycle more typical of technology gadgets. Innovators and early adopters 
will be interested to learn what a system has to offer and how it might be of beneft. 
Laggards are to some extent equivalent to the indifferent behavioural type: they are 
disinterested in the system and will only adopt it if forced. 

However, piquing users’ interest is only the frst stage in providing informatics 
Changing which will support users’ energy consumption behaviour. To avoid subsequent 

requirements disengagement the information system must be capable of informing users’ beyond 
their initial learning period, lest the device is turned off and relegated to a cupboard 
(Snow et al., 2013). User’s information needs change through time and an energy 
information system must be adaptive to support such change. Perhaps a lack of 
sustained interest contributes to the rebound in energy reductions seen in some 
longitudinal studies. 

People develop experiential ideas about where they consume energy. These ideas 
are not necessarily ‘wrong’, they are what the person believes. By understanding how 
people developed those perceptions, informatics might better support the user so they 
might gain new insight. 

http:energy.To
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HCI feedback studies occasionally report on the users’ ability to navigate and use 
the device, but, except in the case of user co-design research, that is typically a 
secondary consideration. Thus what information the user took from the device, and 
how they interpreted and used it, is often only surmised. An empirical understanding 
of people’s real practices might benefcially inform future interface designs. 

2.12 P E O P L E A S S E N S E - M A K E R S ( T H E S I S ) 

In the absence of an intervention, do people already have self-developed curtailment 
and energy conservation practices and, if so, what are those practices and what does 
that imply for the design of energy informatics. If they are seeking to reduce their 
energy consumption then what information resources do they use to make that happen, 
and how can informatics support their behaviour — how and why do people seek 
information and resources, and what do they do with them. 

The third-wave paradigm in HCI posits that intervention studies should consider 
the “individual experience” (Bødker, 2015) and incorporate user experience and 3rd paradigm HCI 

meaning into technologies and interactions. It moves away from the earlier waves’ 
focus on rigid design and systematic testing (frst-wave) and studies of technology 
effciency (second-wave). Third-wave HCI explores technology in situ to uncover the 
ways people actually use interfaces and how they make meaning from them. Building 
upon second-wave’s use of situated action it considers that context is important to 
understand how people engage with informatics. Undertaking studies ‘in-the-wild’ 
offers potential for a detailed exploration of existing practices, and can uncover 
unanticipated use (Brown, Reeves, and Sherwood, 2011). 

Domestic energy consumers have an active role to play in making sense of their 
energy consumption, and their use of a feedback intervention. What they do with the 
feedback and how they incorporate it into their behaviours and practices depends on 
their objectives for engaging with the intervention. By extension, their engagement 
depends on the feedback’s value and utility to them. 

If householders are acting upon their personal experience and existing practices Individual 

then it is unlikely that everyone will behave in the same way: people will likely differences 

appropriate the energy information in different ways depending on their existing 
knowledge, understanding, and interest. 

What are the differences between people, and what do those differences mean for Research questions 

the design of interventions. If differences do exist between people then could this be a 
reason for some of the ambiguity seen in energy feedback intervention studies? 

This research claims that domestic energy consumers already make sense of the Claim 

information they have in their environment. They are not tabulae rasae but are already 
aware of their use of energy from their existing experience and tacit knowledge, and 
using whatever resources they have available. They actively interpret the resources 
around them to develop an understanding of their energy ‘world’. But how they do 
this is not clear. 

Energy practices cannot be assumed — empirical investigation is needed to uncover 
them. 

http:andinteractions.It
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S U M M A RY O F C H A P T E R 2 : BAC K G RO U N D 

Although the behaviour-change paradigm produces useful energy reductions in 
domestic energy intervention studies, there is diffculty with generalising the research 
results. Study groups exhibit wide variation in the energy reductions made during 
the study, and consumption often rebounds after the intervention is removed. This 
suggests a need for further investigation into the interplay between the underlying 
research assumptions and the actual practices of the people. How users engage with 
these research systems is poorly understood (Froehlich, Findlater, and Landay, 2010): 
what information do consumers actually want, and when. 

Heterogeneity Existing orthodoxy makes assumptions about people and their engagement with 
energy, and feld studies have a particular focus which can make it diffcult to draw 
conclusions beyond the headlines. It is not clear, from the state of the art, that all 
consumers are the same in terms of their energy information requirements, and this 
heterogeneity could be one reason why some feedback representations work for some 
people but not for others. 

There is little empirical research which investigates how consumers make practical 
sense of their energy consumption. 

Sense-making agents This thesis seeks to motivate the argument that people are already active, sense-
making, agents. They use whatever resources they have available to build an under-
standing of their energy consumption. They are not blank slates but already have self-
developed knowledge about their energy, even in the absence of feedback informatics, 
and this affects how they engage with and make sense of energy information. 
Thus energy informatics should be designed to encourage the development of their 
understanding rather than being a direct call to action. 

Claim Information on domestic energy consumption must be specifc to the needs of the 
individual users. There should be a closer focus on end users in terms of how they live, 
how they understand energy, and in what ways they manage it, as a way of leveraging 
new ideas about interventions. 

The following chapter discusses how this claim might be investigated. 



3 
M E T H O D O L O G Y A N D R E S E A R C H D E S I G N 

“ People live through their practices and tacit knowledge so that the 
most powerful things are those that are effectively invisible in use. ” 

Weiser (1994) 

P R E F AC E T O C H A P T E R 3 

The aim of this thesis is to establish and motivate the argument that there are signifcant 
similarities between domestic energy consumers, but, more importantly, signifcant 
differences in terms of their engagement with energy informatics. The claim is that 
people are already able to make sense of their energy consumption, and behave in 
ways which make sense to them in terms of their lifestyle and infuences. 

The previous chapter reviewed the literature in two key areas: feedback informatics, 
and intervention design. This chapter builds on that knowledge by developing a 
method for exploring the links between people and informatics. Instead of feedback 
being employed solely as a mechanism for change, this research is about understanding 
what sense people make of this feedback and how relevant it is to them. 

Alternative research methods are discussed before the chosen method is described 
in detail. 

The method selected was a case-study of two groups of domestic energy consumers, 
who were invited to take part in an ethnographically-informed study. A combination 
of semi-structured meetings (interviews), personal refection through personal diaries, 
and forensic analysis of user interaction with an energy information system, was 
undertaken with the participants. Existing behaviours were observed, and use of any 
existing devices or technologies was recorded and explored with the participants. 

An informatics system was developed1 which displayed near real-time energy 
consumption information to the participants. Several novel features were incorporated 
within the visualisation to explore their value and utility to the participants. Iterative 
changes were made to the representations in response to user comments made during 
the feld studies. However the system is not the locus of this research — it is used 
only as a tool, a provocation, to elicit user interaction and discussion, with a view to 
better understanding energy behaviour. 

The research question was explored in two phases, in a longitudinal study over a 
period of eighteen months: 

• Phase 1 used empirical study to uncover existing energy practices and under-
standings, and identify the dimensions of individual differences between the 
participants. 

Similarities and 
Differences 

Case Study 

Research tool 

1 See Chapter 4. 
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• Phase 2 used the informatics system to examine how those differences affected 
people’s response to a uniform intervention. 

3.1 R E S E A R C H O B J E C T I V E S 

This research is about understanding processes whereby people engage with energy 
informatics, in order to support the design of effective informatics. 

Research question It seeks to answer the question: how might the variability in energy savings in 
domestic energy intervention studies be explained: does it result from the nature of 
the participants? 

Its aim is to justify the claim that people already make sense of their energy 
Research aim using their existing tacit understanding and whatever resources they have in their 

environment. Furthermore different people do it in different ways. How they then 
choose to act depends on their lifestyles, beliefs, values, and priorities. It then aims to 
uncover the dimensions of those differences — in what ways do people differ — and 
what does that mean for intervention design. 

Objectives: 

(i) Evidence the claim that people already make sense of their energy. 

(ii) People make sense in different and individuated ways. 

(iii) Uncover the dimensions of those differences. 

(iv) Establish that the sense they make affects their engagement and response to 
the informatics. 

If the hypothesis that people are already active, sense-making agents is true then how 
might such a claim be proven. How do people exhibit agency? Given the claim that 
people are already highly expert at managing their energy consumption, then how do 
they go about it — what conservation behaviours and practices have they adopted. 

This empirical study explores people’s existing understanding, what information 
Empirical study and resources they use and how they use them. It examines how personal circum-

stances affects the processes people are able to adopt: for example do people manage 
the situation differently when the only possible action remaining is energy curtailment. 

Once an understanding of people’s processes and information needs has been 
developed this research goes on to examine whether informatics can help them 
occasion new insight into their own consumption or behaviour. If so, what information 
and resources are required. 

3.2 R E S E A R C H H Y P OT H E S I S 

This thesis makes the claim that domestic energy consumers are active sense-makers 
Active sense-makers and have a tacit understanding of their energy consumption, even in the absence of 

specifc feedback. They use a variety of resources in their environment to develop this 
understanding. Those resources may be ones which have been provided to them (e.g. 
energy bill, supply meter) or ones which they have developed themselves. Identifying 
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what resources they use — and why — is relevant to the future development of energy 
informatics. 

The sense they make, and what they choose to do with that knowledge, is driven 
by their lifestyle, beliefs, attitudes, and goals. Thus it is a very personal thing and 
differences between people should be expected. But what is the extent of those 
differences, and what do they mean for the provision of energy feedback? 

The existence and nature of those differences is proposed as a possible explanation 
for the heterogeneity seen in energy savings reported in domestic energy feedback 
interventions. 

This hypothesis was to be explored in two phases. Firstly, the proposed existence of Iterated study 

individual differences would be investigated. Secondly, an examination of how those 
individual differences affected people’s response to a uniform intervention which was 
created specifcally for this work. 

3.3 M E T H O D – A LT E R NAT I V E S 

To explore how consumers ‘interact’ with energy indicated a need for an investigation 
with a number of consumers. 

The usual methods to collect such qualitative data are data collection methods 
such as user surveys (e.g. questionnaires), interviews, focus groups, and observational 
methods such as ethnography, phenomenology, and case study. 

Whilst a questionnaire could be designed to collect data on themes relevant to this Rejected methods 

thesis, it would be diffcult to account for all possible variations in responses. This 
research seeks to investigate nuance in people’s actions and behaviours, and designing 
a questionnaire which would provide suffcient detail on all possible responses would 
be diffcult: the sense which people make of their energy use is one of the things this 
research aims to identify and, while a few things could be guessed at, all possible 
responses cannot be known a priori. 

Focus groups were considered as a potential method, but were ruled out partly due 
to the expected diffculty of uncovering each individual’s beliefs and understandings 
in a group situation (i.e. where group dynamics might have a signifcant effect on 
user participation in the discussion). In addition, focus groups are often used to fnd 
consensus rather than uncover individuality. 

One-to-one interviews afforded the opportunity to explore individual understanding Semi-structured 

and activity in depth: identifying what is relevant to each participant, and why. In interviews and 

particular, in-the-feld interviews — in people’s homes — often provides nuances observation 

which may be observed and which are not elicited from other forms of investigation. 
In-home study allowed the collection of observational data, and afforded the 

opportunity for in-depth inquiry on matters highlighted, by the participants, as being 
important to them. 

The chosen method uses mixed methods and is best characterised as a case study 
using ethnographically-informed observation. 
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3.4 M E T H O D – OV E RV I E W 

The goal of the data gathering exercise was to collect information on: what are people’s 
existing energy-related practices and behaviours, what resources and objects they 
use, and how they make meaning from those resources. Observations of people and 
exploring any self-made inventions (e.g. paper records, Excel spreadsheets) provided 
data additional to their responses to questions. This use of direct observation gave 
context to people’s activities, to explore how people interact with technology and the 
information in their environment. 

Sources of data Data was collected from multiple channels: 
• Interviews with participants, 

• Observation of existing practices, 

• Participant-completed refective diaries, 

• Automated logging of interaction with a technology probe. 

The style of user interview was considered important: structured and group inter-
views would suffer from the same problems outlined in the previous section, while 
open-ended interviews might lack the consistency required. A frame-work of semi-
structured meetings was therefore chosen, but with the fexibility of allowing the 
participant to take the discussion into areas which were important to them, even if that 
area was unexpected. Since observational data was also being collected, the meetings 
with participants would be, in effect, more of a ‘discussion’ than an ‘interview’. These 
meetings followed a pre-determined structure, with topics to be discussed, but were 
varied in response to the participant’s responses — such as when an activity was 
uncovered which was then probed for more detail. 

Appropriation of Feedback on energy consumption offers a promising approach to supporting 
resources consumers by providing them with an additional resource. Interesting questions 

then arise: does such a resource fulfl a need, and what information do they use and 
how. To explore these questions, and gain further insight into people’s understanding 
of energy, an energy monitoring system was developed which provided participants 
with a view of their electricity and gas consumption. Unlike a technology prototype, 
this system was used as a technology probe to collect information about the users 
and their use of the technology in the real world (Hutchinson et al., 2003). More 
particularly it was used to look into individual responses to the informatics to see 
what that said about individual differences, and about participant’s tacit knowledge 
and ability to discern meaning from their monitored consumption. 

Energy Diary Associated with the energy feedback, participants were asked to maintain an Energy 
Diary: recording items of interest to them for later refection and discussion. 

One of the challenges faced by existing intervention studies is the short duration 
of the study (see for example Oltra et al., 2013). For that reason it was proposed to 

Longitudinal study undertake a longitudinal study over a period of 6 months.2 This would allow suffcient 
time for the participants to interact with the research ‘in their own time’, and for any 
long-term behavioural changes or practices to be identifed. 

2 Subsequently extended to 12 months for Group 2 by agreement with all the participants. 
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A longer timeframe also allowed two technology probes to be employed. In the frst 
phase of the research (the uncovering of individual differences) a commercial energy 
display monitor (Current Cost monitor) was employed to establish participants’ 
understanding of their electricity consumption, and explore how they used the 
information presented. In the second phase (their response to a uniform intervention) 
the bespoke energy display system was used to corroborate fndings from the earlier 
phase. 

3.5 PA RT I C I PA N T S E L E C T I O N 

One of the tenets of this research is that people do not all respond and behave in the 
same way to domestic energy feedback. Variability is seen both between participant 
groups and also within individual groups. A case study of two groups of consumers 
from different socio-demographic backgrounds would explore any differences in user 
attitudes to energy and energy informatics. 

The ethos of this research was to show that differences exist between consumers 
— which may explain the heterogeneity in intervention results. To ground this claim Two groups of 

it was decided to investigate two groups, with different characteristics, which would participants 

be suffciently dissimilar to show wider occurrence of the hypothesis than a single 
niche grouping. 

Within each group the participants would be broadly similar — it might be expected 
that people with similar backgrounds would respond to feedback in the same way: a 
theory which this research set out to disprove (in effect the null hypothesis). 

The subject groups needed to be representative of a broader population. To this end Social housing and 

two cohorts were eventually chosen: (i) tenants in social housing, (ii) owner/occupiers. owner occupiers 

Low-income groups are rarely identifed in research studies, but this demographic 
often has low consumption to begin with and a clearer idea of their personal energy 
consumption than other groups (Vassileva, Dahlquist, et al., 2013). 

To investigate the idea that user agency has an impact on energy informatics 
requires that participants have control over their engagement and response to energy, 
which typically means they are responsible for paying the bill and have control over 
the household’s usage of energy. 

These two cohorts satisfy that requirement, while also being: (i) socio-demographically 
dissimilar, and (ii) representative of a larger population. 

Eighteen consumers were selected for study. In the event, three people withdrew 
from the study leaving six users in group 1 and nine users in group 2. 

Group 1 - Social Housing Tenants 

Once the decision had been made to use two groups of participants for the case study, 
consideration was given to the nature and make-up of each group. It was desired that 
each group was composed of similar consumers. 

A previous project undertaken by Cogent Labs at Coventry University, included an 
interview-based study of tenants living in social housing. That project investigated 
the effects of applying large-scale energy effciency measures to the buildings. Two 

http:population.To
http:results.To
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semi-detached houses and a separate block of six fats were ftted with an energy 
monitoring system. Occupants were interviewed pre- and post-build, during the period 
2014-2016, to identify and understand their energy consumption practices, and their 
responses to the building works. 

This group of people satisfed the criteria for the current investigation, and the 
opportunity arose to use them as one of the cohorts in this research. 

Fortuitously, this group of people were already working with the university, and 
energy monitoring had already been in place for two years thus providing a useful 
data base for the generation of historic feedback and usage projections. 

This group are under-represented in the literature on energy feedback interventions 
— only one study (Hargreaves, Nye, and Burgess, 2010) was found which specifc-
ally investigated this demographic — although their conservation and curtailment 
behaviours have been more extensively studied. An investigation into whether or not, 
and in what ways, their sense-making processes differ from other socio-demographic 
groups would be informative. 

Group 2 - Owner-Occupiers 

For the second group of people it was decided to recruit volunteers from the univer-
sity’s staff. A call for volunteers was placed on the university’s ‘Message of the Day’ 
app where it might be seen by a large number of staff. 

Ten people responded to the advertisement from various faculties and departments 
(i.e. not just academic staff) and were given a Participant Information Sheet.3 In the 
event nine people agreed to take part in the research, and these people formed study 
group 2. 

To understand the demography of this group they were asked to complete a brief 
questionnaire (see Appendix C.1).4 At the frst meeting they were given a run through 
of the project and their involvement in it, and both side’s commitment / expectations. 
They were then asked to complete and sign an Informed Consent form (see Appendix 
C.2). 

3.6 R E S E A R C H T O O L S 

To explore the claim that people are already active, sense-making, agents using 
resources they have available, all participants were provided with access to an 

Energy Dashboard interactive website which displayed their electricity and gas consumption in near-
real-time. The objective was to provide a consistent tool to see how different people 
reacted to it and used it. Subsequent discussions would then explore how different 
people responded to, and interacted with, the same representation of data: did it have 
value to them, and, if not, why not. 

Consideration was given to what attributes such a tool should possess. If people 
engaged with energy informatics in the way claimed then it might be expected 
their information ‘requirements’ would change as their knowledge and priorities 

3 See Appendix C.2. 
4 Completed responses to the questionnaire are available in Appendix D.1. 
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changed. To cater for the assumed differing and changing needs suggested informatics 
with multi-layered information presentations and with summary/detailed/alternative 
information available on demand. Interactive features would promote engagement 
and refection. 

Informed by the review of feedback intervention studies undertaken in Chapter 2, 
an energy dashboard was designed and built specifcally for this research (see Figure 
3.1b). This is covered in detail in Chapter 4. 

Additionally, a commercial In-Home Display was provided to each participant. Current Cost IHD 

This displayed present and recent electricity use data (see Figure 3.1a). 

3.7 I M P L E M E N TAT I O N 

Semi-Structured Interviews 

A series of three semi-structured interviews was planned with each participant. 
Interviews were themed around: Interview topics 

• Attitude to, and use of, energy. 

• Existing information resources. 

• Tacit knowledge. 

• Energy behaviours. 

• Use of Current Cost display. 

• Use of Energy Dashboard. 

Energy Diary 

Participants in Group 2 were asked to complete an ‘Energy Diary’ recording things of 
interest to them. This might be observations, questions, comments or anything else Refective diary 

they wished to record. The intention was to provide a facility whereby they could 
make comments outside of a scheduled meeting, to encourage refection. During the 
subsequent interview their comments were reviewed and discussed. 

For Group 1 the tasks were different depending on the availability of access to the 
website. Those with internet access were asked to use the website dashboard to record 
observations and comments on their energy consumption — the intention was to 
encourage them to refect on their consumption and then use the system to record their 
notes. Those without internet access were asked to refect on the information displayed 
on the Current Cost/Utilita5 display and consider its validity. (A full description of 
these tasks is attached at Appendix E.3.) A comparison could then be made between 
people using the ordinary meters against the people using the website within the same 
block of fats. 

5 One participant in this study had an energy monitor provided by Utilita Energy. 

http:changed.To
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Energy Consumption Displays 

Information Participants in this study were initially given a Current Cost monitor for display of 
interfaces electricity consumption (see Figure 3.1a). Subsequently the data from this Current 

Cost device was integrated into the user-accessible website with a different visual-
isation of the data (Figure 3.1b). The addition of gas consumption data — where 
available6 — enhanced the information provided. (See Chapter 4.) 

These two devices were used as prompts for discussion with the participants to 
evoke insight into their energy consumption knowledge and practices. 

In addition, the participants were asked to refect on the two objects (Current Cost 
and website) and consider their utility and value. 

(a) (b) 

Figure 3.1: Energy feedback displays: (a) Current Cost display unit showing real-time 
electricity consumption, (b) Bespoke website showing weekly electricity 
consumption. 

3.8 R E S E A R C H P H A S E S 

The research question was explored in two phases, in a longitudinal study: 
• Phase 1 used interviews, observations, and daily diaries to uncover differences 

in existing energy practices and understandings. 

• Phase 2 used the energy website to examine how those differences affected 
people’s response to a uniform intervention. 

The duration of the phases varied for the two groups,7 with Group 2 having a longer 
involvement period (18 months) compared to Group 1 (10 months). 

6 It was not possible to interface with Smart Meters for gas consumption data. 
7 External factors required the removal of the equipment from Group 1 properties by a certain 

date. 
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The frst two rounds of interviews were used to investigate phase 1; the third 
interview investigated phase 2. (The content of the interviews is described in Sections 
5.2 and 5.3). 

S U M M A RY O F C H A P T E R 3 : M E T H O D O L O G Y A N D R E S E A R C H D E S I G N 

This thesis is motivated by the claim that the heterogeneous results in feedback 
interventions are because people respond in different ways. However, that seems 
under-reported in the existing literature so this research set out to investigate the claim 
by seeking empirical evidence. 

The method chosen was selected so as to develop a narrative to reveal similarities 
and differences between individual people and between groups. 

Two cohorts of householders were identifed — (i) tenants in social housing, (ii) 
owner-occupiers — as being representative consumers of domestic energy who were 
in a position to exhibit agency (control) over their consumption. 

An empirical case-study of these two groups used ethnographically-informed 
semi-structured meetings in their homes to: 

• Establish what they understood about their energy consumption. 

• Investigate their attitudes and behaviours towards their energy consumption. 

• Observe how people engaged with energy consuming activities / appliances. 

• Identify what resources they had available or used. 

• Seek explanation as to how they made meaning from those resources and 
objects. 

A feature-rich energy feedback tool was developed (as a website dashboard) as a 
provocation to encourage refection and, maybe, develop understanding. 

By providing a range of resources the participants were able to compare the relative 
merits of each. 

The next chapter discusses the design and deployment of the energy informatics 
used in the case-study. It describes in detail the rationale, purpose, development and 
use of the informatics. 

Subsequently, the deployment of the system is described in Chapter 5. 
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S Y S T E M D E S I G N A N D D E P L O Y M E N T 

“ By appropriated we mean how the participants use, integrate, and 
adapt the technology to suit their needs, desires, and ways of living.” 

Preece, Rogers and Sharp (2015) 

P R E F AC E T O C H A P T E R 4 

The previous chapter discussed the method used in this research. An important element 
of that method was the provision of an energy monitoring system to the participants 
taking part in the user study. Informatics comprised a commercial energy monitor 
(Current Cost energy monitor), and a custom-built information display which was 
presented to the participants in the form of an online website dashboard. 

The informatics comprised two elements: 

(i) A commercial electricity use monitor (Current Cost in-home display). 

(ii) A custom-built website displaying electricity and gas use (energy monitoring 
system). 

This chapter describes the development and deployment of that energy monitoring 
system. Reasons for selecting the infrastructure chosen are discussed. The background 
to the design of the information visualisations is explained, and justifed. 

To investigate how energy informatics might better support user understanding 
of their energy use, and enhance user agency, four key features are built into the 
design: timely feedback; self-comparison; goal setting; annotations. These features 
are described along with their relevance to this study. The purpose of each feature, 
and its theorised beneft to the consumer, is followed by an examination of how the 
system implements the feature. 

Following discussion with the participants several iterations of changes were made 
to the information content at their suggestion, and those changes are described.1 

The custom-built information display was an important research tool in the case-
study. It was used by the participants in their own time, and also as a focus for 
discussion between the researcher and the participant during face-to-face meetings in 
the participants’ homes. However, its use was purely as a research tool to investigate 
sense-making and participants’ existing knowledge (it is not promoted as a research 
contribution). 

Supporting 
understanding and 
refection 

1 The discussions with the participants are documented in subsequent chapters but the iterative 
design changes are included here for clarity. 
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4.1 P U R P O S E O F S Y S T E M 

Chapter 1 highlighted the variability in the reported energy savings from domestic 
energy feedback interventions. Existing studies used a variety of different methods of 
visualisation and information content, but there was no clear ‘winner’ in terms of user 
engagement and response. (See Chapter 2 for a detailed review of existing feedback 
intervention research.) 

The current research sought to investigate and identify potential reasons for this lack 
of clarity using a hypothesis that people are not seeking any one piece of information 
from feedback informatics. Is the variability down to different responses from different 
people, for some of whom the feedback supports their information needs while for 
others it is of no interest. 

Existing energy representations often have a specifc, and limited, content. To 
explore how energy information was appropriated by users a more ‘general’ feedback 
visualisation was proposed, which would be used as a technology probe in discussions 
with case study participants. By amalgamating ‘popular’ features from existing 
studies an information system was envisaged which allowed fexibility in terms 
of participants’ appropriation. 

Testing individuated If people have individual differences and the nature of those differences has been 
response determined (from phase 1 of this research) then how do those differences affect how 

people use and interpret feedback information. Using the same energy representation 
across people with differing understandings and expectations would validate the 
determination of those differences. 

Figure 4.1 shows an example screen from the energy dashboard which was de-
veloped to investigate and gauge different responses (during phase 2 of this research). 

4.2 D E S I G N R AT I O NA L E 

The design of the energy dashboard was intended as a synthesis of existing inter-
vention displays — rather than providing just one or two representations of people’s 
energy use it was designed to incorporate multiple features, so it would then be 
possible to see which features people used and valued, and cross-reference that to 
their sense-making behaviours. 

State of the art Following a literature review of domestic energy feedback systems and methods 
(see Chapter 2) the following elements, of an energy monitoring system, were 
identifed as being important to supporting user understanding of their energy use, 
and enhancing user agency: 

(i) Timely feedback. Feedback should be real-time (or nearly so), and presented 
at or close to the point of consumption. 

(ii) Self-comparative consumption. People are more able to make sense of their 
consumption when they can determine the similarities and differences between 
any two consumption events. These events may be short term (day-to-day 
or within-day) or medium/longer term comparisons requiring the collection 

http:content.To
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Figure 4.1: Example screen from the energy dashboard, showing weekly electricity 
usage as cost per day, cost per week, and proportion of user-set budget as 
a decreasing value. 

and presentation of historical data such as if people change their behaviour or 
activities and want to see what effect that change has made on their energy use. 

(iii) Goal setting and tracking. Studies (e.g. Abrahamse et al., 2005) have shown 
that feedback works well when used in combination with the setting of (short-
term) personal goals. Such goals may be either self-set (ideally), or externally 
determined. 

To explore the notion that feedback systems can support active sense-making by 
individual consumers a fourth feature was proposed: 

Active sense-making 

(iv) Annotations. Supporting the idea that allowing people to make personal 
annotations on their energy consumption events may encourage refection 
and enhance their knowledge and understanding. 

Such an ‘annotations’ function which allows the user to record, and review, their own 
comments relating to their consumption on any given day or hour is not often found in 
existing studies. Facilitating user refection may help consumers develop new insight 
into their energy usage. Figure 4.2 shows the annotations facility overlaid onto the 
display of weekly energy usage. 

Figure 4.3 illustrates some of the self- and normative-comparison features built 
into the energy dashboard (see also Figure 4.7). 

Rather than thinking in terms of functions (i.e. functionality) the design should Interaction activities 
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Figure 4.2: Example screen from the energy dashboard, showing forecast electricity 
usage as cost per day, and free-form user annotation. 

support interrogation based on activities.2 This distinction may, at times, appear 
semantic but it is a key driver of the interaction workfow. For example, a function 
for setting a usage goal is not stand-alone but is part of an activity which can be 
called ‘budgeting’: this requires not just the setting and tracking of the goal, but 
also the actions required to investigate a variance from the goal, which may include 
comparison of consumption with other time periods, exploring unexpected usage 
peaks, and making custom personal annotations for future reference. 

However, the purpose of this research was not to test a system design, but to use 
the system as a research tool. This required some assumptions being made about how 
people might use the system, which could affect the usability of the dashboard. To 
mitigate such an outcome the system was therefore designed to allow iterative design 
changes to be incorporated rapidly, in response to user feedback. 

4.3 I N F O R M AT I O N D E S I G N 

If these key elements are treated as design goals, how might they be implemented in 
an information system. 

Building upon the discussion in Chapter 2 suggested the following features as 
being desirable in an energy dashboard: 

http:dashboard.To
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(a) 

(b) 

(c) 

Figure 4.3: Detail of the header bar in the energy website, showing self-comparison 
(a,b) and social-normative comparison (c) features. 

Drill-down Drill-down 

Field studies in energy informatics typically examine the effect of just one information 
representation: essentially a ‘one-size-fts-all’ design. An implicit assumption is that 
all users want and respond to the same thing. Further that a person’s information 
needs do not change. However, these assumptions may not be justifable. A single 
representation may satisfy the needs of the study group — depending on the com-
plexity of the information representation and the size of the group — but whether that 
same representation will work with other groups is open to debate. Nor would it seem 
to cater for shifts in people’s requirements as their knowledge and understanding of 
their energy consumption changes with time. 

Functionality which allows the user to see the overall picture of their energy 
consumption, while being able to focus on particular areas of interest, might facilitate 
users’ exploration of the informatics. This also keeps the user interface simple and 
focussed, which might aid sense-making. 

Budgeting Budgeting 

The provision of an interface which supports the management of user-set budgets 
should aid the investigation of budgeting behaviour. 

In its widest sense ‘goal setting’ encompasses any behaviour which aims to achieve 
a targeted change, however, in the context of domestic energy consumption, it can be 
correlated with budgeting behaviour. 

2 ‘Activities’ in this context refers to user interaction with the system rather than the energy-
consuming activities (e.g. ‘doing laundry’; ‘cooking dinner’) discussed previously. 



62 S Y S T E M D E S I G N A N D D E P L OY M E N T 

To support goal setting the energy dashboard should be interactive. Individual 
circumstances and motivations affect people’s goals so a generalised goal will likely be 
ignored. People will therefore require the ability to set and track their self-determined 
energy budget. 

Due to dissimilarity in usage and cost, separate budgets for electricity and gas 
consumption would be required. 

The provision of an interface which supports the management of user-set goals 
could help to uncover the existence of budgeting behaviour as a reason for people’s 
engagement with energy informatics. 

Annotations Annotations 

Many of the systems used in existing studies do not allow for, or require, user 
interaction. Other than navigation around the display the systems tend to be one-way. 
However a study using a user-annotated activity-based consumption display received 
positive feedback from the study group (Costanza, Ramchurn, and Jennings, 2012). 

An ability for the user to record personalised notes and annotations on specifc 
consumption events could facilitate user comprehension and engagement through 
refection. People could record their inferences (e.g. their understanding of the cause 
of an energy consumption event) for subsequent consideration and review. 

Apart from facilitating improved understanding by the user, feedback such as this 
from the user might be captured by the device and used to improve its capabilit-
ies. For example, the user may note that a spike in electricity consumption every 
Saturday at 9 a.m. is due to weekly washing machine usage; the IHD device could 
use this information to better identify non-negotiable consumption and improve its 
projections/suggestions. 

Projections Projections 

To support user tracking of budgetary goals, but also acting as an investigative tool in 
its own right, the presentation to the user of forecast energy usage could aid user’s 
sense-making. Subsequent comparison of actual usage versus the forecast offers scope 
for refective thinking from the user. 

Such a forecast may not require a high degree of accuracy compared to actual 
usage, providing users are able to explain any differences to their satisfaction. Hence 
a simple projection from recent usage may be suffcient. 

Customisation Customisation 

To facilitate different views of the energy information and support differing users, the 
informatics should be capable of providing an individuated visualisation, selectable 
by the user. 

Rather than having a representational bias to the pre-conceptions of the researcher, 
the system should facilitate multiple views of the data, thereby allowing each user to 
appropriate the system according to their own particular requirements. 
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Units of measurement Display units 

As discussed above (see Appendix 2) energy should be presented in terms of monetary 
value rather than units of energy (or of average/instantaneous power). 

4.4 I N F O R M AT I O N P ROV I S I O N 

Consideration was given to how these design features might be provided to energy 
consumers. 

Early intervention studies in this feld used a simple log of meter readings obtained 
from the supplier’s energy meter, either read and presented by the researcher (e.g. 
Brandon, and Lewis, 1999) or by the participant themselves. Indeed this method is 
currently used by some householders who have an interest in their energy usage over 
time.3 But the recording of detailed data is time-consuming, so the insights which can 
be made into energy consumption are limited. 

With the increasing availability of Smart Meters a more detailed level of data 
becomes available. Smart Meters typically come with an associated IHD provided by 
the energy supply company. These displays include some of the features noted above 
to some degree (e.g. drill-down, budgeting, forecasting), but the information content 
is limited and they have a presentation bias which may detract from their overall 
usefulness to the consumer.4 

A review was undertaken of some of the currently available commercial IHD devices Review of 

(see Section 4.6). All of the devices covered some of the above functionality but not commercial IHDs 

all of the elements were found in any one device. Similarly, an existing empirical 
study which included all these elements was not found in the literature. Therefore it 
was decided to build a bespoke system which provided all of these functions, to some 
degree, to explore how useful they were in real-world use and in what ways people 
appropriated the informatics. 

Ideally, a preliminary study would have been undertaken to determine the paramet-
ers, structure, and layout of the information design. However, that approach presumes 
the end-users were already aware of their information needs, or were at least able to 
recognise what information would be utile. Since that recognition is part of the aim of 
this research, an alternative philosophy was adopted wherein a one-size-adapts-to-all 
design would be created, and then iterated design changes undertaken in response to 
user feedback in the feld studies. 

The rest of this chapter discusses the design and development of that system in 
detail. 

3 For example, participants P54, P58, and this researcher. 
4 For example, they often present usage in a form which masks the annual cost of energy used. 
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4.5 S Y S T E M I N F R A S T RU C T U R E 

Development of a research probe to explore consumers’ attitudes and understanding 
of their energy consumption required the collection, storage, and presentation of 
energy consumption data for each participant in this study. 

To avoid any effect on user behaviour the collection of data required automatic 
measuring equipment installed in each participant’s home. Barriers to system usage 
were reduced by presenting the consumption information to them in an already 
familiar form as a screens in an internet browser program. 

Since the purpose of this informatics was as a tool to elicit user response rather 
than becoming the primary objective of this research, the infrastructure had to be 
something which could be developed quickly and with minimal external requirements. 
It also needed to be unobtrusive to the participants, and provide a familiar interface. 

A combination of localised non-invasive aggregated sensing for gas and electricity 
consumptions, centralised data storage and computation, and presentation of the 
information as an internet-accessible website ‘dashboard’ was chosen. 

Appendix B provides a technical discussion of the data collection and presentation 
systems. 

4.6 I N F O R M AT I O N V I S UA L I S AT I O N 

Having identifed the information design requirements (section 4.3) and decided upon 
the hardware infrastructure (section 4.5), the method and content of the information 
presentation to the participants was considered. What form should the visual repres-
entation take, and how should an energy dashboard be designed to meet the design 
goals? 

Although there have been many feedback interventions, there is some commonality 
Review of between the methods of presentation and the content displayed. To investigate this, a 

state-of-the-art review was undertaken to classify and tabulate the various devices which have been 
feedback used in domestic energy consumption trials over the last 7 years. The corpus used was 

the reference list of studies from the meta-reviews mentioned at the start of Chapter 1. 
Earlier trials are almost exclusively based on simple text-based power/cost meters, 

or exercises in paper billing/manual meter readings. These earlier trials were excluded 
to focus on recent studies which were expected to contain more modern presentations. 
Only devices (or paper-prototypes) which were trialled with actual users were con-
sidered: papers which discussed purely hypothetical designs or content were excluded. 
An issue faced in the investigation was that many studies did not give any information 
on the visualisation’s content. They may, for example, have described providing users 
with an IHD, but gave few details on its actual content or method of presentation. 
Thus many papers had to be excluded from this investigation, leaving 17 papers for 
analysis. Figure 1.1 shows representative examples of the visualisations found in these 
papers. 

Feedback content Interesting traits discernable from this review are: 
• Present usage is usually displayed as either simple numbers, a fuel type gauge, 

or as an ambient visualisation. 
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• Values are frequently displayed in ‘kWh’ (despite these units typically being 
misunderstood by users (Foster, Blythe, et al., 2010; Karjalainen, 2011). 

• Self-comparison data is prevalent but may be displayed in a number of different 
formats, although typically as a line graph or a bar chart. 

• Projection of future usage is rarely provided. 

• Goal setting / tracking is absent. 

• Only one device displayed disaggregated consumption. 

This analysis identifed obvious gaps between what has been suggested above as the 
desirable features in an energy visualisation and what is trialled in practice: 

• While the use of ambient visualisation has been shown (q.v. Appendix A) to 
be benefcial to consumers, an ambient by itself — that is, without the ability 
to display more detailed data on request — is restricted in its ability to inform 
consumers. 

• None of the reviewed studies displayed or tracked user-set goals. 

• Most of the existing studies are non-interactive in as much as they offer only 
navigational control between different parts of the IHD: there is no facility for 
deeper interaction by the user. 

• None of the reviewed studies allowed the user to annotate events or features 
(e.g. consumption spikes) in their usage. 

People with Smart Meters are typically provided with an IHD from their energy 
supplier. To compare and contrast the information provided by the energy suppliers a Research -

review of these devices was undertaken. This consisted of examining copies of the commercial IHDs 

operating instructions for these IHDs, from the suppliers’ websites. Figure 4.4 show 
four such IHDs, from Energy Utilities, Utilita Energy, and British Gas. 

In particular the differences between the the publicly available prepayment devices 
from the main U K energy companies were investigated and compared against post- Research -

payment IHDs. Only one feature additional to the capabilities of ‘standard’ IHDs was prepayment IHDs 

identifed: the display of projected number of days credit remaining (i.e. projected 
future usage based on most recent usage). Therefore, if practical, this metric should 
be included in an energy visualisation. 

Both of these reviews informed the decisions made over the method and content of 
the energy usage representation presented to the participants in this research. 

4.7 I N F O R M AT I O N C O N T E N T 

A presentation was chosen where the user’s consumption data was displayed as a 
series of graphics and text in a website. 

The key layers from the dashboard design exercise are representations of: 

(i) Daily energy consumption for current and previous weeks, as a proportion of a 
user-set budget. 

(ii) Weekly and monthly consumption. 

http:supplier.To
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(a) (b) 

(c) (d) 

Figure 4.4: Typical commercial In-Home Display devices: (a) Energy Dash from 
Energy Utilities; (b) PPM from Utilita Energy; (c) Smart Meter from 
British Gas; (d) alternative Smart Meter from British Gas. 

(iii) Hourly energy consumption for any day selected from (i) or (ii) 

A number of screens were designed within the same visual framework. Figures 4.1, 
4.2, 4.5, 4.6, and 4.7 show example screens from the energy dashboard. 

Through interaction with the website the user could: change the period covered 
by the chart, switch between gas and electricity, set budgets, annotate day or hour 
columns, display forecast consumption, customise the chart to hide/display labels/rulers, 
drill-down to hourly consumption. 

To further improve website responsiveness a system of cache-ahead and cache-
behind was implemented when it was possible to predict what the user’s next action 
might be. This enabled webpages to be preloaded into the browser and removed 
internet latency. 

Prior to development, the interface design was evaluated heuristically (one evalu-
ator) using Nielsen’s nine basic usability principles (Nielsen, and Molich, 1990). 



67 4.7 I N F O R M AT I O N C O N T E N T 

Figure 4.5: Example screen from the energy dashboard, showing daily electricity as 
cost per hour, and room temperature. 

Figure 4.6: Example screen from the energy dashboard, showing yearly gas usage as 
cost per day, with average spend line. 
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Figure 4.7: Example screen from the energy dashboard, showing month-on-month 
self-comparative electricity usage. 

4.8 S Y S T E M D E V E L O P M E N T 

An existing data collection system (called Cogent House) was enhanced with addi-
tional hardware and software to provide the features described in this chapter (notably 
Sections 4.3, 4.6) to trial groups of domestic energy consumers. The informatics 
included: 

• Drill-down. The ability to drill down the charts to more detailed information. 
For example, clicking (or tapping) on a specifc ‘day’ consumption changes 
the display to show hourly consumption for that day. 

• Historical data. All historical information instantly available (by year, by 
month, or by day). 

• Self-comparative data. Display periodic consumption against the previous 
period. (Not available for Group 1 — this functionality was added for Group 2 
in response to user feedback in Group 2 early interviews.) 

• Units of measurement. All values are displayed in terms of monetary cost. 

• Budgeting. The user may input a cost goal as a weekly fgure, which may be 
different for gas and electricity, and the displayed chart then shows their spend 
for the week as a proportion of the budget. 

• Annotations. To facilitate note-taking, the user may record a free-text comment 
against either a daily or an hourly consumption column. 



69 4.9 S Y S T E M D E P L OY M E N T 

• Projection. Based on recent usage the user was shown an estimation of their 
usage of the remainder of the current period. 

• Customisation. A limited number of user-selectable options were available to 
toggle various chart elements, such as: numeric values on/off; average annual 
spend; daily/cumulative-only spend. 

The technical development of the data collection system and the website dashboard 
is detailed in Appendix B. 

4.9 S Y S T E M D E P L OY M E N T 

The website dashboard was made available to participants in Group 1 at the round 
1 meetings, which took place November–December 2016. Figure 4.8 shows two 
participants in Group 1 using the dashboard on desktop and tablet computers. 

(a) (b) 

Figure 4.8: Two Group 1 participants with energy dashboard on (a) desktop (P6), 
and (b) tablet (P4) computers, showing weekly electricity consumption 
representation. 

After the completion of the meetings with Group 1 participants, the equipment was 
removed, checked, and redeployed into Group 2 participants’ homes. 

For Group 2, deployment was in two stages: initially just the Current Cost electricity 
monitor (which has its own IHD) between December 2017–January 2018, before 
installing the remaining data collection equipment a few months later (June 2018– 
August 2018). The intention here was to investigate the utility of basic energy 
consumption data (e.g. which lacked historic data and functions to perform self-
comparative analysis) with an arguably more complex presentation (i.e. the energy 
dashboard). This approach mirrored that of the Group 1 participants: they also had 
the Current Cost prior to the website dashboard. 
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S U M M A RY O F C H A P T E R 4 : S Y S T E M D E S I G N A N D D E P L OY M E N T 

To explore how people make sense of their energy consumption an informatics system 
was developed as a research tool, and used in interviews with the study’s participants 
and by the participants in their own time. 

This system collected energy use data from sensors installed in participants’ homes 
which was then presented as a near-real-time website showing their gas and electricity 
usage over time. 

To see which features of a feedback representation people appropriate, a review 
of existing domestic energy feedback interventions was undertaken to identify: (i) 
features commonly available in such interventions, (ii) features suggested (in the 
literature) as being ‘desirable’. Where practical5 these features were built into the 
system used in this research. 

The initial design decisions were driven by this review of the literature (see Chapter 
2 and Appendix A) and an investigation of several commercial IHDs. The design was 
subsequently iterated in response to user feedback as the study progressed. 

The system was deployed to two groups of users, and used as a research tool in 
discussions with those users to: (i) discover the participants’ existing understanding 
of their energy, (ii) see if the information enabled the participants’ to make better 
sense of their consumption, (iii) validate the dimensions of differences uncovered in 
the initial meetings with the participants. 

The next chapter discusses the data collected and how it was analysed. 

5 For example, it was not possible to incorporate any ambient visualisation signals in the system 
developed even though these signals have been shown (e.g. Quintal et al., 2019; Pierce, Odom, 
and Blevis, 2008) to have merit to users. 



5 
D ATA C O L L E C T I O N A N D R E S U LT S A N A LY S I S 

“ I can’t just turn off all the lights, the heating, and just sit in the dark.” 
Study participant P54 (2018) 

P R E F AC E T O C H A P T E R 5 

The previous two chapters discussed the research method and the development of a 
custom research tool. 

The research method chosen was an empirical case-study of two groups of house-
holders, and used ethnographically-informed semi-structured meetings in their homes. 
It set out to understand how these consumers make sense of the energy consumption, 
and to identify hypothesised differences in their understandings and behaviours. 

Energy consumption data was collected using gas and electricity sensors installed in 
participants’ homes which was computed and displayed as a website for online access 
by the participants. The website was used as a research tool to further investigate the 
participants’ understanding of their energy, and see if it supported their sense-making. 

[Note: the sensor data is not presented here since it is not offered as a research 
outcome: it was used merely to feed into the website visualisation.] 

This chapter describes the implementation of the method, the collection of results, 
and how those results were analysed. 

5.1 U S E R S T U D I E S 

The case study set out to determine: 

(i) the relevance of energy consumption to the participants’ lifestyle and beha-
viours, 

(ii) their existing knowledge and understanding of their consumption, 

(iii) what resources they used to build understanding of their consumption. 

This research was designed as a longitudinal study allowing a series of interactions 
with the users over time. It was planned to undertake three rounds of meetings with 
each participant. Agenda for the meetings is attached as Appendix E.1). 

Tables 5.1 and 5.2 illustrate the socio-demographic character of the participants, 
and the availability of monitoring equipment provided to each. 
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Table 5.1: Socio-demographic characteristics of the participants. 

. 
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Table 5.2: Availability of electricity and gas monitoring by participant. 

Dashboard DashboardParticipant Current Cost Participant Current Cost 
Electricity Gas Electricity Gas 

F1 X X X P52 X X 

F2 X X X P53 X X X 

F4 X X X P54 X X X 

F5 X (partial) (partial) P55 X (withdrew from study) 

F6 X X X P56 X X X 

H25 X (no computer access) P56 X X 

P58 X X 

P59 X X X 

P60 X X X 

5.2 G RO U P 1 - DATA C O L L E C T I O N 

Semi-structured interviews were undertaken, between 10 November 2016–12 Septem-
ber 2017. Occupants in six of the properties took part: occupants in the other two 
properties declined. 

In the frst round of interviews the participants were asked to: (i) talk through an 
average day describing the activities they undertook in the home, (ii) talk about how 
they budget for energy, (iii) explore the energy dashboard. 

After the initial discussion the participants were guided on how to access the energy 
dashboard and then asked to follow a researcher-led series of tasks to see if they were 
able interpret what they saw (e.g. “What do think that information means?”), and if 
they found the dashboard useful in uncovering information about their energy use 
(e.g. “How much did you spend on electricity in that week?”). 

The dashboard was built with a number of user-selectable options. These were 
explored with the user to identify which aided user understanding and in what ways. 

The second round of interviews focussed on: (i) resources they used to manage 
energy consumption, (ii) discussed their usage of the energy dashboard, and a 
demonstration of new features added since the last meeting, (iii) a Note Taking 
Task where the participants were asked to record anything energy-related of interest 
to them (see Appendix E.2). 

A third round of interviews was a review, and open discussion of comments made 
in their Note Taking Task. Where they were able to access the website dashboard they 
were invited to explain features of the charts to the researcher (to gauge what sense 
they had made of the information and its relevance to them). 

Timeline 

Timeline for the meetings is shown in Table 5.3. 
Gas and electricity monitoring was available in all homes (Table 5.2). Participant F5 

did not have internet access so was unable to take part in the unsupervised dashboard 
session. Participant H25 did not have a computer compatible with the dashboard (viz. 
no HTML5 browser available). 
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Table 5.3: Timeline of meetings with participants (Group 1). 

Date No. Purposes 

November 2016– Meeting 1 Uncover energy Budgeting Demo energy 
December 2016 practices behaviour dashboard 
June 2017– Meeting 2 Use of resources Discuss energy Energy diary 
July 2017 dashboard usage (note-taking task) 
August 2017– Meeting 3 Review energy F2,F4 : Discussion Equipment 
September 2019 diary of energy dashboard removal 

Character 

The participants in Group 1 comprised social housing occupants living in a block of 
6 fats (prefx ‘F’) and 2 semi-detached houses (prefx ‘H’)1. The characteristics of 
the participants is shown in Table 5.1. All homes had mains electricity and mains 
gas-fuelled central heating systems. 

5.3 G RO U P 2 - DATA C O L L E C T I O N 

Semi-structured interviews were undertaken, between 15 December 2017–16 May 
2019, with occupants in nine properties (subsequently reduced to eight properties 
after the frst interviews). 

Initial interviews set out to determine: (i) the user’s pre-existing understanding 
of their energy consumption, (ii) their general attitude towards energy. The purpose 
of the Current Cost device to measure electricity consumption was then explained 
and installed. Finally, to encourage refection, each participant was asked to complete 
an ‘Energy Diary’, in which they could note any points of interest or questions they 
wanted to ask about their use of energy, for subsequent discussion. Figure 5.1 shows 
a sample page from a diary completed by one of the participants. 

A second round of interviews was undertaken between three and eight months later. 
The theme for the second interview was: how do people determine their ‘normal’ 
energy usage, and how do they ‘forecast’ their future usage. An initial discussion 
about their energy use was followed by an exploration of what information resources 
they used, or had available. Discussion of their use of the Current Cost IHD sought to 
explore its utility and worth to them: for what purposes had they used it, and was it of 
value. Finally, any comments they had made in the Energy Diary were reviewed in an 
open discussion, and any questions were answered. 

The energy monitoring equipment was installed between June–August 2018. 
The purpose of the monitoring equipment was explained, and each participant was 
provided with their log-in details to the energy website. (No interview was undertaken 
at this time.) 

A third and fnal round of interviews took place nine months after the website was 
made available, to: (i) discover if they were (still) using the Current Cost IHD, (ii) 
uncover their use of the website, (iii) interactively use the website to refect upon 

1 F3 and H23 declined to take part in this study. 
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Figure 5.1: Page from completed Energy Diary. 

Table 5.4: Timeline of meetings with participants (Group 2). 

Date No. Purposes 

December 2017– Meeting 1 Attitude and energy Uncover tacit Installation of Provision of 
February 2018 behaviours knowledge Current Cost energy diary 

IHD 
March 2018– Meeting 2 Energy budgeting / Use of Discussion of Discussion of 
August 2018 practices resources Current Cost energy diary 
June 2018– — Installation of 
August 2018 energy dashboard 
April 2019– Meeting 3 Researcher’s Discuss usage 
May 2019 follow-up questions of dashboard 

researcher-led questions about particular features showing in the charts (e.g. “Can 
you explain why your consumption on 23rd July was higher?”). 

Timeline 

Timeline for the meetings is shown in Table 5.4. 
Since it was not possible to interface to Smart Meters, gas monitoring was available 

in fve homes (Table 5.2). 

Character 

The participants in Group 2 comprised owner-occupiers or tenants living in 9 houses. 
The characteristics of the participants is shown in Table 5.1.2 All homes had mains 
electricity and mains-gas-fuelled central heating systems. 

2 For additional demographic data for this Group see Appendix C.1. 
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Participant P55 withdrew after interview 1 had taken place but consented to the 
data collected up until that point being used in the study. 

Participants’ responses to the demographics questionnaire are shown in Table C.1. 

Box 5.1: Participant reaction to ‘Kettle Spike’ 

Participant interpretation of and response to energy consuming events is 
noticeably varied. 

Switching on an electric kettle causes a spike in the electricity consumption 
displayed on the Current Cost display. Figure 5.2 shows the CC display before 
the kettle was switched on (a), while it is on (b), and after it is switched off 
(c). The instantaneous energy consumption jumps from 592 W to 3.65 kW. 

(a) (b) (c) 

Figure 5.2: Close-up of Current Cost display with ‘kettle spike’: (a) before 
kettle switched on; (b) during kettle switched on; (c) after kettle 
switched off. 

The CC display cycles between daily and monthly displays of the electricity 
cost, and while the kettle is on it jumps from a projected cost of £63 to over 
£390 per month. 

The response to this event varies with some participants worrying about 
the apparent cost (F2,F5): 

“If I switch the kettle on, that’ll shoot. I tend now to switch 
most my plugs off.” 

Others recognise the ephemeral nature of the spike (P53,P54,P57): 
“It’s kind of misleading you know cos’ you put the kettle on 
and it says oh the cost rate will be 70 pound for the month, well 
yeah but I’m not boiling the kettle constantly for 30 days am I.” 

5.4 DATA A NA LY S I S 

Data collected from the participants comprised: 
• Audio or video recordings of the meetings. 

• Photographs of resources or other objects of interest, used by the participants. 

• Researcher’s notes made after the meeting. 

• Energy Diaries completed by the participants. 

• Log of interactions with the Energy Website. 

All interviews were recorded on audio or video (or both), and the audio subsequently 
transcribed. 
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Several of the interviews involved more than one subject (e.g. husband and wife). 
In the narratives which follow (Chapter 6) the individual people (subjects) within 
each household (participant) are referenced as shown in Table 5.1. 

5.5 DATA C O D I N G 

In order to identify points of interest to participants and quantitatively compare 
the relevance and importance of topics across participants, all the interviews were 
manually coded, and the data analysed in NVivo. Codifying the data gave the 
participants’ utterances a context. 

The coding method applied was a combination of ‘In Vivo’ plus ‘Values Coding’ Inductive coding 

(values, attitudes, beliefs) (c.f. Saldaña, 2009). This was chosen to uncover parti-
cipants’ perspectives on energy: its meaning, relevance, and impact. In addition, the 
way that people refer to energy (consumption in particular) might evidence useful 
insight into how they engage with energy. 

Although to some extent the ‘topics’ being coded were pre-determined (viz. a 
priori) — since each meeting started with a rough theme in mind — the coding 
itself was inductive (a posteriori) with the data determining the codes used. In the 
subsequent analysis and categorisation of the codes, the interview themes were ignored 
(as far as possible: i.e. researcher bias). 

Subsequent to the frst-pass coding, the inducted codes and their frequency were Thematic analysis 

inspected in NVivo and grouped into eight categories. This was subsequently revised 
to fve categories following a review of the subcategories and their content. 

An inter-rater reliability analysis using Fleiss’ kappa statistic was performed to 
determine consistency of the determined codes. There was good agreement between 
three raters: κ = 0.68 (p <0.001) (95% CI 0.535–0.831). 

A complete list of the sub-codes is attached at Appendix D.1. 

The fve main categories which emerged were: Categories 
• Energy & Lifestyle 

• Energy Behaviour 

• Energy Conservation 

• Budgeting Behaviour 

• Energy Information 

Within the categories/sub-codes a number of key themes were observed (as de-
termined by their frequency but also by their declared importance by the participants): Themes 

• Belief about existing consumption level. 

• Awareness of energy usage (i.e. where energy is used). 

• Use of existing knowledge (ability to explain — or make educated guess at — 
consumption events). 

• Elective versus non-discretionary consumption. 

• Avoiding bill shock (i.e. predictability of energy cost). 
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• Budgeting for current (i.e. current week or month) usage, and longer-term 
forecasting (up to twelve months). 

• Occupancy affects on consumption. 

• Weather affects heating (and electricity). 

• Lack of comparative consumption data (both self- and social-normative com-
parison). 

5.6 C O D I N G F R E Q U E N C Y A NA LY S I S 

The frequency distribution of the assigned codes was plotted for each participant as 
an aid to (i) understanding individual priorities, and (ii) comparing participants. (The 
plots are shown as pie charts in Chapter 6.) 

The charts counted the number of codable events (utterances, observations, etc.) 
and illustrated the relative importance of each of the fve categories to each participant. 
They usefully informed the narrative about each person. 

Narratives The narratives3 characterise each person in terms of their understanding, priorities, 
etcetera, and their responses to energy informatics. 

It is inevitable that some categories/subcategories will code with a higher frequency 
than others due to the nature of the questioning. Each meeting took place with a broad 
theme in mind (q.v. Section E.1) although the participant could take the discussion 
where they wanted it to go. To a large extent people could choose what they talked 
about, and it is often true that people talk about what is important to them. This 
would manifest itself in the coding frequency. As Saldaña points out “frequency of 
occurrence is not necessarily an indicator of signifcance” (Saldaña, 2016:41). 

So, to aid comparison between participants, the frequency distribution was also 
prepared as a ranked table (see Figure 5.3). This helped illustrate similarities and 
differences between the two groups. (Discussed in Section 6.5.) 

Note: In practice, the coding occurrence for Group 1 participants was very low, 
resulting in no clear differentiation between the fve categories. Therefore pie charts 
were not prepared for this group and they were removed from the ranking table. 

Figure 5.3: Ranking of code frequency for each participant. 

3 See Chapter 6. 
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5.7 F RO M C AT E G O R I E S T O D I M E N S I O N S 

Five main categories were identifed from the coding analysis: Energy & Lifestyle, 
Energy Behaviour, Energy Consumption, Budgeting Behaviour, Energy Information. 

Energy & Lifestyle. This category refects people’s attitudes towards energy, and 
the relevance of their priorities to how energy gets used. 

Attitude to energy and how they relate their energy use to their lifestyle. Also 
their level of interest/disinterest in knowing about their energy use. How do they 
regard energy: for example, do they consider it to be a commodity or a resource. What 
aspects of their lifestyle affect their energy use, for example: patterns of occupancy, 
competing demands of family. Discretionary versus non-discretionary consumption, 
and attempts at time-shifting. 

Energy Behaviour. How do people interact with their energy use, and what drives 
their behaviours. 

What energy behaviours and energy practices are identifed, and what drives their 
interest (or lack of interest) in energy. What are their environmental attitudes and 
how do they affect their involvement with energy. Considerations relating to energy 
awareness/conscience, and environmental values and beliefs. Behaviours relating to 
energy conservation, curtailment, and investment. Beliefs about their consumption 
level and the degree of personal control they feel they have over it. 

Energy Consumption. Awareness of their consumption, and attitude towards energy 
savings. 

Understandings of their energy consumption in terms of devices, appliances, and 
overall energy use. Use of these appliances and how that affects energy use. Attitudes 
towards energy savings e.g. expectations of reward, effort required, scale of change. 
Attempts at management of their energy consumption (e.g. devices on standby). 

Budgeting Behaviour. Attitude, and behaviours, with respect to budgeting their 
energy. 

Whether people undertake any sort of planning or budgeting for their energy usage. 
How do people undertake budgeting, and why, and over what timeframe. Cost (£) 
versus energy (kWh). Do they attempt to forecast their consumption, and do they then 
adjust their usage based on the forecast. Also covers any reference to the setting of 
consumption, and spending, goals. 

Energy Information. This category covers a number of sub-codes relating to 
the provision, discovery, and use of energy information. Also, people’s perceived 
information needs and refections on consumption (sense-making). 

Existing knowledge, and personal refection on new information as a means of 
explaining energy use. Monitoring of consumption: use of devices, tools, resources 
(including supplier bills). Presentation of feedback, units of measurement, and use 
of IHDs. Usage comparisons: self; others. Perceptions, and relevance, of differences 
between ‘appliances’ and ‘activities’. 
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Mapping from categories to dimensions is not a one-to-one relationship. For example, 
behaviours relating to personal priorities were identifed within all fve categories. 
This is examined further in Section 6.3. 

5.8 DA S H B OA R D U S AG E 

A logging function built into the energy display tracked which pages the user looked 
at, for which days, and logged other actions of interest (e.g. certain mouseovers). 
The intention was to see which parts of the visualisation were accessed and in what 
sequence. In follow-up interviews the user was asked if they could explain their usage 
(viz. why they did particular things in that particular way). 

Manual inspection and analysis of these logs re-created the user’s interaction with 
the website. There were two areas which were of interest to this research: (i) frequency 
of accessing the system, (ii) what specifc information they accessed and in what 
sequence (i.e. how they used it and what they looked at). 

However, use of the system outside of the times when the researcher was present 
Limited elective use was low. Usage consisted of exploring the interface apparently to: (i) see how the 

‘options’ buttons changed the data displayed, (ii) view charts of recent usage for 
weekly gas and weekly electricity consumption. This usually occurred within a few 
days of the researcher’s visit, and then there was no further activity until the next visit. 

There were two exceptions: 

(i) Participant F4 used the system during the Note-Taking Task undertaken with 
Group 1 (see Section 5.2). Information accessed was the gas and electricity 
usage charts for the current week. She then used the annotation facility to 
record her ‘energy comments’ as requested in the Task. 

(ii) A notable exception was participant P54, who used the system nearly every 
day from the time when it was available, and continued to do so until the 
equipment was removed (17 months later4). Initially he followed the same 
pattern — exploring the ‘options’ buttons, and navigating between charts of 
weekly (frequently accessed), monthly (occasionally), and annual (rarely) 
— before settling into a routine of daily checking of his gas and electricity 
consumption for the current week. In a follow-up he said he was “just checking 
his usage was what he expected”.5 He accessed the web site on his smartphone 
and had set up a shortcut so he could quickly check it — he was not looking 
for detailed information just looking for anomalous energy use. 

S U M M A RY O F C H A P T E R 5 : DATA C O L L E C T I O N A N D R E S U LT S A NA LY S I S 

Two groups of domestic energy consumers were selected to take part in feld in-
vestigations. While not being prescriptive the intent was to have people with similar 
socio-demographic attributes within each group, thus facilitating both intra-group and 
inter-group comparisons. The groups were suffciently different from each other to 

4 Although the investigation with the participants had fnished the equipment was left in place 
for Group 2 with the consent of the participants. 

5 Source: personal conversation with P54. 
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represent consumers with presumed different lifestyles. In this way it was expected to 
uncover both similarities and differences across all the participants. 

Ethnographically-informed observation through a series of semi-structured in-
terviews with energy consumers, in their own homes, facilitated a wide scope and 
avoided constraints imposed by a discrete and rigid questionnaire. It afforded the 
opportunity for more spontaneous responses from the users which could then be 
explored contemporaneously. Location — being in the person’s home — was also 
relevant, and important, as it enabled them not only to describe events and activities 
but also to show them in situ, and often this encouraged further discussion. 

A series of three semi-structured interviews were undertaken with the participants, 
in their own homes, over periods of nine to eighteen months. Each interview was 
video- and/or audio-recorded for later analysis. 

For use as a research probe, an energy monitoring system was deployed in each of 
the houses in the study. The purpose of this tool was to act as a focus, and a catalyst, 
for discussion with the participants. At the same time, it permitted user feedback on 
design of the interface which in itself prompted user discussion. 

The interviews were designed to: 
• Establish what they understood about their household’s energy consumption; 

what they thought about ‘energy’; what control they believe they had over their 
consumption; what information sources they had available and/or use, and how 
they made meaning from them. 

• Ascertain whether the energy dashboard was useful to them and in what ways; 
how they appropriated the feedback information presented; which aspects of 
the representation design they found useful (or confusing/uninteresting); what 
improvements they thought could be made to the information display. 

All of the interviews were transcribed and subjected to emergent thematic coding. 
The codes’ frequency distribution was compared between individuals within each 
group, and between the groups. In the next chapter those frequency distributions are 
analysed, to uncover the differences between participants’ interest in energy. 
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P E O P L E A S A C T I V E S E N S E - M A K E R S : 
C H A R A C T E R I S AT I O N O F E X I S T I N G P R A C T I C E S 

“ People do not use energy, they use devices and products. ” 
Crabb (1992) 

P R E F AC E T O C H A P T E R 6 

The previous chapter detailed the content of the case study and how it was 
undertaken. It described the data which were collected: audio/video recordings; 
photographs and notes; participants’ refective diaries; interface interaction log. 

All the interviews were transcribed verbatim, and then coded using inductive 
analysis. 

This chapter discusses the main fndings from the coding in the form of a descriptive 
narrative for each person to identify the dimensions of their engagement with energy 
and their ability to make sense of energy. 

This is followed by a summative discussion to highlight similarities and differences 
between individuals and groups in the study. 

This chapter grounds the claim that people’s sense-making is different and depends 
on, inter alia, their lifestyle, beliefs, values, priorities, and goals. 

6.1 G E N E R A L F I N D I N G S 

Group 1 participants (social housing tenants) were not seeking savings. They had 
already reduced their energy use as far as they felt able. Which is not to say their 
consumption was at a minimum: there were identifable areas where energy could be 
reduced further, and of which the participant was aware, but they had chosen to leave. 
Often this was for space-heating, which is the main elective cost they have available 
to conserve. Despite, in some cases, having limited household income they chose to 
prioritise thermal comfort, and cut-back on other household spending instead. 

Although budgeting could be observed as a behaviour it was typically a set-and-
forget arrangement. Having learned their consumption pattern, through experience, Energy budgeting 

they were able to forecast future consumption and stay within the budget. The only 
exception was one participant where budgeting was critical to the management of 
household fnances and so was a daily activity (F5). 

Group 2 participants (owner-occupiers) had more leeway in the setting of their 
energy budget and were able to infuence it to a greater extent. Energy is a smaller 
percentage of their household income (unlike Group 1) so was less of a fnancial 
concern. (But, it is worth noting that some participants in Group 1 spent more on 
energy than some of Group 2.) 

83 
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Despite professing (and showing) a strong ‘green’ awareness, some participants 
were not necessarily looking for energy reductions. Their motives for engaging with 
energy informatics were varied. 

Shock avoidance Although they talked about budgeting, their actual behaviour was more about 
avoiding the shock of a higher-than-expected bill. This type of forecasting requires 
good understanding of the factors affecting consumption, and this lack of knowledge 
(information) was frequently cited by participants in this group, and was instrumental 
in their reason for taking part in the study. 

For both groups cost savings as a motivation for behaviour change is not a high 
Reaction to priority. When the energy ecology is changed, by introducing an energy display of 
intervention some sort, then it does seem that an interest in energy savings can be fostered and 

enacted through self-developed conservation measures, depending on the lifestyle, 
beliefs, value, priorities, goals, of the participant. However, this was absent from 
Group 1 who had little interest in informatics.1 

6.2 NA R R AT I V E S 

This section relates the fndings for each participant, using quotes from the participants 
to evidence the inferences made.2 

Dimensions of differences are uncovered for each participant. 

1 Group 1 participants were offered a shopping voucher for each interview in which they 
participated. Group 2 participants were not offered any incentive. 

2 References to quotes are of the form ‘participant:meeting’ or ‘participant:meeting:subject’ 
if more than one person participated at that house. For example: ‘P52:1’ is participant P52, 
meeting 1; ‘P55:1:S’ is person S at household P55, meeting 1. 
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Participant F1 

Profle 
F1 PROFILE 

Participant F1 is a young couple in their late 20s with an infant and an 18 month-old 
baby, living in a 2-bedroom fully-insulated fat. 

They pay for their gas and electricity using a pre-payment meter, which they top-up 
every week. 

Narrative 
F1 NARRATIVE 

Thinking about energy is not a major activity to participant F1, although she does 
monitor and manage her spending: 

“It’s just part of everyday life. I’m just conscious of it.” (F1:1:A) 
“I’m always quite mindful about it, saving electric.” (F1:2:A) 

However, she aware of energy, and has developed an understanding of her spending. 
She takes simple self-developed conservation measures to contain her spending: Avoid waste 

“I’m quite conscious about the lights being on but I think that’s from...that’s 
instilled in you isn’t it from when you grow up.” (F1:1:A) 
“And when I’m cooking as well I’m conscious of that as well, I’d rather 
boil the kettle frst and put it into whatever I’m cooking rather than use 
the electric on the cooker to heat it up to the boiling point.” (F1:1:A) 

She does not claim to know the detailed consumption of appliances, but she is able to 
consider their approximate magnitude which she uses to explain her use. For example, 
she is able to explain the baseload consumption shown on the website: 

“That could only be the freezer. No-one turns the fridge off.” (F1:2:A) 

She claims their consumption is low — “we don’t really use that much” (F1:1:A) — 
but in fact their energy costs are higher that some of the participants in Group 2. 

She has compared her consumption to her neighbours and friends to acquire 
information on whether her level of spending is good or bad: 

“But I was talking to my friend about her...her gas and electric. Like her 
electric was more or less the same, she was putting so much gas in [...]. 
[It’s like I’m] nowhere near that.” (F1:2:A) (emphasis in original) 

Compares feedback against her own experience. When she used the Current Cost 
(CC) monitor she did not believe the fgures it was displaying for her electricity 
consumption: 

“I don’t think we’re using what it’s saying.” (F1:2:B) 

But she recognises this could be because: 

“I don’t understand how it works” (F1:2:A) 

She has a prepayment meter which uses a card top-up system and she is habituated in Gross-cost budgeting 

its use: she trusts this meter more than the CC display. She has compared the feedback 
against the prepayment meter which she thinks gives a more accurate indication of 
spending: 
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“we know we’re not spending that. Because we’ve just got meters, so 
we know what we’re spending.” (F1:1:A) 

Her disbelief in the CC arises from it displaying weekly cost based on extrapolating 
instantaneous usage — which they know is wrong for the week. 

“I’m baffed with that. Honestly. ’Cos some days it says I’ve used 27 
pounds and then other days it’ll be [91]...I don’t know how to use it.” 
(F1:2:A) 

Trusts own So because she does not understand the numbers displayed she does not trust the 
experience device and does not use it. 

She budgets for their energy use based on cost, and tops-up a regular fgure every 
week: 

“At the moment it’s twenty pound but in the summer it’s not even fve.” 
(F1:1:A) (gas) 
“The electricity it it’s not that much, that’s probably ffteen pounds, if 
that. It depends if I’ve had the tumble dryer on because that would use 
a lot of the electric as well.” (F1:1:A) 

Checks the meter occasionally to see how much credit is left: 

“Sometimes I do. I just have a little look just to see. Yeah, I do check 
it like that just to see where we are, and I have thought oh gosh that’s 
lasted” (F1:1:A) 

She refects on her previous spending and how far the money went to help her predict 
Budgeting her future consumption. She likes the spending to be consistent as it helps her to 

manage the family’s fnances. Her consumption varies little week-to-week (only 
affected by weather) and having predictable consumption allows ‘planned’ top-ups. 

She builds up credit in the summer to budget for the winter: 

“Yeah, it is about 15 or 16, that I use. Because every week I’ll put 30 
pounds in, and then obviously I’m always left over but I’ll keep putting 
it in so come the winter...” (F1:2:A) 

She prefers prepayment to Direct Debit even though she knows the tariff is more 
expensive: 

“I prefer it this way because I can see what I’m spending.” (F1:1:A) 

Prepared to change behaviour to reduce cost and, now the fat is warmer after the 
retroft, she can avoid using the tumble drier: 

“I’m probably...the only electric I’m probably saving is not using the 
tumble dryer as much because it’s so warm in the house I can dry it in 
the house rather than put it in the tumble dryer so I’m saving the electric 
on that” (F1:2:A) 

Non-negotiable But there are limits to change, for example she would not cut out Sunday roast dinner 
lifestyle — “Oh goodness me, no.” (F1:1:A). 

The super-insulation changes made to the house (as part of the earlier project with 
this participant) she claims have made no noticeable change to her energy use. She 
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would notice such a change by a change in weekly spending on the credit meters. It is 
possible the effect has been simply to increase the temperature in the fat and reduce 
draughts, as she complains elsewhere in the interview of the fat now being too hot in 
summer since the insulation was completed: 

“I’m quite conscious about by saving the energy anyway so I haven’t...I 
can’t say I’ve noticed a difference” (F1:2:A) 

However she does say her spending on heating has been reduced following the 
building work, so there is a disparity here: 

“Although I have saved I haven’t noticed. Do you know what I mean. 
That probably doesn’t make any sense, but I know that I’ve put less 
in. So the expenses just get swallowed up somewhere else, I assume.” 
(F1:2:A) 

Dimensions 
F1 DIMENSIONS 

She has a very good understanding of their consumption which she has developed 
through experience. 

She aims for a consistent weekly spend (cost). Adjusts the amount she puts on the 
meter according to season. 

Weekly cost-based budgeting but she deliberately overpays in the summer months Forecasting / 

to build up credit for the winter. But she has a good idea how much the winter spending budgeting 

will be so doesn’t let the credit build up too much. 
She is conscious of energy consumption but contends that little can be done to Consume and pay 

conserve more — it is just part of everyday life. She has determined a level of spending 
(cost) with which she is content and leaves it at that. 
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Participant F2 

Profle 
F2 PROFILE 

Participant F2 is a retired couple living in a 2-bedroom fully-insulated fat. They have 
grown-up children who visit them most weekends. 

They budget in terms of cost and pay for gas and electricity by monthly Direct 
Debit. The main factor affecting their energy cost is heating. 

Narrative 
F2 NARRATIVE 

Participant F2 seeks to avoid waste, such as part-drying clothes washing in the 
bathroom before putting it in the drier: 

“till it’s what’s it enough to go in the dryer. I’ll... I wouldn’t waste my 
electric on wet stuff, I’d rather dry it.” (F2:1:D) 

Explaining She is able to refect on spending and come up with possible explanations for past 
consumption usage: 

“Oh, it would probably be either the washing machine or the dryer. If 
it’s a Saturday, I’d be making tea all day so the kettle...” (F2:1:D) 
“Yeah, Thursday and Friday, I think I would do...say put an extra wash 
in. Had the kids in.” (F2:1:D) 

Forecasting consumption is based on her experience: 

“’cos you know with the summer and that, longer nights, you don’t 
usually use the electric that much” (F2:2:D) 

Approximating spend is suffcient for his needs (no need for decimals on energy 
display): 

“say each one of them is a pound, there’s seven bars there so that’s 
seven quid. So it’s going to be less than seven quid” (F2:1:C) 

Gross cost Equates the tariff with being the Direct Debit amount. He has no interest in the 
detailed breakdown, only the monthly cost. Happy to overpay on the monthly Direct 
Debit to ensure they stay in credit, and wait for a refund from the supplier. 

She is confused by the CC display when switching on appliances, especially the 
kettle (c.f. Box 5.1) 

“I don’t really understand it. But I do know when I use different things 
that shoots up. The washer does the same thing.” (F2:1:D) 

Her reaction to the kettle spike on the CC display showing her apparent consumption 
as being £157 per month concerned her: 

“Well I look at it, and to be honest I tend now to switch most my plugs 
off.” (F2:1:D) 
“I turn all the switches off of a night now. Even in the sockets, they all 
go off” (F2:2:D) 
“The dryer, I stopped the dryer, I don’t dry so much with the dryer.” 
(F2:2:D) 
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She liked the information presented on the energy website but wanted to ratify the Trusts own 

data before trusting it. She wants to understand what it means by contextualising it: experience 

“So what I’ll have to do is, if we put the heating on I’ll put it in a book, 
and have a look.” (F2:1:D) 

Having the CC display has encouraged her to think more about their energy usage: 

“Yeah I do tend to think more.” (F2:2:D) 

Dimensions 
F2 DIMENSIONS 

This couple have a good tacit understanding of their energy use. Their priorities are 
keeping warm and staying within pre-determined spending limits. 

The biggest impact on their energy spend is cost of heating. Their occupancy Consumption is 

pattern is fairly constant, and although the presence of the grand-children increases consistent 

their energy use, that is a regular event so is taken care of by their existing budgeting. 
Regularly checks bills looking for anomalous spending. 
They do think about energy, and they made small changes to avoid waste: easy Minimise effort 

changes which did not require much effort. 
Prefer to maintain the status quo — e.g. no desire to switch energy suppliers: they 

are happy with their existing cost and see no reason to change it. But they express 
annoyance with the supplier taking more than they need to per month, as it makes it Lack of information 

hard to track actual usage which is what they would like to know. 
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Participant F4 

Profle 
F4 PROFILE 

Participant F4 is a single mother in her 20s with a young daughter, living in a 2-
bedroom fully-insulated fat. 

Her routine is frequent cleaning up after her daughter to keep the fat clean and 
tidy. Washes clothes twice a week. Uses a tumble dryer but most clothes hung up to 
dry in the bathroom. 

Narrative 
F4 NARRATIVE 

Has developed an awareness of her electricity and gas consumption. Initially based 
on the last place she lived, and then adjusted through experience. 

“I just fgured it out because of the last place that I lived at.” (F4:1) 
“I just put ten pound on every two weeks. On the gas and electric.” 
(F4:1) 

Monitors the credit against how long she expects it to last, by looking at the supply 
meters: 

“I always keep an eye on the screens on them both. But they always 
have how much is on there.” (F4:1) 

Uses experience Uses her experience of how long credit will last, accounting for how much she thinks 
she has been using: 

“I always make sure there’s more on the gas than there is the electric. 
Because of like the heating and the hot water.” (F4:1) 

Only checks the credit if she thinks she has used more than normal. Aims to maintain 
a minimum level of credit on the meters:: 

“I will check it to make sure it don’t go below a certain amount.” (F4:1) 
“If it goes below 40 then I’ll put like fve ten pound on, to build it back 
up.” (F4:2) 
“if it’s below a certain amount then I’ll go to the shop, top it up even 
more” (F4:2) 

Budgeting Otherwise she does not bother checking it: 

“No need to look.” (F4:1) 
“No it’s more I wanna make sure it’s there in case it does get really 
cold. At least then I know I’ve not got to worry.” (F4:2) 

Only interested in whether she is using less than her self-determined budget (i.e. the 
level of credit she maintains): 

“Defnitely less than fve.” (F4:1) 

Explaining Able to refect on usage spikes and explain them based on domestic routine: 
consumption “’Cos it’s on a Friday so the washing as well.” (F4:1) 
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She has learned appliance usage from the main meter. 

“Because I have noticed sometimes if you use the hobs and the oven or 
the grill the electric gets used up more. And then it’s like the same with 
the drier, like the washing drier it goes up.” (F4:3) 

Knows her expected spend and has practices in place to avoid having to think about 
energy. Asked if energy was an issue in her life, she said: 

“It’s not.” (F4:2) 

Dimensions 
F4 DIMENSIONS 

Her daily routine revolves around her daughter — to and from school, meal times, 
etcetera. 

Ensures credit on the gas and electricity meters is to suffcient to avoid running 
out. Set a budget based on initial educated guess and adjusted through experience of Budgeting by 

living in the house (3.5 years). Now she only adjusts it for winter/summer variation in experience 

gas usage, otherwise she does not think about it. 
She only checks credit remaining on gas and electricity every two weeks, as 

she knows how long it will last and her usage is predictable. Only affect on her 
consumption is seasonal weather variation on gas; electricity is constant all year 
round. 

She is not interested in detailed breakdown of consumption, just whether it is less Little interest in 

than budget. energy 

Not interested in energy conservation — she is comfortable with her level of spend. 
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Participant F5 

Profle 
F5 PROFILE 

Participant F5 is a young couple in their 20s living in a 2-bedroom fully insulated fat, 
with two very young children. 

They pay for their energy using prepayment meters for gas and electricity. 

Narrative 
F5 NARRATIVE 

She washes two loads of clothes twice every day, sometimes three if bedding is being 
washed. She wants her children to always be in clean clothes. Dries clothes by hanging 
them up inside the fat. 

Has a Utilita IHD but she does not trust some of the information it displays (see 
Existing Figure 6.1): 

understanding “it lies about the days.” (F5:1:G) 
“Like for example, I’ve got four days left. I haven’t. I’ve got less than 
four days left.” (F5:1:G) 

Figure 6.1: Participant F5 using Utilita IHD showing how long her meter credit will 
last. 

Uses the ‘emergency’ credit facility as a buffer: 

“I use the emergency and then pay it [off]...what I’ve used off my 
emergency I just pay that.” (F5:1:G) 

She tops up the electricity with £5 or £10 — fve pounds lasts them about a week. 
Gas she tops-up £5 every three days (in November 2016). 

“I pay it when I need it.” (F5:1:G) 

In practice, she does not use the IHD as she believes it uses electricity (on mains 
power) and she can get the same information from the supply meter. 

Turns the water temperature down to save gas: 
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“Turned it down to the point where it’s good enough for a baby to 
go inside the water. That’s how warm...I’ve turned the whole [...] 
completely down.” (F5:2:G) 

Asked about the importance of energy to her, she said: Cost conscious 

“Well money-wise yeah.” (F5:2:G) 
“Save costs...well I couldn’t do more, I did turn everything down.” 
(F5:2:G) 

Dimensions 
F5 DIMENSIONS 

Her children come frst. Her home life revolves around making sure they are washed 
and have clean clothes every day. She describes her routine as “constant cleaning” 
and clothes washing. She likes to keep the house warm and clean for the health of 
her children. ‘Hygiene’ is more important than cost: the children sometimes have two Non-negotiable 

baths a day. She considers this non-negotiable. consumption 

Keeping her children clean, clothed, and well-fed is more important to her than 
managing energy. 

Not interested in environmental issues. Recycles waste because that is expected 
social behaviour. 

Spending on energy is a necessary cost, and she has no options left for conservation Energy curtailment 

so the only means of reducing energy consumption further is through curtailment. 
Her budgeting is to avoid self-disconnection, which happens occasionally. She 

treats this in a matter-of-fact manner and is not worried if their credit runs out as the 
supplier will give them advance credit. 

She uses the information resources she has available — Smart Meter display and 
supply meter — to monitor and manage her spending on gas and electricity. 

Although the Smart Meter will display an estimate of how long the meter credit Trusts own 

will last she prefers to trust her own judgement rather than the Smart Meter’s IHD judgement 

estimate. 
While the IHD provides some information on their past consumption it is not of any 

interest to them — it has already happened (historic) and they feel unable to reduce 
consumption further. 
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Participant F6 

Profle 
F6 PROFILE 

Participant F6 is a family of three young people in their 20s, living in a 2-bedroom 
fully-insulated fat. The family consists of sister and younger brother, and the sister’s 
boyfriend. The sister, being the eldest, controls the fnances for the household. The 
brother is the respondent in the interviews. 

Energy is paid for by monthly Direct Debit. 

Narrative 
F6 NARRATIVE 

Participant F6 is energy conscious but thinks in terms of money: 

“there’s no need to waste money if you don’t need to” (F6:1) 

Reducing waste They try to avoid wasting energy by simple to implement conservation measures such 
as avoiding use of the tumble drier, preferring to dry clothes by hanging up indoors, 
and switching off lights. 

The sister budgets for their energy use, but again it is more associated with reducing 
‘waste’: 

“I think my sister does, does a little bit, like you’re not allowed to put 
the tumble drier on unless it’s an emergency, sort of thing. Just to keep 
the leccy down.” (F6:1) 

He is able to refect on usage and explain past consumption, but says that historic 
information is not very helpful: 

“’Cos by the end of the month you’ve already spent that much money 
you think, oh!” (F6:1) 

Dimensions 
F6 DIMENSIONS 

This household is clearly concerned about spending money on energy and takes action 
to minimise avoidable usage. They dry clothes indoors to avoid using the tumble 
dryer. 

Occupants have different work patterns but always eat together in the evening as 
Lifestyle a family. Occupancy has only a limited impact on the energy use since the fat was 

super-insulated (heating is rarely switched on now). 
Family buy-in Energy cost is monitoring by monthly bills and the whole family take responsibility 

for keeping the cost down (by avoiding waste). 
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Participant H25 

Profle 

Participant H25 is a retired lady living with her husband in a 3-bedroom 1950s semi-
detached house which has been retroftted with external insulation to a high standard. 
They have lived there since 1975. 

She talks about their grandchildren in America. She is very proud of them, and 
family is obviously very important to her. She takes care of her husband, and takes 
pride in looking after his welfare. 

H25 PROFILE 

Narrative 

The main theme for this participant was budgeting behaviour and fnance. 
She pays for their energy quarterly in arrears on receipt of a paper bill, and has a 

good awareness of the approximate quarterly cost: 

“And our gas bill [...], we’ve just paid it actually, it was only 80 and I 
think that’s good.” (H25:1) 

H25 NARRATIVE 

Her last bill was lower than she expected, but she cannot explain why it was lower. 
Seemingly not because she cannot refect on her usage but simply because she does 
not wish to: 

“No I don’t, I don’t care, if you know what I mean.” (H25:1) 

She uses her experience of living in the house for so long to predict their bill cost (i.e. 
consumption). Winter-time she expects the cost to be higher due to increased space 
heating: 

“Well defnitely. It will be more won’t it.” (H25:1) 

Tacit knowledge 

But does not know by how much: 

“I don’t know. I don’t know. Probably more, more than what it is now 
because we turn it up you see. We’ll turn it up.” (H25:1) 
“I should think it’ll be a bit more than 82 83 or whatever it was. It’ll 
probably be in the hundreds.” (H25:1) 

Asked how she determined the forecast fgure, she said: 

“Oh because we’ll probably turn it up more, the heating, more. Because 
it’s winter?” (H25:1) 
“Yeah. Because we’d do more stews and casseroles in the oven.” (H25:1) 

So it is not just heating she thinks about but she is aware of what other activities and 
devices contribute to their energy consumption. 

Their consumption is predictable, and although she professes to not knowing how 
much their summer bills differ from their winter ones she clearly has a good idea of 
what to expect: 

“I just wait for it to come in. You know, I don’t think oh I can’t put 
that on because of what gas will be too high or anything like that. So it 
doesn’t bother me really at all.” (H25:1) 

Predictability 
/budgeting 
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She is not worried about the cost — their usage is known (from experience) and not 
subject to any variability other than the cold weather. Their lifestyle and consumption 
is consistent so she is not shocked by the bills: 

“No. No, not at all.” (H25:1) 

’Use and pay’ They are not profigate with energy use but nor are they frugal — they use what they 
need since they can afford to pay for it. 

“I don’t worry about it at all. No.” (H25:1) 

Expresses resistance to switching suppliers. Partly because she can not see any 
sustained saving: 

“I’ve learnt from what my kids have done and all that, you know, I 
just think it’s a waste of time to be quite honest because they’ll put it 
anyway, you know, make their money.” (H25:1) 

But also because she is content with the current level of spend, and current suppliers, 
so does not want the hassle, or risk (of the unknown), of changing: 

“when you listen other people’s that they’re with different people and 
that, and I think oh I’m quite happy with these.” (H25:1) 

She values their ability to manage their fnances and is proud of their achievements: 

“We’ve always been people if you wanted anything you saved for it 
frst, and then got it. Well we had fve children and you know, we’ve 
never owed anybody a penny.” (H25:1) 

Her ethos is best summed up by: 

“So long as I’ve got enough money to pay my bills and food, that’s all 
I’m worried about.” (H25:1) 

Not seeking 
information 

She has clearly developed a very good understanding of their consumption, and the 
factors which affect it, which she has learned through experience. She expressed 
little interest in using the CC monitor (which was gathering dust on top of the fridge), 
possibly because additional information will not help increase her knowledge of her 
consumption further — she feels she already knows what she needs to know to be 
able to manage her energy. 

Dimensions 
H25 DIMENSIONS 

Experiential 
knowledge 

Priorities 

Usage is predictable 

Has no interest in energy feedback: she relies on her existing knowledge. 
She has a very good awareness of her energy costs developed through experience. 

Budgeting is by cost not energy. 
Their pensions are suffcient to meet their needs and they budget their spending 

through experience. 
They use the energy they want, and just ‘pay the bill’. Health and comfort are more 

important than conserving energy. 
Their energy consumption is predictable to the point she does not even think about 

the cost. She checks the bill when it comes in (she has all the bills for the past 40 
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years in a cupboard) but if it is roughly what she expected then she just pays it and 
forgets about it. 

The weather affects their consumption in terms of space heating but they do not 
worry about it — they just pay the bill. 

She would investigate if the bill was higher than she expected but she has no desire 
to investigate any under-spend. 
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Participant P52 

Profle 
P52 PROFILE 

Participant P52 is a couple in their 30s living in a 3-bedroom 1930s house with cavity 
walls. The house is end-terrace with a rear extension to make a large kitchen-diner. 
They spent several years refurbishing the house before they moved in, to insulate and 
modernise it. 

Coding 

P52 CODING 

Examination of the codes for Participant P52 shows a clear interest in energy in-
formation/feedback, with energy behaviour as a secondary characteristic (see Figure 
6.2). 

Figure 6.2: Coding occurrence for Participant P52. 

Narrative 
P52 NARRATIVE 

Participant P52 is very interested in making his house energy ‘effcient’. He equates 
energy effciency with being ‘green’: 

“we started doing the house up and we were trying to make it green and 
effcient” (p52:1) 

Having refurbished the house with major improvements to the building’s fabric (e.g. 
a high standard of thermal insulation, and installed a computer-controlled heating 
system), he has an expectation this has made his house energy effcient. However, he 
is unable to measure the effectiveness due to: (i) lack of an initial baseline, (ii) lack of 
energy consumption feedback: 

“it would be quite useful to see, having done all that work, is it perform-
ing as it should be.” (P52:1) 

In spite of this lack of feedback he believes his consumption is reasonable. Thinking 
about his energy bill, he said: 

“I don’t think it’s too bad.” (P52:1) 
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Interestingly, he describes his usage as “not bad” rather than, for example, good. 
This might show a different way of thinking, such that he is not necessarily seeking 
goodness, he just wants to know that his consumption is perhaps average. One 
explanation might be he is simply looking to justify his existing level of consumption, 
and is not actively seeking reduction: he talks in terms of “effciency” which he means 
in terms of minimising waste, rather than reducing consumption. 

He is prepared to make lifestyle changes but only if they are quantifable (i.e. Expectation of 

they can be assessed as acceptable). For example, they switched to cooking meals in reward 

advance for the week ahead as he believed an energy saving would result. 
To measure the effect he suggests the only information source he has is gross 

metering on the energy bills: 

“I guess I’d just be able to go back over old bills and see what we came 
out to before and after.” (P52:2) 

Wants a tangible return for effort expended. For example, he considered that not 
having a shower every day might be a change which would reduce consumption, but 
“I think it’s not worth the effort” (P52:2). 

He made small changes to consumption ‘on spec’ (i.e. without knowing what the 
outcome would be) then looked for feedback. 

He does not know how he might signifcantly reduce his energy use: 

“I don’t really know how we could reduce it further, whilst kind of 
maintaining a level of...at least a remote sort of comfort level, not just 
turning the heating off.” (P52:2) 

Believes they are energy effcient and not wasteful: 

“We’re pretty good at making everything switched off at night, so 
television’s switched off at the...nothing stays on standby.” (P52:2) 

Heating thermostat is set to 18 degrees Celsius downstairs, and 13 degrees upstairs Thermal comfort 

because, “We don’t want it too warm in the bedroom” (P52:1). At the time of the 
meeting the room temperature was 15 degrees and the participant was wearing his 
morning gown over his clothes (which he said is normal apparel when he is working 
from home). If cold of an evening they will normally “put the blanket on” (P52:1): 

“literally we have a blanket in the front room and if we’re cold we put 
the blanket over us.” (P52:1) 

He suggested a normative comparison based on geographical area (i.e. similar housing 
stock) might be helpful: 

“if you knew that everyone in our area was at two hundred pounds and 
you were a hundred pound a month then actually you’re quite cheap, 
but if everybody else is only paying ffty pounds and you’re paying that 
then that’s going to be quite a lot” (P52:2) 

This corroborates his claim that he is seeking energy feedback just to know how the 
energy measures in his house are performing rather than to try to reduce expenditure. 
He has determined a level of spend with which he is comfortable, and is only looking 
for anomalies. He is still open to looking for reduction measures — just that it is not 
a pressing driver. 
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He is seeking information feedback to gauge the effciency of his heating system, 
but acknowledges he has no baseline to compare against, so he has considered social 
normative comparisons: 

“we don’t really have a benchmark to go from to see how well we’ve 
done: this is all we’ve ever known.” (P52:1) 
“It will be interesting to see based on similar properties whether it is 
giving that saving or not.” (P52:1) 

The IHD has an ambient visualisation (traffc lights — red, amber, green) which he 
fnds useful, but: 

“I was just thinking actually I guess it depends what they deem as high 
medium and low.” (P52:1) 

He says that an IHD needs to be at the point of consumption: 

“cos it’s where it is [next to the hob in the kitchen] when the oven’s on 
or the kettle or coffee machine’s on you do kinda glance at it and see oh 
it’s high again or something.” (P52:2) 

Through using the CC monitor he had a self-developed awareness of his baseline 
Awareness of consumption — at a point in meeting two he offered a fgure of “300 and something 

baseline watts” (P52:2) for his instantaneous consumption: the actual fgure was 325 watts3 

Although he believes that level of consumption is “pretty good” he is seeking 
comparative information — “I’d be interested to know what other people are using.” 
(P52:2). 

He has clearly developed a very good awareness of how much energy his devices 
consume, and was able to quickly list all equipment currently consuming electricity: 

“I mean I can work why it’s 300 watts. We’ve got all the lights on in 
here, these are 7 watts a piece, those ones [adjoining kitchen area] are 
11 watts a piece, I’ve got the laptop on, charger’s going, and then there’s 
the internet, the switch and everything that’s on in the attic and then all 
the the heating stuff that’s on. So. . . and the fridge freezer. That’s pretty 
much it. So I pretty much know everything that’s on.” (P52:2) 

Dimensions 
P52 DIMENSIONS 

Participant P52 shows environmental awareness and deliberately chose a ‘green’ 
Environmental source energy supplier. He was attracted to Ecotricity by their green credentials, and 

conscience one-size-fts-all tariff. Went dual fuel for “simplicity” (P52:2), and likes the ‘single 
tariff’ idea for the same reason. 

Comfortable with his level of energy expenditure — ‘high’ or ‘low’ is not of 
Budgeting concern, providing he is comfortable with the level of spending. As long as it does not 

exceed his self-set budget of £100 a month the precise amount is not that important. 
He is seeking normative comparisons to see how he compares. Views consumption 

as a given (“it is what it is”). Believes that once you have optimised your consumption 

3 These fgures place him in the ‘medium’ usage band for electricity use, according to industry 
Typical Domestic Consumption Values (TDCV) (Ofgem, 2017). 
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as much as you reasonably can, all you’re left with is to see how you compare to other 
people. 

Has developed simple conservation practices such as heating just the room they 
are going to use rather than the whole house. 

Fits energy saving measures when fnances allow. Prepared to invest in new 
equipment which he assumes will improve his overall energy consumption. 

Looking for informatics that does not require constant attention — he only wants Anomalous 

to be made aware of events (e.g. consumption level) which fall outside of self-set consumption 

parameters. 
Recognises there is a trade-off between comfort and saving energy — heating is Comfort vs. energy 

the largest expense and he cannot just turn it off. trade-off 

He thinks that family buy-in to energy conservation measures is important, espe-
cially if lifestyle changes are involved. 



102 P E O P L E A S AC T I V E S E N S E - M A K E R S : C H A R AC T E R I S AT I O N O F E X I S T I N G P R AC T I C E S 

Participant P53 

Profle 
P53 PROFILE 

Participant P53 is a female in her 60s with a professional offce-type occupation. She 
owns her house which is a recent-build detached 3-bedroom house with gas-fuelled 
central heating. The kitchen and dining-room are open-plan, and the room felt cold to 
this researcher: it was 16 degrees Celsius which she said was its normal temperature. 

She has lived there for two years, and lives by herself. She has grown-up children, 
and often has her grandchildren stay with her for the weekend. 

Coding 
P53 CODING 

Examination of the codes for participant P53 indicates signifcant interest in energy 
behaviour and feedback (see Figure 6.3). This is illustrated in the following narrative. 

Figure 6.3: Coding occurrence for Participant P53. 

Narrative 
P53 NARRATIVE 

The codes for participant P53 show that she has very good awareness, developed 
through experience, of her energy consumption with highly developed beliefs about 
her usage. She has reduced her energy usage not just for cost savings but also for 
environmental reasons: 

“It’s not just the saving money side of it, but it’s also trying to be as green 
as you can, so that you don’t affect the environment too adversely.” 
(P53:1) 

Benefts of energy But she contends that energy is a resource to be used and energy consumption is 
inevitable for modern living. Some things are non-negotiable: 

“if you need to cook your dinner, you cook your dinner, you don’t think 
‘oh no this is going to cost me 55p’ or whatever. You have to live.” 
(P53:1) 

Thus energy use becomes a balance between not using any (environmentalism), and its 
benefts (lifestyle). Whether energy conservation behaviour is driven by environmental 
considerations or for cost reasons is a moot point: 
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“I mean to be honest, at the end of the day, you know it is being 
environmentally friendly but the bottom line is it’s saving me, or 
hopefully saving me, some money, at the end of the day. Which enables 
me to do other things with my life.” (P53:2) 

Now that she has lived in the house for a couple of years she has developed an 
empirical understanding of the house’s characteristics and the energy required to use Sense-making over 

appliances (e.g. television) and undertake lifestyle activities (e.g. washing, cooking). time 

“I’ve got a pretty good idea of, you know, what I use and what I don’t 
use, and what I need to use and what I don’t need to use, so I just let it 
kind of rumble along.” (P53:2) 

She actively manages her usage and seeks to reduce consumption wherever possible, 
such as turning off lights when not in use, unplugging devices on standby, etcetera. Conservation 

‘Management’ in this sense includes the act of understanding where energy is being behaviour 

used even if there is little practical control over it (non-elective baseload such as 
fridge, etc.): 

“I think I am pretty economical, I don’t think there’s much that I can 
do to cut it down [...]. I don’t leave things switched on or in standby” 
(P53:2) 

This also exemplifes her attitude to energy conservation which is centred around 
avoiding waste, and maintaining consistency (predictability) of energy use: 

“I don’t like heating my house too much, and wasting heat in that sense. 
I’d rather put a jumper on than make it hot.” (P53:1) 
“I just try not to waste electricity by boiling kettles full of water that I 
don’t then use, and things like that.” (P53:1) 
“I don’t like to be profigate” (P53:2) 

She is seeking information on her consumption not to tell her where to save energy, Feedback 

but to provide feedback on existing behaviours and conservation measures to see how 
she compares to what might be expected: 

“I like to think that I’m pretty au fait with what’s going on with my 
energy but it’s always nice to have some kind of feedback and something 
really more concrete in how things are going.” (P53:1) 

Having reduced consumption as far as she thinks she can go the only way to realise 
further cost savings is from a cheaper energy tariff. However, she mistrusts the Trusts own 

energy supplier’s calculations, and prefers to use her own judgement rather than judgement 

price-comparison websites: 

“[I] try and make my own judgement rather than looking at the analysis 
which doesn’t seem to ever make sense for me.” (P53:1) 

She recognises that appliances are not used in isolation but are usually part of an Activity consumption 

activity, so she was interested to see how much ‘breakfast’ cost in terms of kilowatt-
hours. Thus, having looked initially at appliance measuring, she moved on to using 
the CC monitor for more complex, activity-based, scenarios. 

Measuring activities can be diffcult as it is diffcult to isolate appliances: 
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“Although when I’ve got the microwave on and I’m cooking or even 
on the oven if I’ve got the oven on, [...] how can you measure it over 
time when you know that damn fridge is going to click in sometime.” 
(P53:2) 

Subsequently she developed an interest in the CC display of daily kilowatt-hour values. 
Self-developed Unprompted, she started keeping a written log (on paper sheets) of these consumption 

resource values for the previous day (see Figure 6.4), and refecting on them:4 

“It’s usually 2 or 3 per day and then when I get to the weekend it’s 
higher because I’m here all the time” 5 (P53:2) 

(a) (b) 

Figure 6.4: Manual record of consumption readings maintained by Participant P53. 

Her self-developed understanding means she able to refect on and explain unexpected 
consumption: 

“I usually know why it’s gone up if it’s gone up” (P53:2) 

Refecting on past She used her daily record to monitor, and refect on, the previous day’s consumption, 
usage but also to enhance her understanding: 

“Let’s just see if we can make some kind of prediction based on what 
I’m actually doing.” 6 (P53:3) 

Energy consumption displays (such as Smart Meters and the CC monitor) can be a 
source of stress: 

“It gets a bit scary sometimes and you think it is what it is, I’ve not been 
wasteful with anything, I haven’t left things on that I shouldn’t have 
done, I’ve got to keep the fridge running, I’ve got to keep the heating 
on, I’ve got to wash my clothes.” (P53:2) 
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Dimensions 
P53 DIMENSIONS 

She tries to be “as economical as possible” (source: P53 questionnaire) with energy 
to save money and also to reduce her environmental impact. 

She has only recently moved into a type of house (detached) of which she has no 
previous experience so she is unclear on whether her current bills are good or bad. 

Has good understanding of her energy consumption and is able to describe the 
factors which affect her consumption (primarily weather and when family visit). 
She has spent some time building knowledge of the amount of energy consumed Tacit knowledge 

by appliances and by domestic activities7 and believes she is economical with her 
consumption — “I think I’m reasonably economical with things” (P53:1). 

The largest external infuence on her consumption is the weather (external temper-
ature) — other factors she has reduced/managed. Her consumption is ‘low’8 so she 
notices small changes in usage — such as the grandchildren visiting — which might Family infuence 

not be observed by other people with higher average consumption. 
By managing consumption she manages cost, and seeks stability in spending (e.g. 

she prefers to pay the same amount every month to even out seasonal differences). 
She has her energy spending under control and monthly budgeting is not an issue. 

She believes she has reduced her consumption as far as practical: to her, making Reducing waste 

reductions is about minimising waste. 
Energy is a trade-off between saving money and the benefts that go with modern 

life — “I’m just careful and I just think [. . . ] it is what it is.” (P53:1) 

4 She continued doing this until the CC monitor was removed in December 2019. 
5 It is informative to note that she refers to ‘units’ rather than the kilowatt-hours with which the 

chart is labelled on the CC display. 
6 In context, by ‘prediction’ she meant attempting to predict what her usage would be for the 

current day, based on her expected occupancy and activities, and then checking the following 
day whether she was correct. 

7 She has previously used an E.ON Smart Meter IHD. 
8 As per industry Typical Domestic Consumption Values (TDCV). (source: Ofgem, 2017) 

Baseline reading observed by researcher was around 125 watts, which is very low. 
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Participant P54 

Profle 
P54 PROFILE 

Participant P54 is a single male in his 30s with a professional occupation. Owns his 
house which is a typical post-war semi-detached 3-bedroom house with gas-fuelled 
central heating. The interviews took place in the living room and it was interesting to 
note he intuitively shut the room door behind us. 

He knew his annual energy bills for gas and electricity without having to look them 
up. He is interested in his energy consumption because he wants “To be more energy 
effcient” (source: P54 questionnaire). 

Coding 
P54 CODING 

The data for Participant P54 codes strongly for the themes of ‘energy consumption’ 
and ‘energy information’ (see Figure 6.5), refecting his desire to better understand 
his energy consumption and thence look for effciency gains. 

Figure 6.5: Coding occurrence for Participant P54. 

Examination of the subcodes for the ‘energy information’ code group shows a clear 
response in the sub-codes for ‘learning’, ‘personal refection’, ‘self-comparison’ and 
‘use of technology’. Furthermore there is a noticeable distinction between meeting 1 
and meeting 2, with most of the interest being detected in meeting 2. The inference 
from this is the use of CC display prompted him to refect on his consumption in order 
to build on his understanding of his energy usage. (The CC was installed at the end of 
meeting 1, and had been in place for four months by the time of meeting 2.) 

Narrative 
P54 NARRATIVE 

The main fndings from the coding for participant P54 are this is a person who is 
thinking about cost and comfort trade-off. 

He has an awareness of the environmental impact of energy consumption, but that 
seems to be more a driver for engaging with energy than an end-result in itself: 
reducing cost of energy consumed is the primary aim with environmental benefts 
being secondary. Seeking to manage his energy cost: 
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“I am quite energy-effcient in the sense that I do try to reduce the bills, 
and also reduce the carbon footprint as much as I can.” (P54:1) 

He has a variable occupancy pattern in terms of the time when he comes home from Comfort 

work. He installed the Hive heating control system9 specifcally so he could control 
the heating system (using his smartphone) before he gets home. The original intent 
behind the purchase of Hive was to reduce consumption, but in practice he used it to 
improve personal comfort rather than energy saving: 

“it was bought to reduce the bill. But when I got it it became sort of like 
comfort.” (P54:2) 
“It’s more sort of for comfort I would say I got it rather than...there was 
a bit of energy saving element in there but most I would say comfort 
that I got it.” (P54:2) 

He accepts there might be a trade-off between comfort and cost: 

“Not living the highlife but at least you can come home to a warm 
home.” (P54:2) 

Energy conservation is centred around monthly budgeting: Conservation 

“I’m cautious about how much energy I’m using but realistically at the 
end of the day I’m just concerned about what goes out of my bank each 
month.” (P54:2) 

He pays a fxed monthly amount for energy but has a self-developed understanding of 
why the actual monthly consumption varies. He thinks in terms of two timeframes: 
annual for total consumption, and monthly for cost budgeting. 

He has an understanding of what he expects his consumption to be and monitors his 
monthly consumption for any deviation from his forecast. Anomalous consumption is 
acceptable provided he can he adequately explain the reason to himself: 

“So yeah that’s why also the bills were high because I was running it at 
night-time just to ensure that I don’t get any frozen pipes” (P54:2) 

He has measured his base-load consumption but is unaware whether the fgure 
obtained is good or bad since he has no comparative information. He is aware his Lack of information 

annual consumption is ”around 2,000 for electric and around 8,000 for gas” (P54:2), 
but does not know if that is good or bad.10 In the absence of comparative fgures he 
has determined his energy consumption “is what it is”. Rather than being stressed by 
the lack of knowledge he decided to be unconcerned. 

“I’ve got nothing to compare them with. So it is what it is.” (P54:2) 

He is interested in monitoring his energy consumption and has previously used a 
spreadsheet to monitor his usage/cost by manually recording his meter readings every Self-developed tool 

month and comparing them to the energy bills: 

“I have got my own Excel fle that I’ve made, and I get the readings and 
then try to do all the...I’m quite analytical in that sense.” (P54:1) 

9 From Centrica Hive Limited. 
10 These fgures place him in the ‘low’ usage band for both gas and electricity, according to 

industry Typical Domestic Consumption Values (TDCV). (source: Ofgem, 2017) 
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However, he says that only goes so far: it is good for monitoring fnancial spend, but 
helps little with detail on where precisely the energy is used, so he is seeking more 
detailed information: 

“I’ve always wanted one of those meters which, if I’m turning on the 
kettle I can fnd out how much it’s going to cost me.” (P54:1) 

Technology friendly: 

“I’m quite a geeky kind of guy, I do like everything to be ‘smart’: 
hooked to my phone.” (P54:1) 

Found the CC monitor useful, but became concerned at the amount of electricity 
the CC display reported and he found it stressful to be constantly nagged about his 
consumption. Subsequently he positioned the IHD so he can glance at it but not so he 
sees it all the time: 

“I put it at my bedside at the start and then I would like fnd I can’t do 
anything. Then I would like put it in the kitchen where I can only see 
every now and then” (P54:2) (emphasis in original) 

He then began using the historical graphics on the IHD to identify consumption 
patterns. Particularly with regard to daily activities, and he refected on the activit-
ies/events which consume energy: 

“initially I was just curious to know okay how much it’s gonna cost me 
in terms of pounds and pence if I was to run my heating on for one hour, 
if I was to do my washing machine.” (P54:2) 

He was informed and surprised by some of the measurements: 

“I didn’t know the washing machine would be using so much. Things 
like kettles and coffee machines fne you would expect it but washing 
machine, I for one didn’t expect it was that energy consumption was so 
high, it could be that my washing machine is quite old.” (P54:2) 

He compares appliances on a relative scale (e.g. oven > washing machine > kettle). 
This scale is adjusted over time as new knowledge is added. 
A detailed breakdown of the consumption was not required — provided he can explain 
the usage with a reasoned guess at the contributing appliances and activities then that 
is satisfactory: 

“One thing I quite like in there that it gives me like morning, afternoon, 
evening charts. So I found that quite interesting, morning and afternoons 
are quite fat, they’re just two bars, in the evening they’re four or fve 
bars.” (P54:2) (discussing the CC display) 
“it would have two bars on weekdays, in weekends it would have three 
four bars maybe fve because I could be doing things like my washing in 
the afternoon, my ironing in the afternoon, heating might be on during 
the afternoon, whereas during weekday it would be off.” (P54:2) 
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Dimensions 
P54 DIMENSIONS 

P54 is interested in energy monitoring and tracking his consumption. He is technology-
literate and likes the convenience of controlling his home heating system from his 
mobile phone. Has a good understanding of where/when/how his electricity and gas 
is used. 

Actively manages his energy cost, but only as a minor activity. Has few options 
for energy conservation, and curtailment is not considered. Electricity cost is a sunk 
(fxed) cost. 

Wants to manage his energy consumption — not necessarily change it. He wants 
simplicity and seeks to minimise the effort required in managing energy. 

His main objectives for energy management are control of cost. Cost budgeting 

The largest factors affecting his consumption are his occupancy pattern and the 
external temperature. 

He thinks in terms of cost and monitors bills and tries to explain any anomalies. 
Happy to let a credit balance build up to smooth out seasonal variation in cost. He is 
less concerned about the amount of energy consumption than it being a fxed monthly 
cost. 
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Participant P56 

Profle 
P56 PROFILE 

Participant P56 is a married woman in her 30s living with her husband in a post-war 
terraced house, with modern double-glazed windows. She is a university lecturer with 
family income around £65k a year. 

Heating is gas-fuelled condensing boiler, with a supplementary small gas fre in the 
sitting-room. Additional to the standard electricity meter, they have an ‘Economy 7’ 
electricity meter but there is no longer anything connected to it. They rent the house 
but are responsible for all the bills. Halfway through the study they had a baby boy. 

Coding 
P56 CODING 

The coded data for Participant P56 suggests a strong interest in energy behaviour and 
information feedback (see Figure 6.6). 

Figure 6.6: Coding occurrence for Participant P56. 

Narrative 
P56 NARRATIVE 

Participant P56 has a self belief in their energy consumption: 

“I don’t think it’s so bad” (P56:1:U) 
“I have the feeling that we are more or less average I think.” (P56:1:U) 

She monitors the cost of her energy consumption to keep within self-determined 
Achievable goals spending limits. Wants to reduce the monthly spend to a proposed fgure of 50-60 

pounds per month (from the existing 67 pounds per month). Has no justifcation for 
the reduced value other than a belief, based on experience, that it could be achievable: 

“now we have credit, so we should be paying less than we are paying” 
(P56:1:U) 

Lack of feedback Energy conscious and does not leave appliances on standby, but unable to quantify 
the beneft of that course of action. 

“For example, one thing that we do is we unplug all the appliances that 
have standby, because that’s still consuming something, even if it’s a 
small quantity it’s consuming something” (P56:1:U) 
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“if you don’t have anything to compare to, in the end you don’t know 
how much you are saving by doing that” (P56:1:U) 

Considers it wasteful to leave lights on in unoccupied rooms and switches lights off 
when leaving rooms. Primarily this is to save money — “Money in the frst place but 
also energy. . . energy at the same time.” (P56:1:U) 

“I don’t want to have like lights on in the house if we are not using those 
spaces and I’m switching off all the time things.” (P56:1:U) 
“I mean we don’t heat up all the house at the same level. In order to try 
to save a bit.” (P56:1:U) 

Providing the energy has come from a renewable source she worries less about Consumption guilt 

consumption: 

“with the bill they would send you also the percentage of the energy 
mix. So how much was from renewables. Because that way you would 
say okay I’ve spent this amount but for example 40% is from renewables 
and nothing is from coal so you feel like a bit better.” (P56:1:U) 

She complains about a lack of consumption information on both her own historical 
usage, and against some sort of usage norm: 

“Just to have information, be more aware of how much I’m spending.” 
(P56:1:U) 

Although she is aware of the diffculties with using such comparisons she would like 
to compare their consumption against other households to see how they rate: 

“Yeah that would be great. Is it possible? I would love that, can I get 
that information?” (P56:1:U) 

Does not have enough historical knowledge to do self-comparative, so resorts to Lack of information 

normative comparison against other family member’s energy spend. 
Monthly direct debit billing hides actual consumption, unless you make effort to 

check (and understand) the bills. Lack of monthly bills (consumption) and a fxed 
monthly cost means she can not see monthly consumption amounts. 

“We have like a fxed amount that we are paying every month, and 
then depending if we have spent more or less we have credit. So in the 
end it’s a bit diffcult to see how much you are consuming every single 
month.” (P56:1:U) 

Does have access to online bills (which would show monthly consumption values) but 
does not regularly check them, partly because of the need to log-in to the supplier’s 
website. 

Claims she has less awareness of usage because of this and would prefer paper 
billing as it prompts you to check the bill without needing to access another source of 
information. Electronic billing discourages checking of expenditure: 

“Yeah you forget about it. And only when one day you say okay I’m 
just going to check it, then you check it. But not in a periodic way.” 
(P56:1:U) 
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Used the CC monitor to measure devices, and learned appliance’s consumption 
characteristics (such as the changing consumption of appliances with time e.g. the 
washing machine): 

“that’s been quite helpful to know the instant electricity consumption in 
my house so I have more control of that” (P56:2:U) 
“I didn’t think about that until I had this thing” (P56:2:U) 

Assumed reward Prepared to make behaviour change even if she can not see the reward. But is unable 
to see the effect of individual actions as they are usually hidden by multiple things 
happening at the same time: 

“because you don’t do just that but you do lots of things. [...] In the end 
it’s not just one thing it’s several actions and you don’t know by how 
much you are saving by doing all those actions combined at the same 
time.” (P56:1:U) 
“I discovered that the electric shower the electricity consumption is 
huge” (P56:2:U) 

Watching the instantaneous energy use on the CC display encouraged her to change to 
using shorter washing machine programmes, and avoid using the tumble dryer. 

Keeps the IHD readily visible (in lounge next to TV) so it affords passing glances 
and attracts attention when the reading is higher than expected. 

Not overly concerned about their energy use: reducing cost would be nice but is 
not a major driver for action: 

“I think in the end I don’t think too much about these things” (P56:1:U) 
“it’s good that someone like pushes you, otherwise I wouldn’t do it.” 
(P56:2:U) 

Only used the CC monitor to look at instantaneous consumption — she did not use it 
to compare daily or weekly consumption. Her focus is on appliances. 

Her information needs changed as she learned about her energy use: 

“after a certain period of time I think that sort of logging things is not 
useful any more” (P56:3:U) (referring to the Energy Diary) 

Also the novelty factor of “a new toy” (P56:3:U) to play with: Effect of novelty 
“when you installed that it felt like ah that’s a new thing, I’m like all 
the time trying to play with it, but after some time like okay I already 
know how that works.” (P56:3:U) 
“It was like okay I’ve seen this already I know that the electric shower 
consumes a lot. There’s no point writing it down again.” (P56:3:U) 

Dimensions 
P56 DIMENSIONS 

P56 exhibits environmental awareness and prefers renewable sources of energy. 
Energy conscious and wants to take action to reduce consumption but does not know 
where to focus attention. Hampered by lack of information — only source is the bill, 
which is hard to access and does not contain pertinent information. 
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Her main interest is reducing her energy consumption. She is prepared to make 
changes to their habits to reduce consumption — “I’m thinking I need to take shorter 
showers” (P56:2:U). 

Has already adopted simple routines, such as unplugging appliances on standby Simple changes 

and switching off lights in unoccupied rooms. 
The energy supplier sets the monthly direct debit (budget) and as long as she is 

comfortable with the amount then she no longer thinks about it. 
She is more interested in the environmental benefts of reducing consumption than Environmental 

personal savings. conscience 

Family members have different, but complementary, behaviours: he seeks to 
minimize the cost for the consumption, she seeks to reduce the consumption itself. 
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Participant P57 

Profle 
P57 PROFILE 

Participant P57 is a married woman in her 40s living with her husband and two 
school-age children in a 1920s semi-detached 4-bedroom house. She is an offce-
worker with family income around £50k a year. The house was recently changed from 
oil-fuelled central heating to gas to reduce the cost of heating the house. The house 
is single-glazed and draughty but they are trying to make improvements as time and 
fnances allow (e.g. loft insulation, which was half-completed). 

The room temperature was 13 degrees Celsius at the time of the frst interview 
(December): the family were content to wear jumpers. A wood-burning stove was 
sometimes lit in the evening if it was very cold. 

Coding 
P57 CODING 

Inspection of the codes for Participant P57 suggests strong interest in their energy 
consumption and associated behaviours (see Figure 6.7). For this participant energy 
consumption and energy behaviour are linked and considered as aspects of the same 
thing. Budgeting behaviour codes less strongly than other participants in this group: it 
is very important to this participant but it simply occurred less frequently in the codes 
due to the predominance of the other dimensions. 

Figure 6.7: Coding occurrence for Participant P57. 

P57 NARRATIVE 

Narrative 

Participant P57 views energy as a resource for “facilitating day-to-day domestic life” 
(P57:1). 

She separates their household’s consumption into: 

“what is necessary and what is...well not quite luxury use but profigate 
use.” (P57:1) 

Family’s priorities 

Even though she is clearly environmentally conscious she is only looking for small 
changes to behaviour or routine. Bigger changes require the whole family to be 
involved, but family members have differing priorities, which can be a hindrance to 
conservation measures: 
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“Not successful as need whole family on board. There is an education 
job to do.” (P57:2) 
“I am probably the most aware of reducing consumption. Need the other 
three to come on board.” (P57:2) 

Having a family with young children complicates energy conservation measures: 

“So it’s just the really small tweaks that you can make which are 
easy. Bigger tweaks are more...more diffcult to get your head round, 
particularly with a family.” (P57:1) 

Wants a better awareness of where costs arise. She can then make small changes to 
reduce cost. Small changes in behaviour can be easy to implement: 

“Washing is tricky, I’m fnding. But again, we won’t wash until we’ve 
got a full load.” (P57:1) 

Existing behaviours 

She alters the amount of clothing to suit the room temperature, to avoid altering the 
heating controls: 

“Jumpers and blankets and slippers.” (P57:1) 
“We wear feeces inside the house” (P57:2) 

Generic campaigns to reduce household consumption (e.g. turning thermostats down) 
are not always helpful, and can cause feelings of guilt through not being able to 
comply. Asked what she thought about government requests to turn thermostats 
down by one degree, she responded there are limits to how much change is deemed 
acceptable: 

“We’ve already turned it down by about fve according to most people’s 
houses so no, no thank you. Yes, we could turn it down another degree, 
but you know, there are benefts of living in the modern world.” (P57:2) 

Limits to change 

Completing the Energy Diary encouraged her to refect on her consumption and where 
she might be able to make reductions. Possible changes she determined were mostly 
behavioural changes (e.g. switching off appliances not in use; turning off lights; 
reducing the frequency of laundry). Larger changes are capital purchases (e.g. loft 
insulation; cavity wall insulation). 

Heating is her biggest energy ‘cost’: 

“Look at the big draws frst and they’d be the frst ones to go to. So 
heating. We’ve already tried to reduce that down and minimize it. So if 
there’s any working from home goes on during the week that tends to 
be underneath, you know, a couple of blankets with a hot water bottle 
rather than with the heating on.” (P57:1) 

Personal refection 

Considers energy consumption at a household level. She is aware of individual 
appliance’s contribution but focusses on the total consumption. 

She seems less concerned with quantitative measurement than whether an energy-
consuming appliance/activity is necessary or effcient: 

“I’m aware that we’re using things that we don’t need.” (P57:1) 

Avoid unnecessary 
consumption 

Uses washing machine daily which she considers excessive, but necessary (non-
negotiable) consumption: 
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“Yeah, that’s too heavy. It’s daily. Yeah, there’s a full load daily, and 
at weekends there’s more with bedding, towels, whites, shirts. It does 
seem to be on all the time.” (P57:1) 
“We’re advised to use a tumble dryer, again because of the [children’s] 
allergies and hay fever and asthma and pollen. I prefer drying on the 
line, but when the pollen’s high we’ve got to be a bit careful. I don’t 
tend to dry bedding outside now, which is a shame.” (P57:1) 

She uses existing knowledge to predict consumption. Conscious of changes to 
routines (e.g. school holidays) and the relative impact that has on energy consumption. 
She expects electricity consumption to go up in the summer as the children are home 
using electronic devices, and increased appliance use: 

“I mean because we’re out more as well. So all the combinations of 
summer holidays plus heat means that the gas consumption, although 
I’m not measuring it at the moment, but I’m pretty sure that’s going to 
be massively reduced in the summer.” (P57:2) 
“Electricity [reduction] not so much because with the boys around there 
does seem to be more washing, the television’s on, and a lot of the time 
probably more lighting that’s used.” (P57:2) 

She used the CC monitor to identify high-consumption appliances: 

“the monitor has helped to understand where the biggest draws are in 
the house” (P57:2) 
“The main ones I’ve noticed when I’ve just been keeping an eye on 
that [Current Cost Monitor], defnitely washing, washing machine and 
tumble dryer are the big ones.” (P57:2) 

But had less interest in the monitor over time as the appliance consumption and 
household usage pattern was learned: 

“initially it was interesting to get a feel for the house usage, but I don’t 
think that changes massively on a day-to-day basis anyway, so once 
you know what’s expensive and what’s not, it’s not going to change.” 
(P57:2) 

Aware of high consumption appliances but she factors duration of use into consump-
tion understanding: 

“The kettle’s big, but it’s not on all the time. So umm...the oven’s 
signifcant but isn’t used that often.” (P57:2) 
“Gas hob electric oven [...] but it’s not used massively, so that wasn’t too 
much of a worry. Yeah washing machine, tumble drier, kettle. They’re 
the big ones.” (P57:2) 

She wants to build understanding of their energy consumption. The washing machine 
is used as a sort of yardstick — how do other appliances compare to the washing 
machine — to develop an understanding of devices’ relative consumption. 
Aware of the difference between cost and energy consumption and thinks more in 
terms of the latter — e.g. she specifcally refers to “the energy usage bill” (P57:2). She 
knows the monthly/annual cost of their energy consumption but has no understanding 
of what that means in real terms: 
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“I would like to know more and I’m not comfortable with the lack of 
knowledge.” (P57:2) 

Dimensions 
P57 DIMENSIONS 

She has strong environmental awareness and is seeking to understand their use 
of energy so she can reduce consumption, and be ‘green’. She treats cost and Environmental 

environmental beneft with equal merit. conscience 

She believes they are not energy effcient, so is actively seeking changes. Looking 
to make small changes to behaviour or activities for small, but cumulative, reductions 
in energy use. Most changes she can make will be behavioural (switching off lights, 
etc.) rather than appliance- or investment-led changes. 

Clothes washing is a big thing in her life (due to pre-teen children, and family Priorities 

allergies), so she is acutely aware of frequency of washing machine and tumble drier 
use, and their impact on total energy consumption. 

She uses information to: (i) look for anomalies in historic or predicted consumption, 
(ii) identify areas where consumption can be ‘tweaked’. 

She is prepared to make lifestyle changes, but is looking for places to make change. 
She would like guidance on where they should be aiming in terms of energy and then 
make her own response. 
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Participant P58 

Profle 
P58 PROFILE 

Participant P58 is a male in his 50s living in a modern detached 4-bedroom house 
with his wife. His children are currently at university. He has a high electricity bill 
(partly because of his electric car charging), and has a solar Photovoltaic (PV) array. 

Coding 

P58 CODING 

Examination of the codes for Participant P58 shows a prominence for energy beha-
viour, followed by energy information (see Figure 6.8). 

Figure 6.8: Coding occurrence for Participant P58. 

Narrative 
P58 NARRATIVE 

Consumption 
effciency 

Has previously monitored his electricity generation (solar PV) and consumption with 
clamp-on energy meters, so already has good awareness of whole-house net electricity 
consumption and also for individual appliances. However that was in his previous 
house: in his current house he does not have any monitoring other than the supply and 
generation meters. He wants data on electricity exported from his solar PV so he can 
measure the effciency of consumption of self-generated electricity. 

Getting family buy-in to energy conservation measures can be diffcult: 

“Stopped the kids using the dryer which was a major hassle.” (P58:2) 

Believed his consumption was good: 

“I was horrifed by how much energy we were using, which was national 
average, but I thought we were being quite good” (P58:1) (emphasis in 
original) 

Believes he is now energy effcient: 

“I think that’s the problem. I’m scratching for things to do. The only 
way of signifcantly improving things is to buy [. . . ] even more effcient 
appliances” (P58:2) 

Effciency trade-off He believes there can be a trade-off between economics vs. environmentalism: 
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“you have to save an awful of kilowatts-hours to afford a fve pound 
bulb” [LED] (P58:2) 

He appreciates that his electric car charging is the largest component of his electricity 
usage: 

“any optimisation which I’ve been talking to you at the order of a 100 
watt-hour is wiped out by my 2 kilowatt 8 hour charge cycle” (P58:2) 

The most signifcant factor affecting his energy consumption is household occupancy 
pattern: 

“my usage has fuctuated by twenty percent or more as different people 
have come back and lived with me and then gone back to university or 
whatever” (P58:1) 

Moved the CC monitor from his study to his kitchen as he likes to refer to it frequently 
— “if you can’t see the meter it’s a waste of time” (P58:2). He considered the charts 
displayed on the CC display, and once he had developed an understanding of the Evolving information 

meaning of the variation those charts were of no further interest. needs 

Has measured most of the electrical appliances in his home: 

“it’s the 24/7 things that eat away at the total budget” (P58:2) 
“things like routers are a nightmare, they consume so much power in 
the background” (P58:2) 

Would like to measure ‘smaller’ appliances but fnds them hard to measure as their 
consumption varies over time: 

“Because they are all sort of doing hidden power saving things in the 
background then it is very diffcult to know how to compare like with 
like.” (P58:2) 

He complains of a lack of information: Information void 

“I want to know more about how I can better monitor electricity when I 
don’t have a stable environment and stable occupancy etcetera.” (P58:1) 

Wants more data from supplier: 

“All I get is the bill with whatever level of information and effectiveness 
that comes from the supplier.” (P58:2) 

House has a Smart Meter but he expressed disappointment with the information it 
provides: 

“I found the Smart Meter’s useful in general, in that it gives you pretty 
lights you can look at, but actually doesn’t tell you what you really want 
to know” (P58:1) 

Said he would like drill-down ability: Information 
drill-down“if the bill came in, and I thought that’s a lot more than I expected I 

would then go back and I’d drill down and I would say right okay now 
who’s been running this item at 3 kilowatts at 3 a.m. in the morning.” 
(P58:2) 



120 P E O P L E A S AC T I V E S E N S E - M A K E R S : C H A R AC T E R I S AT I O N O F E X I S T I N G P R AC T I C E S 

Daily self-comparative information would be helpful to explain his consumption: 

“Only a rolling week total of kilowatt hours, it’s not helpful as it’s hard 
to mentally average what happened over a week” (P58:2) 
“since there is not two days to compare it’s not helpful” (P58:2) 

Seeking a better understanding of his energy consumption which has been complicated 
by the presence of solar PV: 

“it has all become diffcult to unpick” (P58:1) 
“I don’t have the capability to actually work out how much power 
is been consumed, so ironically having moved to being a generator 
actually has destroyed my ability to monitor what’s going on” (P58:2) 

Dimensions 
P58 DIMENSIONS 

Seeking to avoid waste is a big thing with him. Not so much interested in reducing 
but in not wasting. Very energy-aware and continuously looking for ways to reduce 
energy consumption: providing the impact of acceptable from family lifestyle and 

Avoiding waste thermal comfort perspectives. 
More interested in annual budgeting since it smooths the variability caused by 

changes in household occupancy and family members with a different energy agenda. 
Seeks to avoid wasted energy. He is interested in saving a mere “tens of pounds”(P58:1) 

a year because he considers it unnecessary waste, and environmentally unfriendly. 
Purchased an electric car in order to be “super-eco” (P58:1). He is aware that the car 

Financial investment consumes large quantities of electricity, which he is justifes by having a ‘green tariff’ 
from an energy provider. Appreciates that any energy saving/effciency measures is 
out of scale with his consumption for electric car charging. 

Fitted energy-effcient lighting as a ‘quick fx’ to reduce consumption. (Even 
though, economically (cost/value), switching to LED bulbs is a poor choice from a 
return-on-investment perspective). 

kWh not £ Thinks of budgeting in terms of energy (kilowatt-hours) rather than cost. 
Prepared to invest in capital purchases which might be expected to reduce energy 

cost, such as solar thermal for domestic hot water but investment decisions require 
economic justifcation. 

Not behaviour Interested in appliance-level consumption rather than lifestyle/behaviour changes. 
changes 
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Participant P59 

Profle 
P59 PROFILE 

Participant P59 is a couple in their 50s: he works as a cleaner and she is a clerical 
offcer. They own a 3-bedroom ex-council 1970s semi-detached house with gas-
fuelled central heating. They have a 4 kWp solar PV array on the roof. Their annual 
electricity bill is low due to the solar generation. 

Coding 
P59 CODING 

The code distribution for Participant P59 shows a fairly even spread between all fve 
categories being analysed (see Figure 6.9). 

Figure 6.9: Coding occurrence for Participant P59. 

Narrative 
P59 NARRATIVE 

Changed to a single provider for all house utilities, not to save money but for 
simplicity. Does not want to change supplier again as it requires too much effort 
for little reward. 
Purchase of the solar PV system was a speculative investment. It was a capital purchase 
through borrowing, which he intended to offset against the income stream: in practice Return on investment 

the income stream was less than he anticipated. 
Prepared to invest in energy saving measures if there is a quantifable saving: 

“Yeah I would like to know. I think we could save a bit more, I hesitate 
to do anything on the house because a lot of these things you spend 
money and it only makes like 5% reduction in your bills and you think 
is it really worth it.” (P59:1) 

Has adjusted his electricity-consuming activities (e.g. clothes washing; vacuum 
cleaning) to occur during daylight hours when his electricity generation exceeds 
his consumption. He recognises that the total electricity consumption is the same but 
the cost to him is less: 

“we do tend to do everything in the daytime when there’s a certain 
amount of sunshine.” (P59:2) 

http:consumption.He
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Convenience Some consumption could be termed convenience consumption, such as using the 
consumption dishwasher only a few times a week and using handwashing at other times. 

Simple behaviour changes such as time-shifting the use of the dishwasher to use 
it when it is best for PV generation are straightforward to achieve, and require little 
effort for the reward: 

“It’s easier to say right don’t use the dishwasher after fve o’clock in 
the evening. Just leave it till the morning. It’s easy.” (P59:2) [i.e. to use 
solar generation] 

Having solar PV has made him more energy conscious as he is regularly thinking 
about whether his present generation will cover the usage. 

Aware of the fnancial and energy costs of using the tumble drier and avoids using 
it is possible. This is balanced against the convenience of drying clothes quickly when 
necessary: 

“But we try not to use that because obviously it’s the most expensive 
single item, [...] it uses the most electricity when it’s in use.” (P59:2) 
“I think if we were in a hurry to go somewhere and we needed some 
clothes drying quickly, then just put them in there.” (P59:2) 

Competing priorities Thermal comfort is important to him. Different household members have different 
heating requirements. If he is home alone he will usually put a jumper on to keep 
warm, but if the family are home he will turn up the heating. This might have led to 
his interest in heating use — “I’m very conscious of heating” (P59:1). 

His preference is for a cooler house, but family members like warmer temperatures: 

“I’d rather put a jumper on, save money, but if it’s for the kids just put 
all the heating on because you don’t want people moaning.” (P59:1) 

Appliance relativity Is aware of appliance’s consumption, not in absolute (number) terms but whether they 
are a high (tumble drier) or low (electric radio) electricity-consuming device. 

Although he had not measured the actual power consumption of his desktop 
computer he made a pretty good guess at the consumption of a typical Personal 
Computer (PC). This suggests he has quite a good understanding of his energy 
consumption, even if it’s only approximations — he seems happy to work in round 
numbers. 

Does not want to continually monitor bills: 

“Well it’s diffcult to keep track of energy but...I am interested but I’m 
just not really religiously following this topic. I’m just hoping that we’re 
not going over above what we did last month, you know.” (P59:2) 

Seeking advice on his energy consumption — he cannot identify whether his con-
sumption is ‘good’ or ‘bad’. 

Wants more information on his energy usage and generation. Currently in an 
information void — in part a fallout from the ‘Club’ approach to utilities billing — 
and has little knowledge of how much energy (viz. money) he is saving from having 
the solar PV generation. 

Has observed and refected on changes in his energy consumption previously (e.g. 
when daughter left for university), by taking meter readings over a period of time. 
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(a) (b) 

Figure 6.10: P59 Current Cost display placed on bureau: (a) partially hidden behind 
houseplant, (b) no longer obscured (one year later). 

He made targetted use of the CC monitor to investigate appliances of interest such Disaggregated 

as the vacuum cleaner. measurements 

“one thing I learned is that vacuum cleaners don’t use all that much 
energy, even though it says on it sixteen hundred watts that’s not what it 
uses” (P59:2) 

He was quickly able to determine that the display was in fact showing a negative Inferring 

value (net export of electricity) due to his solar PV generation. Having the solarPV consumption 

seems to have given him a better understanding of his energy consumption. 
Used theCC display to explore his energy consumption: 

“I used it a few times, to make some measurements.” (P59:2) 
“I go around switch various things off and see whether it made a 
difference.” (P59:2) 

Noticed from the CC monitor that his night-time usage was 300 watts, which he 
decided was due, in part, to the large ‘American-style’ refrigerator, plus other devices 
in standby: 

“it goes from 40 watts down to 4 watts if you switch off the [computer] 
monitor. Things like that and I thought yeah we can defnitely save 
more energy at night if we could possibly switch everything off. That 
would be televisions all that sort of stuff because they must be running 
constantly using electricity all through the night you know.” (P59:2) 

Refected on his consumption as displayed on the CC monitor: 

“at night you know while I’m just sitting here quietly, and wondering 
what is...what are we using this energy for.” (P59:2) 

Asked if he found the CC monitor useful, he replied: Changing 
information needs “Occasionally, I mean certainly at frst it was fascinating to check it, but 

as I said it’s kind of the interest has waned slightly, especially since she 
put this fower right there in the way, so you can’t see it.” (P59:2) [see 
Figure 6.10] 
“it seems to have gone into the background somewhere” (P59:3) 

http:Figure6.10
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Dimensions 
P59 DIMENSIONS 

Does not like to waste energy but does not know where to make savings. He keeps a 
Priorities close eye on fnances, but providing they are within self-determined limits (related to 

income) then he is unconcerned. 
Has an interest in energy consumption because it is a signifcant fnancial cost (i.e. 

percentage of income). He has already undertaken small conservation measures but 
wonders if a bigger cost reduction is possible. Seeking confrmation that his current 
consumption level is not atypical or extravagant. 

He is sceptical about global warming — his interest in energy conservation is 
personal. 

He is keen on energy conservation measures but only where he can measure 
Return on investment the subsequent effectiveness. Money is tight and so he would want to know that 

money spent is going to make a tangible difference. He is prepared to invest in new 
technologies / energy saving equipment providing he can see a fnancial return (or 
saving), even if over a long timeframe. 

Seeking energy Seeking information to assist with a better understanding of where his energy is 
advice used, which becomes an aid to thinking about possible courses of action — “I’m 

looking for more information for myself and also maybe push myself to do something 
about it a little bit more.” (P59:1) 

http:income).He
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Participant P60 

Profle 
P60 PROFILE 

Participant P60 is a young couple in their 20s, living in a 1970s detached house which 
has been converted into two semis. They are both professionals with a household 
income around £40k per year. 

Coding 

P60 CODING 

Participant P60’s main interest is in their energy consumption (see Figure 6.11). 

Figure 6.11: Coding occurrence for Participant P60. 

Narrative 
P60 NARRATIVE 

Gauges his consumption level by self-comparison for his previous home. Does not 
think in terms of what is a ‘correct’ level of consumption but what is the starting point 
and how much change would he need to make to reduce it. He believes his present 
consumption is high: 

“Well it’s pretty high I guess.” (P60:1) 

Resistant to changing behaviour if it affects lifestyle: Lifestyle frst 

“The thought of not going and sitting down for a minute and putting the 
telly on is quite...I think I’d pay the money to be honest.” (P60:2) 

Not prepared to change his lifestyle to reduce consumption: 

“If I want to do something I’ll do it” (P60:1) 
“I don’t know if I’d ever purposefully cut down on certain things that I 
felt would affect me. If I felt like I want to do it I think well I’ll just pay 
it and do it” (P60:1) 

Wants to see a fnancial reward for effort invested: Financial reward 

“If I knew say over a year how much it cost me, if I felt that it was 
something that was worth, you know, if it ended up being £5 a year then 
no I’d rather not press the button each time[...]. So it’s all cost related 
really. (P60:1) 
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CC monitor raises awareness of consumption: 
“A few times it sort of guilt trips me into sort of...if I’m on the computer 
and the TV’s on I think well I’ll just go and turn it off then” (P60:2) 

Measuring baseline Used the CC monitor to measure his baseline consumption, and monitor the effect of 
changes: 

“Probably the most useful thing that I’ve got from it is I am getting 
more used to what the fgure should be.” (P60:2) 
“I think a lot of those changes I put in quite early on [...], so the frst 
couple of weeks”. (P60:2) 

Consumption “depends on what sort of mood I’m in” (P60:2) — more accurately 
what activities he is engaged in. 

Considers what ‘value’ you get from the appliance versus its energy consumption: 
“I was quite surprised that the TV and the computer weren’t quite as 
bad as I thought they were you know, [...] when you compare it to like 
having three or four lights on you think well actually for what you get 
out of them it’s not bad actually.” (P60:2) 

Embodied 
consumption 

A level of consumption is inevitable: 
“if [...] we decided to get a huge wall TV or something for some weird 
reason, I’d just say well, you know, that’s part and parcel of having this 
massive TV.” (P60:2) 

Asked to consider the impact the new tumble drier might have on the next month’s 
consumption, he made an informed (by tacit knowledge) guess: 

“I really don’t think I’m gonna notice it that much. [...] I don’t think we 
use it that much. [...] Maybe a tenner, add a tenner on.” (P60:2) 
“Yeah a tenner’s alright, don’t mind a tenner.” (P60:2) 

Lifestyle is important Prepared to reduce consumption but not by a target or identifable amount: 
“well I’m not looking at the target in a sense, I’m looking at what it is 
now and thinking will I have to change a lot to reduce it.” (P60:1) 

Hard to identify results of energy reduction measures: 
“although I think I’ve reduced some waste, you know waste energy use, 
[...] I can’t prove that that’s happened with the monitor, and therefore 
can’t work out if I’ve made any sort of savings and such” (P60:2) 
“I’ve been turning more lights off, unnecessary lights, since we started 
the thing. How much that amounts to, no idea, absolutely no idea.” 
(P60:2) 

Hiding base-load 
and non-negotiable 

Wants to hide base-load consumption: 
“I’d like to get rid of some of the readings of the things that really I can’t 
you know...sort of red lines you can’t change like washing machine and 
stuff. It would be nice to take them out and forget about them” (P60:2) 

A further enhancement would be to selectively remove other appliances to focus on 
area of interest at that time: 

“I’d like to remove them and see the see the leftover. That would be 
good” (P60:2) 
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Dimensions 
P60 DIMENSIONS 

Only seeking simple changes, which require minimum effort. Open to change provid-
ing it does not affect his lifestyle. 

Wants feedback on one change before being prepared to make others. Only 
interested in changes which he deems as "signifcant". 

He will make an effort to conserve energy but not if it means spending money. 
He made a distinction between “necessary” consumption and “unnecessary” Reduce waste 

consumption. He describes energy behaviour as being a lifestyle choice, and is happy 
to make change if it does not affect his lifestyle. Only prepared to spend minimal effort 
in reducing consumption — “I don’t want to save it that much.” (P60:1) (emphasis in 
original). 

Profigate in his energy usage as he believes the cost is not high for the lifestyle it 
affords, but does exhibit some signs of consumption guilt — “It wouldn’t hurt to save Consumption guilt 

a bit obviously” (P60:1). Justifes his liberal consumption as he believes his base level 
consumption is fxed and his elective consumption is only a small incremental cost. 

Believes that lifestyle has bigger impact than conservation behaviour. ”Random” Lifestyle 

changes (e.g. watching television till 2am one night) can overshadow small changes 
(e.g. switching lights off). 

Does not feel pressured by environmental issues: wanting to not waste energy is 
purely a personal value. 
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6.3 D I M E N S I O N S O F E N G AG E M E N T W I T H E N E R G Y 

Most of the participants in this study were already aware of the largest contributors 
to their energy consumption — more usually stated as the cost rather the amount of 

Lifestyle - home energy — and of the factors which affected it. Frequently mentioned were occupancy 
occupancy (level and pattern), and the effect of weather (more literally outside temperature) on 

space-heating. Occupancy could be in terms of either multiple occupancy (P57,P58), 
or sole occupancy with, for example, variable work (job) pattern (P52,P53). For others 
(e.g. F4,P56) occupancy was not a consideration. 

Reducing ‘waste’ is a commonly occurring theme in this case study. But what is 
waste to one person is not waste to another (e.g. space heating to 25 degrees was 
deemed essential for F5, but anything above 15 degrees was wasteful for P57). That 
leads into a discussion about elective vs. non-negotiable consumption. 

People have a clear sense of non-negotiable versus elective consumption. Of course 
Non-negotiable this varies according to the person and their lifestyle — e.g. for some families, such as 

consumption those with young children, television use is non-elective. People talk about ‘avoidable’ 
consumption when referring to some types of elective consumption, which suggests 
they feel the consumption ‘just happened’, and avoids apportioning blame for the 
unnecessary usage (P60). 

Such avoidable (i.e. waste) consumption is an easy target for consumers to take 
action. However some people may choose to not take action even when they have 
identifed the avoidable consumption (e.g. P60 not turning off appliances on standby 
because they are too awkward to reach; whereas P56 and P53 purchased extension 
leads specifcally so they could avoid this ‘waste’). 

A further category could be labelled ‘convenience’ consumption. This is a type of 
consumption which, although it is avoidable, provides some sort of perceived beneft 
to the consumer (e.g. P60 leaves the heating on 24/7 to keep the house warm through 
the night). 

Priorities What is considered negotiable can become non-negotiable as priorities change (e.g. 
space heating of upstairs rooms became non-negotiable following the birth of a baby 
to P56). 

People do not want to have to think about energy. They just want to know they are 
getting value for money. And have avoided wasteful or extravagant consumption. 

Belief in Participants in this case study variously believed their consumption was ‘below 
consumption level average’, ‘about average’, or ‘high’. Often this was without any comparison fgures to 

work from. In one case it was because they believed they were wasteful with energy 
(‘high’). In other cases they were comparing their current consumption level with a 
previous property — all the while stating that the two situations were not comparable 
(e.g. different size house; different occupancy level). 

In practice such labels are used only for a sense of encouragement — despite 
Personal goals stating she believed her consumption was below average P53 was still looking for 

ways to conserve further: her personal goal was to achieve the bare minimum for 
energy consumption. 

People fnd it hard to make comparisons of consumption — self-comparison 
requires historic and forecast data, while social-normative comparison requires a 

http:consumption.Of
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valid comparison group which is rarely available (e.g. P52,P59). (Indeed the lack 
of comparable social groupings may be seen as an implicit acknowledgement of 
individual differences between people.) 

So they don’t know if their energy consumption is ‘good’ or ‘bad’. So they do what 
they can: just set a spending level and so long as that is consistent month-on-month 
they are happy (P52,P53,P54,P56,P59,F1,F2,F4,F6,H25). In the absence of useful 
feedback which gives them an idea of whether any changes they are making are 
effective or not, that is all they feel they can do. 

People want to know how their usage compares against some defned ‘normal 
usage’. Of course, in practice, such comparison is probably impossible to achieve as 
fnding someone with the same mix of dimensions is hard. Ultimately, there is just 
their own usage, whatever it might be (e.g. P52,P53). Once they have looked at their 
consumption and determined they are happy with it — whether for fnancial, envir-
onmental, or other reason — they do not consider it further. Energy is a commodity: 
their world does not revolve around continuously monitoring it. 

Monthly budgeting 

Relevance of energy 

All participants exhibited budgeting behaviour to some degree. The timeframe over 
which the budgeting was considered varied (e.g. annually for P53, quarterly for P60, 
monthly for F2, weekly for F4, daily for F5). Often this coincided with the billing 
period from their energy supplier, which was often claimed as the only source of 
consumption feedback they had available. 

Having determined their personal budget — which was in fnancial cost terms for 
everyone except P58 who thought in terms of kilowatt-hours because of his solar PV 

generation — the typical practice is to then look out for any unexpected deviation 
from that budget. Usually this entails monitoring the monthly energy bill or bank 
statement debit amounts (e.g. P54,P56). 

It may be argued that budgeting activity is a 3-stage process: 

Goal setting 

Identify anomalies 

(i) determine a personal budget based on understandings, practical experience, 
and goals, 

(ii) reduce variability (i.e. budgetary control around that fgure), 

(iii) reduce energy expenditure (may include investment in new more-effcient 
appliances). 

Again, the precise action taken depends on the person’s priorities — for F5, for 
instance, the key priority was avoiding disconnection of supply (stage 2), whereas for 
P59 it was reducing cost (stage 3). 

Feedback is not always used as a motivator for behaviour change. For example, the 
consumer may simply be fact-fnding (e.g. P52 was seeking confrmation of a return 
on his investment and not looking to make any changes in consumption). 

Being told (e.g. by government information campaigns) to cut down consumption 
when they feel they cannot make reduction in that area — or have already reduced 
as far as they are prepared to go — causes annoyance and stress (e.g. P52,P53,P57). 
Elective consumption can be viewed as a lifestyle choice, so people take criticism 
here badly. 

Not seeking savings 
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Availability, and use, of technology varies between individuals. Some people are 
self-labelled ‘geeks’ (e.g. P54,P60) who are comfortable with technology and readily 
interpret new informatics, and incorporate it into their understanding. Others are more 
reticent or dismissive, despite being technologically competent in other ways (e.g. 
F4,F2). Most participants were somewhere in between — they fnd out what they want 

Personal experience to know and ignore the rest (e.g. F5,P54,P57). Trust in technology — what the device 
is valued highly is telling them — is a key factor is obtaining usage of informatics. If the information 

disagrees with their personal empirical experience then the device is relegated to the 
cupboard (F1,F5). 

The physical traits of the properties in which people live obviously has an impact 
Property on occupant’s goals and their response to informatics. A poorly insulated 1920s large 

characteristics semi-detached house (P57) obviously has different capabilities than a super-insulated 
“Passivhaus” fat (F2). 

It may afford more opportunities for energy-saving measures but those measures 
often require signifcant fnancial investment (P57). Whether such action is taken then 
increasingly depends on householder expectations and priorities. 

6.4 I N D I V I D UA L S I M I L A R I T I E S A N D D I F F E R E N C E S 

The narratives highlight a large number of similarities and differences between 
individuals. 

Information People use varying resources depending on what they have readily available. This 
resources affects might be an IHD (P54,P53) or an energy bill (P52,P56). But the information must be 

engagement easily accessible or people will not use the resource (P53). 
A lack of historic information results in a lack of knowledge which means it is 

harder for people to make sense of their consumption. In the absence of historic 
data people ‘make an educated guess’ at what their consumption will be based on 
their existing knowledge, and then revise their estimates as their experience and 
understanding grows (e.g. P54,P53: when moving in to a new house). 

However historic information does not have universal appeal with some participants 
not seeing any purpose to it (as it was ‘spent’ consumption) (F5). 

Consumption belief People variously think their existing consumption is high, average or low: 
affects behaviour • High: P57, P54, P60. 

• Average: P52, P56, F1, F4. 

• Low: P53. 
Those who believe their consumption is high are more likely to be looking for 
changes they can make (P57), while those who are average may just be looking for 
confrmation (P52). However it is not without exception: participant P53 believes 
their consumption is low but is still looking for further cost reductions. 

People make a guess at savings based on past experience and understanding of the 
thing being changed. They then seek feedback on the outcome. The outcome is then 
compared against their expectations, and they make a judgement as to whether the 
change was worthwhile. If it was not then the measure may be reversed (P60). How 

http:informatics.If
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they judge ‘worthwhile’ is heavily values and goals dependent. Whatever the outcome 
it is incorporated within their knowledge bank for reference when considering future 
actions. 

Interviews show that some people have thought about which devices use electricity 
and they are able to give a very detailed list of devices even down to the level of the Device consumption 

electric doorbell (P54,P58). Others have no interest in this level of detail and think 
only at whole-house level (F4,H25). 

People group electricity-consuming devices according to the perceived consump-
tion level. Some devices are considered ‘high’ (e.g. washing machine), others ‘low’ 
(e.g. mobile phone charger), and the rest as ‘others’. This list is built by a number 
of methods (e.g. energy labels, friends and family) and then subsequently validated 
by empirical experience. But people can get it wrong and subsequently correct their 
understanding during the validation stage (e.g. P54 was surprised by the washing 
machine being ‘high’). 

There is some evidence that people equate the size of the appliance with its energy 
consumption (H25,P60), while others ignore the size altogether (e.g. P59 believed the 
consumption of his American-style fridge was ‘low’ because it was “effcient”). Yet 
others understand that size and consumption are not related (e.g. P58,P54). 

People differentiate between energy effcient and level of consumption. Some are Effciency vs. 

interested in effciency (not looking to save) (P52,P57), while others are looking Consumption 

primarily to save (reduce consumption) (P59,F5). 

People construct self-developed tools to help make sense of their energy. Examples Self-made resources 

identifed here are a spreadsheet (P54,P58,P59) and a paper record (P53). In the latter 
case the tool was used to make more sense from an existing resource (viz. the CC 

monitor). In all cases the purpose was to make it easier to refect on and monitor their 
consumption. 

An IHD is a potential source of stress to some people (P54,P53). Some found its 
constant ‘nagging’ bad (P54), while others liked the nagging as a constant reminder 
to be thinking about energy all the time (P57,P56). 

The point of interest in the feedback changes over time. As information is added Changing interest 

to their knowledge people’s use of feedback devices changes. If the interface holds over time 

some interest (which may either be something ‘new’ (F2), or something which was 
not understood before but now makes sense and has value) then attention can shift 
and the resource used in new ways (P60). For example, an initial interest could move 
from individual devices’ instantaneous power consumption to looking at daily gross 
consumption patterns (P53,P54). Once the contextualised meaning of a resource has 
been learnt then people have no further use for it (P54 with Hive charts). This can 
lead to devices being ‘backgrounded’ (hidden or removed) and no longer used. 

6.5 G RO U P S I M I L A R I T I E S A N D D I F F E R E N C E S 

Common to many individuals and across the groups is the desire to avoid ‘bill shock’. 
People construct an expectation of what their consumption will be, and then monitor Bill shock 

their consumption for any deviation from this forecast. Anomalous consumption is 
acceptable provided it can be adequately self-explained. The difference is the way that 
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this done — which is a feature of the group’s type. So for prepayment individuals it is 
monitoring their remaining credit on the energy supply meter, while for postpayment11 

it is monitoring the monthly usage bill against their Direct Debit or invoice payment. 
Participants in both groups budgeted (i.e. set targets for) their energy use. Inde-

pendent of whether they were on prepayment meters or postpayment billing, they 
could be split into two: those who seek to constrain their energy use (F5,P53), and 
those who use the energy they desire and simply ‘pay the bill’ (H25,P60). 

Self-trust People trust their own expectations after a certain amount of time. The sense 
people make of their energy use develops as they acquire information about the 
devices in their home and how their consumption changes in response to their actions 
and practices. As their understandings develop they are then able to predict their 
future consumption with some accuracy. They are aware of what events affect their 
consumption and assess whether any of those are likely to happen in the near future 
(e.g. F1,F4,P59). 

This enables them to question new information and reject it if it seems to disagree 
with their experience. This is evidenced with energy supplier’s calculations, where 
P53 preferred to use her own judgement for calculating future cost, or where F5 did 
not believe the period of credit remaining on her meter. 

It is probably fair to say that everybody has some things which are non-negotiable 
— at the very least refrigerator, lighting, and thermal comfort. Other consuming 
activities/appliances are elective or non-negotiable depending on the individual. 
Heating the fat to 25 degrees is obligatory to F5, whereas heating the house above 15 
degrees is optional to P52. 

For group 2 participants energy consumption is a fact and beneft of modern life. 
Fact of life They talk about being ‘effcient’ with its use and rarely describe curtailment behaviour. 

In contrast, curtailment may be the only action available to group 1 (they either use it 
or they do not). 

6.6 I M PAC T O N I N T E RV E N T I O N D E S I G N 

This study had the opportunity to work with a particular group of social housing 
tenants and compare them against a group with a different demography, to search for 
similarities and differences between people. 

This social housing tenants had a similar socio-economic background and lived in 
near-identical properties, but still there were differences between individuals in the 
group. 

It might have been expected their energy behaviours, and reaction to energy 
Varied response to interventions, would be broadly similar. However there were marked differences. So 

interventions individual variation is not something that is cancelled out by socio-demographic or 
socio-economic band. Interventions which assume that people will all respond in the 
same way just because they are a particular demographic seem unjustifed. 

However there were within-group similarities, so at some level people might react 
homogeneously even if for different reasons. But without an understanding of the 

11 Strictly speaking this term is incorrect with Direct Debit payments, but the term is still in 
widespread use. 
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individual — their own experience and expectations — it is diffcult to predict, and 
interpret, the outcome. 

It was particularly noticeable with participant F5 (but also mentioned by others, 
e.g. F1,P58) that they did not trust the feedback when it disagreed with their personal 
experience. In terms of intervention design this means that feedback itself should be 
adapted to something that builds on experience. Otherwise user engagement is lost. 

Use of existing 
knowledge 

The expected outcome of an intervention should be considered in the light of the 
expected response from the participants. Expecting savings from the social housing 
tenants is unrealistic. But that does not mean they cannot be engaged and supported 
through interventions, provided such feedback is meaningful to them. 

The research was broadened to look at a different demographic band for the second 
group, to see if the same principles apply. This group consisted of owner-occupiers or 
renters who had responsibility for their energy use and the means to change it. 

There may be selection bias in this cohort (self-selected and they show motivation in 
environmental issues) but they still exhibit large variation in behaviours and responses. 

There was variation in terms of property types, household income, and lifestyle, 
but none of these could be used reliably to determine in advance people’s engage-
ment. People with the same characteristic responded in subtly different ways. The 
information they appropriated varied depending on the individual’s intended purpose 
(i.e. personal goals). 

Predicting response 

The second phase of this research set out to investigate this further by looking 
at whether it was possible to predict the features of an intervention which were of 
interest to people based on knowledge of their differences. 

S U M M A RY O F C H A P T E R 6 : P E O P L E A S AC T I V E S E N S E - M A K E R S 

This chapter has shown that differences in lifestyle, beliefs, attitudes, priorities, as 
well as more physical dimensions such as house occupancy pattern, and type of 
property, affect the way people make sense of their energy use. 

There is not a clear mapping between socio-demographic or socio-economic group 
and the way that people make sense. So feedback interventions cannot assume that 
everyone in the same grouping will respond in the same way. 

To initiate change, and sustain it, requires feedback which meshes with people’s 
existing understandings, and which facilitates changes which are actually doable and 
achievable. 

This study shows that people exhibit large variation in behaviours and responses 
within the same group and across groups. It is conjectured that in any group for this 
type of research, variation should be expected. 

This chapter has shown that people have individualised responses to energy 
informatics, and those responses depend on a range of factors related to the person 
and the way they live. 
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How they appropriate data from an information interface differs depending on their 
existing knowledge, practices, and behaviours. 

Is it possible to predict how people will use an interface based on their personal 
characteristics determined in this study? If it was possible to predict people’s response 
then targetted feedback which works more reliably might become a possibility. This 
is explored in the next chapter. 



I N D I V I D U A L D I F F E R E N C E S I N R E S P O N S E S T O 
I N F O R M AT I O N I N T E R FA C E 

7 
“ Computer users are not just information-processing devices but 

individuals striving to achieve their goals. Their interests, emotions, 
hopes, passions, fears, and frustrations are important and powerful 
factors in choosing, learning, and using a technology. ” 

Kaptelinin, Nardi, and Foot (2006) 

P R E F AC E T O C H A P T E R 7 

The previous chapter grounded the claim that people make sense of their energy 
consumption in different ways depending on their existing understanding and a range 
of attitudes and attributes. 

The overall aim of the thesis is to identify these individual differences and illustrate 
dimensions on which people differ. And then examine how that carries through to 
their response to energy interfaces. 

Does knowledge of these differences in terms of sense-making offer any insights 
into the likely response to an interface. In other words, can this knowledge inform the 
design of energy feedback. 

This chapter examines participants’ reactions to the energy website, and its utility 
to them, to explore whether it helped with their sense-making and in what ways.1 

It investigates whether the same intervention has different effects, and how far those 
effects might be predicted. Can the understanding of a participant’s dimensions of 
differences be used to predict their engagement with, and use of, an energy interface. 

This chapter describes participants’ general reaction to the energy website, followed 
by a discussion of individual reactions during the walk-through. 

7.1 I N T E R F AC E A P P RO P R I AT I O N 

The research question was explored in two phases. In the frst phase an empirical 
study was undertaken to identify the dimensions of individual differences between the 
participants. This is discussed in the previous chapter. The second phase examined 
how those identifed differences affected participants’ responses to an energy website 
created specifcally for this research (see Chapter 4). During a face-to-face meeting 
the participant was guided through a question-and-answer session and asked to refect 
on features of their electricity and gas consumption shown on the interface. 

The intention was to see if it was possible to trace the person’s particular differences Differences in 
appropriation 

1 F1,F5,F6 did not take part in this phase of the research. 
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in the way they used the interface and their response to the researcher’s questions. 
The objective was to: (i) attempt to validate the dimensions of differences identifed 

for this participant, and (ii) see if their reaction to the interface could be predicted by 
their particular dimensions. 

The format was the same for all participants: 

(i) show-and-tell asking the participants what use they had made of the interface, 

(ii) asking the participant to explain to the researcher how the interface worked 
and what the various data meant, 

(iii) researcher-led walk-through of some of the daily/weekly/monthly charts asking 
the participants to explain features selected by the researcher. 

The walk-through was adjusted for each participant according to features noticed, by 
the researcher, in the data displayed (see Appendix E.1: “Interview Notes - 3”). 

7.2 S U P P O RT I N G A P P RO P R I AT I O N A N D U N D E R S TA N D I N G 

The energy dashboard was developed to provide people with a resource to see whether 
they made use of it (engagement), and what information they used and in what ways 
(appropriation). 

For Group 1 users there was good engagement with the dashboard during the 
structured walk-through sessions except where the user did not have internet access, 
or was simply not interested in the information (q.v. ‘indifferent’ behavioural type 
discussed in Chapter 2). In the latter particular case it was determined this was because 
the participant (H25) was not interested in energy budgeting. 

Although people found the information “interesting” and “helpful”, only one of 
the participants used the dashboard outside of the time when the researchers were 
present. This participant (F2) fell into the category of ‘pays monthly by direct debit; 
content with level of spend’ and their interest in using the informatics was to better 
understand the consumption by their individual appliances and activities. 

For this demographic group the key information requested from a representation 
was current and recent usage, and a projection of near-future usage. 

Group 2 users navigated the web dashboard comfortably and readily accessed the 
information available. Three of the participants in this group who, from interviews 
and observations, were very interested in energy conservation used the system the 
most — in one case at least once a day: “just checking” (P54). 

Users responded differently to specifc aspects of the visualisation with some 
saying “I would never use that” (P58) and another saying “That would be very useful” 
(P60) to the same feature. The implication being that feedback should perhaps allow 
for removal of what an individual user might call clutter and therefore does not want 
— the removal of this extraneous information should be viewed as desirable. 

All users liked the display of cost values which they felt closely linked to their 
fnancial needs. This indicates a feedback representation should use this unit rather 
than other, less tangible, metrics such as kWh or kg.CO2. None of the Group 1 users 
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could defne a kilowatt-hour — those with a prepayment meter skipped over that 
display on their supply meter, while those who received bills treated it akin to a 
dimensionless number: they compared it to last month’s number and were interested 
only in whether it was larger or smaller, and had a self-developed idea of what amount 
of change was signifcant to them. All participants from Group 2 were able to defne 
a kilowatt-hour, and four were able to give a simple example (e.g. “running a 1 
kilowatt heater for 1 hour” (P52)), but none could translate usage into cost (e.g. how 
much does it cost to run the heater for one hour) prior to the Current Cost display 
being installed. Subsequently, those participants which explored their appliances’ 
consumption using the Current Cost had a much clearer idea of their running costs 
(e.g. P54). 

This suggests there is a disconnect between people’s use of the two metrics 
— the fact that devices consume energy (kWh) rather than cost (£), but billing 
(and budgeting) uses cost rather than energy is a distinction the participants were 
comfortable to make. None of the participants talked about, for example, using the 
television as costing 25 pence a day (although some were able to calculate this when 
required), or their monthly bill as representing 300 kilowatt-hours of energy. 

So, although both metrics were used, the two metrics were not used interchange-
ably: the one selected depended on the context. Most people used the same metric 
(but not all: P57 habitually used kWh) when talking about the same event/activity. 

7.3 R E S P O N S E T O F E E D BAC K 

People’s reasons for engaging with domestic energy informatics affects their feedback 
requirements: for example, are they exploring appliance or activity consumption, or 
seeking to ratify a level of consumption. 

Their motivation can be considered as either: (i) learning — e.g. measuring the Engagement 

consumption of a device or an activity, or (ii) monitoring — e.g. comparing their 
energy use over time. This distinction is perhaps not clear-cut: arguably they are still 
increasing their knowledge (learning) while checking their consumption for continuity 
or anomaly. But it serves to identify two subtly different classes of feedback. 

Reaction to feedback informatics typically progresses frstly with learning, and 
then leading on to monitoring.2 

In the learning regime people seek feedback data with little or no abstraction (e.g. Learning phase 

numerical watts) (e.g. P58,P54). The important factor here is the accuracy of the data 
(e.g. P58,P59). 

Reported energy reductions seem to arise in this phase as people refect on where 
their energy is used and consider ways to conserve (e.g. P57) — for example, 
switching off appliances to ‘avoid waste’. 

Units of measurement are not important — P60 called them “thingummybobs”, P53 
called them “whatever-they-ares” — their purpose is to compare devices or activities 
for which the unit is consistent and so does not matter. 

2 Except where the participant had previously used an energy monitor of the same sort provided 
here, so they had already performed the learning stage — e.g. P52. 
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People expect this phase to be more intense in terms of their involvement (e.g. 
as they go around the house plugging-in devices and checking the energy display), 
driven by their interest to learn about their consumption. 

The learning phase is typically short duration — 4–6 weeks — after which 
the consumer has learnt all they wish to know about their devices (e.g. P53,P60). 
Their interest in feedback then switches to the monitoring phase, which is more 
about maintaining the status quo, although it can be revisited if a new appliance is 
purchased.3 

Monitoring phase In the monitoring phase people’s information needs change. The focus now is on 
historic self-comparison and forecasting (or more literally, budget-tracking). 

Energy reductions established here are more likely to be the result of behaviour 
changes or changes to energy practices (e.g. P57,P52). 

Engagement with feedback systems during this phase depends strongly on the 
motivation: for some it is daily monitoring of yesterday’s consumption looking for 
unexplainable anomalies (P54,P53), while for others their interest may fall to a very 
low level and effectively becomes ‘when required’ (P56). 

Interaction is more likely to be at-a-glance checking of the feedback, rather than 
any detailed analysis. Ambient visualisation also falls into this scope. 

Self-comparison and forecasting (or more literally, budget-tracking) also have a 
Baseline awareness strong role to play in the learning phase (i.e. it is not just just about devices). As part of 

the process of making sense of their existing energy use people seek to determine their 
baseline consumption, or to use their term, what is their ‘normal’ consumption (e.g. 
F4,P52). This baseline could either be an instantaneous power reading on the energy 
monitor (P52,P60) or a consumption ‘pattern’ displayed on a chart (P53=CC display; 
P54=website). Change, either forecast or actual, is then measured with respect to 
their personal baseline. This suggests the introduction of energy reductions might 
be a case of learning a base level frst and then making changes from that point.4 

People readily switch between base level, instantaneous, daily, monthly, or annual 
consumption values, depending on their interest at the time. 

7.4 P R E D I C T I N G PA RT I C I PA N T ’ S R E S P O N S E 

Where participants were interested in technology there was good engagement with the 
interface. Participants who had no interest in energy conservation were not interested 
in the interface (H25,F5). 

Engagement Previous experience with energy informatics can affect overall engagement: al-
though F1 was comfortable with technology she was somewhat distrustful of the web 
dashboard due to her experience with poor quality information from the CC monitor. 

3 If this holds true for other interventions then in those which are short duration (6 weeks or less), 
which is the majority of published studies, it is possible the reductions seen in those studies 
are due to the novelty effect of this appliance learning phase, and may explain why behaviour 
change is rarely habituated. 

4 Existing studies which are short term (a month or less) may not give people enough time 
to learn their individuated base level, and might explain some of the variability in reported 
savings. 
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Participant P54 is a self-professed technology geek and likes ’smart’ devices and 
interfaces, so it would be expected he would be comfortable using the dashboard and 
fnd value from using it. He used the website in preference to the CC monitor, not least 
because he could access the dashboard from anywhere via his smartphone. 

Comparisons were drawn between the dashboard and the CC display, and some 
participants suggested the website was more ‘personal’ — “It’s a lot more obviously 
detailed than the other one [CC monitor] and a lot more interesting. Because you get 
to sort of put context to it I guess.” (P60). 

But engagement is not everything: participant P56 coded strongly for environmental 
conscience, but made negligible use of the website. In discussion this was because 
she made changes for altruistic reasons and did not seek ratifcation — “I’m more 
concerned with switching off lights all the time. So in that way we do care, even if we 
don’t see the fnal fgure.” (P56). 

People who demonstrated strong motivation for environmental behaviour were 
especially interested in the hour-by-hour chart as this gave them the most detail (see 
Figure 4.5), from which they were able to refect on which devices or activities were 
potential targets for change (P57). 

This chart was also used by other participants but for a different reason: to try and 
fnd out what time of day a peak, which was observed on the weekly chart, occurred 
in order to understand the cause (e.g. P60). 

Based on their dimensions uncovered in Chapter 6, P52 and P57 might be expected 
to make changes on spec and then look for feedback. This was observed with P52 
who reported making changes to routines (such as cooking, and showering) and then 
checking the dashboard to look for impact. This behaviour was harder to fnd with 
P57: without a clear idea of what information she wanted it was diffcult for her to 
know where to look for it. In a guided session using the dashboard she identifed 
several points of interest, but said she probably would not have found them by herself 
(not because they were hard to fnd but due to lack of interest). Observations and 
discussions suggest an ambient visualisation is more suitable for her pattern of use: 
so she could quickly see ‘what is going on’ with little effort. 

In contrast, P60 wants to see evidence-based proof before making changes, which 
manifested in his interest in forecast consumption. 

The prepayment users did not interpret the weekly chart correctly and misinter-
preted the values displayed. The intent of this chart was that they would fnd the Budgeting 

weekly budgeting function useful in the management of their spending (see Figure 
4.1). In the event they misinterpreted the cumulative nature of the weekly chart, but, 
when it was explained to them, they could see its usefulness. In particular, they noted 
the difference between weekday and weekend spending (F1). They had the option to 
display, or not, the numeric values on this chart and all preferred seeing the values as 
it related more to how they budget their fnances (i.e. cost) (F1,F4,F5). Cost-based 
budgeting is undertaken from the perspective of a week (they each top-up their meters 
every two weeks) and this was refected in their interest in the dashboard, where they 
preferred the weekly view — “I can see what I’m spending in the week.” (F1). 

Participant F5 was predicted to be interested in this display as it showed daily 
spending on energy together with a reducing balance against a user-determined budget 
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or goal. However, she used the data in an unexpected way: she was not interested in 
the actual numbers but simply viewed the relative size of the displayed columns to 
estimate her spend per day and track spending for the week as a percentage of the 
budget. 

It was expected the participants who coded strongly for budgeting behaviour would 
Forecasting be interested in the display of forecast consumption (see Figure 4.2). Both F1 and F4 

liked the comparison of actual spend against forecast as it would aid weekly budgeting 
— “I do like that because I think if you’ve got a budget in mind, and you don’t want 
to go over that budget, you can click on that, have a look for that week and then see 
what you can change the following week to see if it’s made a difference.” (F1). 

Group 2 participants interested in budgeting and budget tracking used the same 
display of forecast short-term usage and the subsequent comparison against actual 
(P54,P56). Those on Direct Debit payment commented they would prefer more 
month-on-month comparisons as that is how they think about their budgeting activity. 

Surprisingly, P60 also expressed interest in the display with forecast usage even 
though he gave no previous mention of budgeting. His billing cycle is quarterly so he 
suggested having the forecast as monthly or quarterly, rather than weekly, would be 
more useful to him (P60). 

Unsurprisingly, the participant who performed their budgeting on an annual basis 
found interest in the ‘moving window’ showing their daily consumption values for 
gas and electricity as an annual chart (see Figure 4.6) (P53). Using the ‘average’ 
line helped them determine their monthly budget, and although this value was not 
seasonally adjusted they were able to estimate a seasonal fgure based on their 
existing knowledge of the seasonal variation in their consumption (P53). Since annual 
forecasting is usually based on a projection of historic (rather than current) use she 
found using the chart of consumption for the past year preferable to a computer-
generated forecast, as she felt better placed to predict any differences in lifestyle, 
occupancy, or appliances than would a simple computer prediction. 

In contrast, other participants did not use the annual chart but simply took the gross 
annual consumption fgures from their energy bill as a base to predict next year’s 
consumption (P58,P59). It is possible P53 would have done this also if she had not 
previously expressed a lack of trust in supplier’s energy bills arising from confusion 
about the printed calculations. 

Observing which resources people use, and how they use them, suggests there is 
a link between timeframe and data accuracy. People need more accuracy the closer 
the timeframe: for pre-payment users the data displayed must be correct; for monthly 
Direct Debit users a good estimate is suffcient; while for annual calculations a 
reasonable guess will suffce as people recognise so much can change over the course 
of a year, either in lifestyle, weather events, or other variables. 

It was hoped participants would make use of the facility to set a weekly or monthly 
Goal-setting budget. In practice, they made little use of this function. Any goal-setting, and tracking, 

was performed mentally (P54). Participant P59 preferred to continue to use his utility 
bill for budget tracking as it covered not just his gas and electricity but also other 
utilities including telephone, internet, water. Thus a challenge for energy informatics 
is how to gain explicit sign up to a motivational goal. 
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But, the mere setting of goals can be problematic: people rarely set out to save 
a particular amount, but just try to make a reduction. Although he did not use the 
budgeting function, P60 thought it would be very useful — “At the moment I’m not 
particularly looking to cut my energy usage down necessarily, but if I did think, you 
know, I want to save ten [or] twenty quid here a month or something, having this sort 
of budget thing could be very useful” (P60). 

P60 offered an interesting approach to budgeting: he asked for a way to make 
savings by monitoring the average consumption over a rolling period of three months, 
the intention being to smooth short-term variation in his electricity consumption for 
monitoring purposes. This probably refects the fact his billing is quarterly. Perhaps 
unsurprisingly, people think about budgeting/tracking over the same time period as 
their billing cycle: weekly (notional) for pre-pay, monthly for Direct Debit, quarterly 
for standard arrears billing. 

Group 1 participants were already conserving to a limit. It was expected they would Conservation 

be interested in the energy used by appliances and family activities to provide more behaviour 

detail on where further savings might be realised (e.g. the hourly-breakdown chart). 
In practice, there was no interest in this area of the dashboard. The inference drawn 
is they have already conserved to the level which they consider non-negotiable, so 
additional information is unnecessary (F1). Similarly, F5 had no interest in historic 
consumption as she could not relate it to spending in the current period. 

It was expected people looking for evidence of their energy effciency would likely 
be seeking self-comparative consumption — this was borne out by P52 and P57 who 
particularly looked for this type of information. 

Participation P59 was identifed as someone who preferred energy saving advice (in 
addition to consumption data). It was expected, therefore, that his use of the website 
would be low since it did not include advice tips functionality, and this was observed 
in practice. 

The desire to not waste energy was a recurring theme amongst several of the 
participants. In general, they found it diffcult to identify waste consumption from the Hiding baseload 

interface. They would have liked some way of hiding baseload consumption to better 
identify negotiable from non-negotiable consumption. 

The previous chapter found people do not separate activities (e.g. clothes washing) 
from appliances (e.g. washing machine): these are considered one and the same. So 
informatics cannot consider either in isolation. Washing uses the washing machine. 
Washing machine is part of washing activity. Although the dashboard did not separate 
these two entities this was not a concern to the participants: they readily switched 
between referring to appliances and activities as the need arose. This was most 
noticeable when they considered their baseline consumption, and non-negotiable 
use: activities tended to be non-negotiable.5 Several participants thought the ability 
to hide certain appliances and activities from the charts would be a useful addition 
(P52,P59,P60). 

People looking to reduce their electricity consumption found more interest in the Changing use of 
interfaces 

5 ’Appliances’ are often turned into ’activities’: for example, energy used by the television 
becomes “watching telly” (P60). 
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CC display than in the website interface for this. At least in the frst instance: after 
they had learned their devices’ consumption (and the CC no longer provided new 
information) they looked more to the website to try to answer their questions about 
activity consumption. Unfortunately, disaggregated consumption was not available so 
they found it diffcult to fnd this information. 

Certain dimensions, notably lifestyle related behaviours, were very diffcult to 
Lifestyle identify in participants’ use of the interface. 

Participants whose consumption was affected by occupancy could not see how the 
interface could help them with understanding their consumption during periods of 
change. They could see the impact on their daily and weekly consumption, but that 
was expected and did not provide any additional knowledge. 

Participant P57 liked the ‘daily nudge’ of the CC display as a regular reminder to 
think about her energy use. Having a young family and full-time job meant she rarely 
remembered to log-in to the website. 

Designing interfaces which support differing lifestyle impacts is therefore chal-
lenging, despite this being identifed, in this study, as exerting a signifcant effect on 
intervention outcomes. 

S U M M A RY O F C H A P T E R 7 : I N D I V I D UA L D I F F E R E N C E S I N R E S P O N S E S 

T O I N F O R M AT I O N I N T E R F AC E 

Participants generally found the dashboard easy to navigate and change views (e.g. 
between charts of electricity and gas), including Group 2 users who were not shown 
how to do this. They generally had good comprehension of the information presented 
and there was evidence of spontaneous comments linking the information to their 
own lives. 

This research did not set out to change people’s behaviour but to understand more 
about it. 

Understanding how people will respond to energy technology allows better predic-
tion of the user’s reaction and engagement. 

Chapters 6 and 7 have shown that not only are there individual differences in the 
ways that people manage energy but those differences impact the way they engage 
with energy information such as the intervention used in this research. 

The fnal chapter reviews the fndings of this research, summarises its relevance, 
and advocates its utility. 
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D I S C U S S I O N A N D C O N C L U S I O N S 

“ Tacit knowledge about domestic energy is the type of practical 
knowledge that may be gained simply by living in a home, operating 
the energy-using equipment there and observing the consequences.” 

Darby (2003) 

P R E F AC E T O C H A P T E R 8 

The previous two chapters discussed: (i) the fndings from discussions with par-
ticipants and observations in their homes, and (ii) their reactions to the energy 
information display which was created for this research. 

This chapter pulls the threads of the current research together. It reviews the 
research hypothesis and provides evidence supporting the research claim. 

In Chapter 3 it was noted this research was in two phases: 
• Investigate hypothesised existence of individual differences, and characterise 

the nature of those differences. 

• Investigate how those individual differences affected people’s response to a 
feedback intervention which was created specifcally for this work. 

The purpose being to evidence the claim: 
• People understand energy in different ways because of their different priorities, 

different lifestyles, and different energy ecologies. But at some level everybody 
thinks in a similar way (e.g. monthly budgeting). People actively interpret the 
resources around them to develop an understanding of their energy ‘world’. 

Findings from this research show that people are active sense-makers able to 
construct a good understanding of their energy ecology even in the absence of an 
intervention. 

People make sense of energy in different ways according to their different lifestyles, 
beliefs, values, priorities, goals, available resources, and existing tacit understandings. 
The same user response might be brought about by different understandings or drivers; 
alternatively, the same intervention can result in very different actions for different 
people. 

The sense they make of their energy use affects how they appropriate feedback 
information, and this might explain the variability observed in feedback interventions. 
Designing feedback interventions which accommodate people’s individuated response 
will reduce that variability. 

143 
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Understanding the dimensions of differences between people, and how those 
differences affect their response to energy interventions and feedback content, offers 
potential for interventions matched to the specifc characteristics of the participants. 

8.1 T H E M E S 

Several themes relevant to people’s engagement with their energy consumption were 
uncovered in the analysis of the data collected by his research. 

Sense-Making 

“It’s not telling me anything which I didn’t know before but it’s now 
giving me in a more graphical way that makes sense.” (P54) 

Knowledge and understanding of household energy consumption develops over 
time. New information is contextualised by people’s existing experience and tacit 
knowledge. Several participants (F4,P53,P54,P58) reported using their previous house 
as a starting point for gauging their current energy use — “I just fgured it out because 
of the last place that I lived at. Last place I lived they wanted ten pound on gas ten 
pound on electric. Then after a couple of months of being here I fgured it was more 
warmer in the summer. So I’ll drop it down to fve” (F4). 

This study evidences the claim that knowledge is based on experience. One could 
argue such experience is divorced from information assimilation, but it seems that 
feedback data is internalised and then becomes experience. 

It is this experience which is both benefcial and detrimental to energy behaviour. 
Benefcial in the sense of being able to notice anomalous consumption, but detrimental 
in the situation where new feedback information is seen as being in disagreement 
to their existing experience — “I don’t think we’re using what it’s saying.” (F1); 
“it lies about the days [credit remaining]” (F5); “it’s...nothing’s accurate, it’s not 
accurate” (F5). This is particularly pronounced for the social housing participants of 
Group 1: fnancial management is very important and they have developed, through 
trial and error, an understanding of the level and variability of their energy use. New 
information is not taken as gospel but is evaluated in the light in existing knowledge, 
and rejected if it is a poor ft: people preferring to trust their own judgment rather than 
blindly believe the feedback.1 

This introduces a barrier between the informatics and the user. This barrier might be 
overcome if the new data could be justifed — shown to be valid — but few feedback 
interventions offer evidence in support of their displayed data (e.g. no drill-down 
function which would allow the user to refect on and explain, to themselves, the 
displayed values). 

This can lead to disinterest in the feedback display and its physical disconnection 
(F5). 

1 This was observed also in Group 2: for example, P59 noted, “I realised it was a negative 
reading so, I was generating 500 watts then all of a sudden switch on the vacuum cleaner 
and it went down to zero more or less.” He correctly determined the IHD was displaying his 
microgeneration incorrectly. 
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As people’s understanding develops so their information needs change. P54 was 
initially interested in cost but then, once he understood his energy cost, his interest 
shifted to the thermal behaviour of his house (e.g. heating response time). At the frst 
meeting his concern was how much his energy would cost: he had not owned a house 
before so had no previous experience — “I was living in shared accommodation 
where it was bills inclusive so I probably don’t have any idea.” (P54). Using the IHD 

to measure whole-house, and individual appliance, consumption allowed him to gain 
suffcient understanding of his energy use and be content with his level of spending. 
Subsequently he felt he could actually increase his energy spend a little to enjoy 
increased thermal comfort. By the third meeting the house was noticeably warmer, 
and he was less concerned with keeping room doors closed. 

This illustrates that behaviour changes are built upon people’s existing understand-
ings and management: as he acquired new knowledge from the IHD then his priorities 
changed. 

Participant P52’s interest was in developing a baseline for his energy consumption 
and judging whether it was “good” or “bad”. He was not actively seeking reduction or 
curtailment: rather he was seeking feedback on the return for his previous investments 
in energy-effcient building works — “So for me it would be quite useful to see, 
having done all that work, is it performing as it should be.” (P52). At the end of the 
study he was asked if his understanding had changed — “I wouldn’t say it’s changed 
but I’d say maybe it’s been sort of more confrmed. I mean, you know, we know we’re 
okay. We’re not fantastic but we’re not out of control.” (P52). 

Refecting on his energy-consuming activities had enabled him to make sense of 
his electricity consumption. 

Differing interests results in differing information requirements. Participant P53 
recognised the largest impact on her energy consumption was the cost of heating, 
which in turn was strongly infuenced by the weather — “Weather, I think the weather’s 
the main impact...it’s the heating.” (P53). To aid her understanding of the effect of 
weather she sought weather-normalised feedback. While other participants were aware 
of weather effects only she and P59 — “I’m interested in the average temperatures 
because that will affect a lot of things.” (P59) — mentioned an active desire for 
weather compensation in the data. However, weather compensation for short-term 
energy consumption forecasting is diffcult which might explain the low level of 
interest in normalised data: people are prepared to use their experience to judge the 
effect of weather without needing accurate predictions. 

Interestingly, P57 used her experience to predict her electricity consumption would 
go up in the summer while the children are on school holiday — “Electricity not so 
much [reduction in monthly use] because with the boys around there does seem to be 
more washing, the television’s on, and a lot of the time probably more lighting that’s 
used.” (P57). Making these mental predictions about future usage makes it easier to 
identify unexpected energy use. 

People make sense of energy according to their different priorities, different 
lifestyles, and different energy ecologies. 
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They use various resources as indicators of their energy consumption, and make 
subtle interpretations — “I was quite pleased to see the snow stayed on the roof for 
quite a while so that was a good sign.” (P52). 

P54 purchased a system to allow remote control of his heating from his mobile 
phone. Initially this was to allow better control of his home heating system and not 
waste money heating his home while it was unoccupied, but after a period of time 
during which he became more knowledgable about, and comfortable with, his monthly 
energy cost he started to use the system to ensure the house was always warm when 
he arrived home from work — “It was bought to reduce the bill. But when I got it it 
became sort of like a comfort.” (P54). His priority had changed (from cost saving to 
thermal comfort), and the resources he had available (IHD information display; smart 
heating system) helped to realise that change. He was conscious of this change to his 
behaviour and expressed some consumption guilt as a result. 

People intuitively developed an understanding of their baseline consumption and 
what it comprised — “If nothing is used then I’m using like about 250 300, but 
that’s because the fridge is on and stuff like that.” (P54). Deviation from this baseline 
occasioned refection — “I do try and learn you know if it’s done something a little 
bit unpredictable and I’m thinking oh actually I don’t know why that went up that 
much.” (P53). 

The baseline is then seen as ‘normal’ consumption. But the baseline is not a single 
value: it varies according to the activities which it comprises — “I’m constantly using 
that very quickly to work out what things are using” (P60). Those who had determined 
a baseline level where readily able to list the component appliances contributing to 
the total. And they were generally able to list the appliances in terms of their relative 
energy cost; although there was some confusion around appliances with varying 
consumption, such as washing machines as the consumption changes during the wash 
cycle (P59). The spike in electricity consumption when high-power appliances such 
as a kettle are turned on (see Box 5.3) was recognised as being ephemeral — “it’s 
kind of misleading you know cos’ you put the kettle on and it says oh the cost rate 
will be 70 pound for the month, well yeah but I’m not boiling the kettle constantly for 
30 days am I” (P53). 

Changing the material culture and helping people make sense of their energy 
ecology is an effective method of infuencing energy attitudes, expectations, and 
practices. Refecting on how his understanding of his energy had changed: 

“I’m a bit more cautious in terms of what I’m using and just to minimize 
waste. Yeah. Especially with now I’ve got the smart heating I generally 
don’t turn it on when I’m not here and I try to only use it when it’s 
needed. And if I have like forgotten if say I’m going away, and I forgot 
to turn the heating off, I can just do it with my smart heating, and then 
check it on the dashboard how much the usage is and it turns out like 
25p for electric and gas.” (P54). 

He has constructed an awareness of what constitutes unnecessary usage (waste); 
developed a method for actively managing his consumption according to his changing 
routines; knows how to fnd data on his energy use; and is able to assess the 
signifcance of energy events. 
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Environmentalism 

A distinction is made in this study between awareness and consciousness — for 
example, in energy awareness/conscience, and environmental awareness/conscience. 
This distinction is used to highlight the difference in people’s perception and response: 
‘awareness’ — “we would prefer [the energy] to be from a green source” (P52) — 
implies a passive response, whereas ‘conscience’ — “It’s not just the saving money 
side of it, but it’s also trying to be as green as you can, so that you don’t affect the 
environment too adversely” (P53) — implies a more active response. 

With the exception of two eco-sceptics in the group (P59,P60), Group 2 participants 
all referenced environmental beliefs, however only two were deemed to exhibit 
environmental conscience (rather than awareness) (P53,P57). This is observed in the 
coding for P53 and P57 which is high for Energy Behaviour. 

The difference exhibits itself in terms of people’s likelihood of taking action — 
such as changing their practices or behaviours — without the promise of a reward. 
The conscience attribute suggests someone more likely to take action for social or 
altruistic reasons. 

But, in this study, altruism was not unbridled but moderated by a desire to also save 
money. P53 shows strong environmental conscience, but is also interested in reducing 
cost: she is retiring from her employment in a few years’ time and is concerned 
whether her pension payments will cover her expenses. She is prepared to invest in 
energy effciency measures (such as buying a new refrigerator) but is troubled by the 
embodied energy cost of replacing a functional appliance just for minor savings in 
effciency, so has not done so. 

In contrast, participants who exhibited awareness (rather than conscience) were 
more likely to be motivated into action — P58 was aware of the embodied energy 
element in his new refrigerator but felt the energy effciency (actually cost) savings 
outweighed this negative. 

Interventions seeking to target environmental values should consider the likelihood 
of action. Exhortations to ‘save the planet’ can have a stressful, or negative effect, 
depending on the context of the value-laden message (P53), and are simply ignored if 
environmental considerations are not relevant to the participant (P59). 

Environmental awareness was identifed in Group 1 (F4,F5) but with limited scope 
for change it was not a material consideration for this group. 

Budgeting 

Budgeting behaviour was evident across all participants, but performed in differing 
ways. At the top level there is a difference between the Groups: Group 1 need a fxed 
weekly/monthly spend (if they go over-budget they risk disconnection of supply), 
whereas for Group 2 there is more leeway (they can spend over-budget with less 
diffculty). 

The data suggest people develop simple rules based on their available resources. 
Using experience and basic information presented on the energy supply meter, people 
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in Group 1 were able to determine simple heuristics for when to top-up their meter, 
and by how much. 

Similarly, Group 2 participants developed simple rules based on the initial amount 
of the monthly Direct Debit payment: changes in energy consumption were then seen 
as being relative to this starting point. 

People have a budget but are unable to say how they derived it. It seems to be 
based on experience and is often a ‘good’ estimate/guess, but they cannot explain the 
calculation — “If I’m honest I’ve never thought about it.” (P56). 

Budgeting and forecasting are observed as separate behaviours. The former estab-
lishes a level of fnancial spend together with a plan for meeting its obligations. For 
example, F4 overpays on her pre-payment meters during the summer months to build 
up a buffer for the winter period when her energy use is higher. 

The same behaviour is reported by post-payment participants —”I tend to have a 
look at it, see where I’m going over the year and I think if I pay £50 a month that’ll 
cover the peaks and the troughs” (P54). The desire is to level out the monthly spend 
so it is more even throughout the year. 

Forecasting is different in as much as no actual fnancial buffer is created, and it 
seeks just an awareness of what the annual (or monthly) cost will be — “It’s based 
upon my experience of last year, that’s why I would take it as a benchmark so it would 
be around that.” (P54). 

Budget monitoring differs in practice but not in principle between pre-pay and 
post-pay users. Pre-pay users add credit to their account when the remaining credit 
drops below a self-determined limit — “So then at twenty pound you’ve got to go and 
get some more” (F1). Post-pay users monitor their energy bills for the invoiced debit 
amount exceeding their self-determined limit. 

The budget, for both pre-pay and post-pay users, is set based on knowledge 
and experience of previous energy costs, combined with an empirically determined 
monthly spend — “I just fgured it out because of the last place that I lived at.” (F4). 

What is clear is that budgeting is occasioned in terms of fnancial cost. The sole 
exception was P58 who generally thinks in terms of kWh rather than £ — “I got my 
electricity usage down from about seven and a half thousand units a year down to 
about 5,300” (P58). 

However his preference for kilowatt-hours is driven by his use of solar PV2 so may 
not be representative. The other solar PV user in this study (P59) budgets in terms of 
money and not kilowatt-hours3. 

Budgeting behaviour evidenced in this study is more about avoidance of ‘bill 
shock’ from an unexpectedly high billed cost, or from running out of credit, rather 
than fnancial budgeting through savings. The predominant approach is to avoid the 
monthly energy cost being more than expected — “I’m just concerned about what 

2 Differences in tariffs for generated, exported, and imported electricity means it is easier to think 
in terms of kWh than £. 

3 Family income level induces a focus on money. 

http:unabletosayhowtheyderivedit.It
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goes out of my bank each month.” (P54); “I’m just hoping that we’re not going over 
above what we did last month, you know.” (P59). 

For F1 and F4, who are both pre-payment users, one might argue that spreading 
the cost throughout the year by deliberately building up credit is also a tactic to avoid 
bill-shock. 

Comfort 

Comfort usually refers to thermal comfort, but other practices (such as washing 
clothes, bathing) can also be considered as comfort. Energy use here can be for 
personal values — “quite often, twice a day I [run] baths [for the children]” (F5) 
— or for health reasons — “We’re advised to use a tumble dryer, because of the 
[children’s] allergies and hay fever” (P57) — or other personal reasons. In the case 
of F5 (fuel-poor household) she bathes the children, and washes clothes, twice a day 
to meet her personal values despite the cost of the energy. 

It is interesting to note the differences between the two Groups in this study using 
room temperature as an indicator of the occupants’ thermal comfort level. Room 
temperature observed at the time of the frst interview (Table 8.1) suggest Group 1 
prefer a warmer room temperature than Group 2 occupants. 

Table 8.1: Room temperature (Celsius) at time of frst visit. 

Participant Group 1 Group 2 

F1 F2 F4 F5 F6 H25 P52 P53 P54 P57 P59 P60 

Temperature 21 20 24 24 20 25 15 16 17 13 18 18 

The scale of the difference between the groups was surprising. The houses in Group 
1 had been subject to super-insulation building works which might explain some of 
the difference. However, it should be noted that some households in Group 1 (F1) 
spend more money on energy than several houses in Group 2.4 

None of the participants expressed dissatisfaction with that temperature or sugges-
ted that it was abnormal. P53 and P57 were noticeably agitated at the suggestion they 
turn down their thermostats by one degree as proposed by government information 
campaigns — “We’ve already turned it down by about fve according to most people’s 
houses so no, no thank you.” (P57). “I think if they recommended that people had 
their heating at 20 degrees say that would be a more sensible piece of advice than 
turn it down by a degree. It wouldn’t mean I’d turn mine up.” (P53) 

People are aware of the effect their comfort actions have on their energy use: an 
awareness developed through experience and learning — “Because there’s no point 
in turning the heating on for the whole of the house if you’re going to sit and watch 
telly all evening. So probably better just to spend a few pennies on electric [fre] than 
heat up the whole house.” (P59). 

4 Even allowing for the difference in the tariffs where pre-pay tariffs are higher than post-pay (in 
the UK). 
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Energy used for heating is recognised as being a signifcant proportion of energy 
spending, while also being something over which people have substantial control 
through conservation habits such as using electric blankets for localised heating (P54), 
or adjusting amount of clothing worn (P52,P54,P55,P56,P57,P59,P60)5 — “we don’t 
mind being here with a blanket in the living room, and then if we are cold we go to 
bed.” (P56). 

Thermal comfort and cleanliness are things which people value — “Yes, we could 
turn [the heating] down another degree, but you know, there are benefts of living in 
the modern world.” (P57) — and considered as part of the ‘cost of living’. 

Energy Savings 

As a motivator for behaviour change, energy savings are not a high priority. Imple-
menting an intervention and expecting everyone to make energy savings is unrealistic. 
Interventions need to be aware of both the circumstance of the individual, and their 
capacity and desire for change. F5 is not interested in saving: she has already curtailed 
her consumption to the limit and is unable to save any further — “Save costs...well I 
couldn’t do more, I did turn everything down.” (F5). In fact, she already has a deep 
understanding of her energy consumption and so has no need for informatics beyond 
the amount of credit remaining displayed on the supply meter. P58 already conserves 
to a limit with which he is comfortable and is seeking additional knowledge rather 
than savings. 

Understanding energy use is a personal refective process. P53 did not set out to 
make savings: her interest was to evidence her belief that she was frugal with energy. 
She developed her own paper record (see Figure 6.4) and then determined her own 
goal of shaving off the peaks in her daily electricity consumption. She was able to 
make some small savings following minor changes to daily routines. Although the 
precise value was unquantifed, she was pleased to have been able to make a saving of 
any size: partly because she was already very frugal so fnding new areas for savings 
was surprising and informative to her — “Just trying to guess really what it might 
predict because I’ve used a lot, to say well actually I know it’s going to go up because 
I’ve done x y and z today” (P53). 

Avoiding ‘waste’ was unanimously mentioned by all participants as something 
they wished to avoid. This was true even for P60, who was profigate in his energy 
use: he references “unnecessary” consumption — “if there’s some extra lights on and 
stuff maybe when I walk past them I’ll fick them off ” (P60). 

Of course, it depends on how one determines ‘waste’, which is tied in with non-
negotiability of certain energy consuming practices: one person’s waste is another 
person’s non-negotiable consumption — “I’m trying to avoid the tumble dryer, and I 
know that that has a huge electricity consumption.” (P56); “It doesn’t mean I’m going 
to get rid of my tumble dryer, I’ll just live with it.” (P60). 

5 This was not mentioned by Group 1 participants, possibly because their homes are now super-
insualated such that the ambient average temperature is higher. 
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Participants in both Groups refected on the presence of a baseline ‘minimum 
consumption’ level which was either non-negotiable (e.g. F5 keeping her children 
clean) or not practical to change (e.g. P59 cannot afford to replace refrigerator), 
and considered as a sunk cost. For P60 he sees any potential saving as being small 
compared to the baseline value so why bother — “I just wouldn’t bother doing that 
because what’s the point, it’s probably not costing me anything” (P60). However, on 
further questioning, this behaviour is open to negotiation depending on the return on 
effort: the value of the annual saving — “If it was a few very small changes that don’t 
affect how I’m using stuff, if all of that adds up to a reasonably signifcant number in 
that region [£50p.a.], I think it ends up being worth doing I guess” (P60). 

Most participants in Group 2 used the CC IHD to attempt to measure the disaggreg-
ated energy use by appliances and devices they used — “since we’ve had the energy 
monitor in I did send a picture to my girlfriend when she was drying her hair in the 
morning and pointing out she was using two kilowatts to dry her hair!” (P52) — 
leading to refection on their use — “She was like yeah it is only a cheap hair dryer, 
so maybe a newer and more energy effcient one would be a bit better” (P52). 

Despite the IHD only displaying aggregate (whole-house) consumption, people 
were able to identify individual devices – “I think the computer was around 200 odd 
when it sort of settled, which I was quite surprised, so it’s lower than the telly” (P60). 

P60 refected on the appliances he owns and the way he uses them, but is unlikely 
to change his habits signifcantly: he gives the example of turning off lights as easy 
thing to do but would not switch his television off at the wall as it is too awkward 
to reach. In contrast, other participants (P53,P56,P59) purchased an extension cable 
(‘powerstrip’) so they could easily switch off devices on standby: this had not occurred 
to P60. 

Asked to defne her meaning of the term ‘saving’ in the context of energy, P56 
affrmed the general conviction that people are focussed on cost rather than kilowatt-
hours — “Money in the. . . money in the frst place. Money in the frst place but also 
energy. . . energy at the same time.” (P56). 

Life-style 

Behaviours associated with lifestyle exert a strong infuence on people’s responses to 
energy intervention. 

Thinking about energy is not a major activity to participant F1 even though she 
monitors and manages her spending — “It’s just part of everyday life. I’m just 
conscious of it.” (F1). A counterpoint is H25 who has a good understanding of her 
approximate energy spend per quarter, uses experience to adjust for seasonal and 
weather variation, and manages her fnances well within the family income — “So 
long as I’ve got enough money to pay my bills and food, that’s all I’m worried about. 
Yeah. I don’t even worry about it, you know.” (H25). Finally, F5 for whom checking 
her remaining energy credit (on the supply meters) is an everyday activity — “I use 
the emergency [credit] and then pay it [off]...what I’ve used off my emergency I just 
pay that.” (P5). 
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But, F5 accepts that as habitual behaviour and is not distressed by managing the 
family fnances this way: provided her house is warm, and her children’s clothes are 
clean, then she is content. 

It is generally accepted that certain energy consumption is ‘non-negotiable’ re-
ferring to consumption which people say they are unable, or unwilling, to change. 
Such consumption is discounted when people are refecting on areas where they could 
reduce their energy consumption (Pierce, Fan, et al., 2010; Strengers, 2011b).6 

But, the reality is perhaps not clear cut: there is evidence of subtle difference 
between background consumption — things which cannot be changed by curtailment: 
“No-one turns the fridge off.” (F1) — and elective consumption: consumption which 
is optional but the user has determined, for their own purposes, to be unchangeable 
— “I don’t know if I’d ever purposefully cut down on certain things that I felt would 
affect me.” (P60). Background consumption is to all intents invisible, whereas people 
are aware of their elective consumption but actively discount it. 

This distinction suggests elective-non-negotiable energy could become negotiable 
if the circumstances were changed favourably: but the driver for such change would 
be very personal and individualised. 

However, people do not voice the distinction between background and elective but 
mix together non-negotiable behaviours — “I’ve got to keep the fridge running, I’ve 
got to keep the heating on, I’ve got to wash my clothes.” (P53). It is not that they 
believe none of it can be changed (since it can be, through investment behaviour for 
example), but that they do not want to expend effort on something deemed inelastic. 

But it is not just ‘things’ which are subject to non-negotiability: daily routines 
affects how people behave, and how they engage with energy. This is especially 
true for families with children. Taking children to school; frequent clothes washing; 
preparing meals at certain times: these things are not negotiable. They cannot be 
time-shifted and they cannot be avoided — “[My daughter] has breakfast at school. 
She’s got to be there for 8 o’clock.” (F5). 

Energy use in the home is a balance between competing demands. P59 wants to 
turn down the heating thermostat to save money, preferring to wear a pullover, but his 
wife likes the house warmer. Their daughter uses much electricity for her hair-dryer 
and electronic devices. As a result they have reached a compromise: turn down the 
heating and buy a small electric fre for the living room — “But I’m dragging my 
heels on that, I’ll wait till the sales maybe” (P59). 

A similar observation came from subject U — “And we are always arguing because 
we have the thermostat and [he] always tries to switch off the heating, and to put it on 
19 degrees, and sometimes even less, 18 degrees, and for me that’s too cold.” (P59). 

But it is not just thermal comfort which is subject to the effect of family. For energy 
conscious individuals who wish to enable change at home, the process can involve 
a protracted negotiation: P57 recognises that she will have only a small impact by 
herself and the whole family needs to be involved — “And that’s tricky. You can 

6 Note that non-negotiability references curtailment behaviours, since effciency behaviours 
(purchase and maintenance related behaviours) are still possible and are suggested in literature 
as being the only way to affect non-negotiable consumption. 



8.1 T H E M E S 153 

have one convert, but there’s a lot more work to do before really signifcant changes 
happen. I will only have a small impact.” (P57). 

Changing long-term habits can be challenging, but if the impact on daily life is 
small they may be more likely to be sustained — “changing habits is a big thing, but 
the impact it’s having on a daily basis is a small impact.” (P57). She recognises these 
“tweaks” may not be signifcant personally (from an environmentalism perspective) 
but are a means to gaining family involvement in energy conservation — “we won’t 
wash [clothes] until we’ve got a full load. Those kind of things. So it’s just the really 
small tweaks that you can make which are easy. Bigger tweaks are more diffcult to 
get your head round, particularly with a family.” (P56). 

Interestingly, P52 also talked about small changes — “So yeah I made a few tweaks 
here and there, you know what we could. I don’t know if I’ve seen as drastic a change 
as I thought I might do” (P52). 

Conjecture: people are interested in tweaks, and making small changes, not just 
because they are likely easier to implement but also as something which minimises 
any impact on their existing lifestyle. 

P60 perhaps voices this the best when he says, “What’s something that I don’t mind 
stopping, without affecting the day-to-day.” (P60). 

Beyond family involvement in the energy decision process, the effect on energy 
consumption of varying patterns of multiple occupancy is more pronounced with a 
family — “my usage has fuctuated by 20 percent or more as different people have 
come back and lived with me and then gone back to university or whatever.” (P58). 

Even the single person P54 voiced issues with heating because of his occupancy 
pattern due to his work routines — “sometimes I stay to work till 7:30 and by the 
time I’m home [the heating’s] already off, so I have to turn it on again.” (P52). 

The two participants with solar PV time-shift activities to reduce cost, taking 
advantage of their micro-generation. None of the other participants time-shifted their 
consumption, presumably because there was no fnancial reward in doing so. Only 
P55 and P56 are on the ‘Economy 7’ reduced tariff during night-time and even they 
did not use it as it was too inconvenient — “If we were going to run anything at night 
it would be the washing machine because that’s got a timer. The dishwasher doesn’t 
have a delay time, so I’m not going to get out of bed at one in the morning to turn the 
bloody thing on.” (P55). 

Engagement 

The comment “I don’t know what we can really do to reduce electricity use.” (P59) 
might explain the apparent poor engagement with energy informatics. People have to 
be motivated to engage — since they are aware it is going to require effort on their part 
— and if they cannot see a valid reason (which might be cost reductions, environmental 
conscience, etc.) they are disinclined to play an active part. This participant is aware of 
his energy use (he has previously measured individual appliances, regularly monitors 
his bills, and tracks his own meter readings) but simply does not know what to do 
to make worthwhile reductions (“a lot of these things you spend money and it only 
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makes like 5% reduction in your bills and you think is it really worth it” (P59) — a 
view expressed also by P52 and P60.). 

An alternate view from P53, “then I realised that there wasn’t a lot I could do 
about saving anything anymore”, offers a slightly different take on reasons for non-
engagement: if people believe they have done all they can then what will prompt 
them to look again at their energy use. Just offering a generic information system is 
unlikely to elicit action: P53 already had a CC monitor in the back of a cupboard but 
had no interest in using it until her interest was re-awakened by taking part in this 
study. 

Different people have different reasons for engaging with energy informatics. P54 
engaged as he was seeking information on where his energy was being used: he knew 
the total bill but did not know if that was good or bad — “I’ve got nothing to compare 
them with. So it is what it is.” (P54) — or where improvements could be made. 
A hypothesis suggested here is because feedback typically is“it’s just a number” 
(P52) and people cannot immediately see how to relate that to the information they 
want to know, which appears to be appliance consumption and activity consumption. 
In contrast to P54, P52 engaged because he was looking to validate his capital 
expenditure on house refurbishment: using the information here to validate what he 
already knew/suspected — “It will be interesting for me to see how effcient we are in 
the house.” (P52) — but not looking to make further changes. 

Published literature suggests information displays may be hidden away into the 
background after a period of time, with the suggestion being that people have learnt all 
they want to know from the display, or that they have surpassed its content. Evidence 
for this was found in the current study (F1,F5,P52: switched off; P59: hidden behind 
houseplant). But there is more nuance than this. P54 (a self-styled technophile) was 
initially excited with the CC IHD and used it to measure individual appliances and 
devices, but, by the second meeting, he reported fnding the constant nagging off-
putting and stressful — “I put it at my bedside at the start and then I would like fnd 
I can’t do anything.”7 (P54) — and relegated the display to a high shelf next to the 
cooker where it was no longer so visible but available for occasional glances — “I 
just put it in the kitchen where I can see it every passing by.” (P54).8 In contrast, 
P57 used the IHD for only a short period (to measure specifc appliances) and then 
unplugged it but left it in its position on the window cill: she said it did not need to be 
switched on as just by opening the curtains in the morning and seeing the switched-off 
Current Cost monitor made her think about being energy aware for the rest of the 
day. Asked how she would react to the monitor no longer being there she replied 
she had considered putting a sticker on the window behind where it stood to act as a 
replacement reminder when she opened the curtains in the morning. 

7 He kept it in the bedroom so he could check ’everything was switched off’ when he went to 
bed, by recognising his baseline consumption. P60 reported a similar activity at bedtime. 

8 He also felt this location, next to the cooker, was more appropriate since the electric cooker 
was his highest consumer of electricity. 
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F5 initially used her smart meter IHD but subsequently switched it off as the same 
information is provided by the supply meters, and the display consumes electricity — 
“I do use it, but to save a bit of electric I just don’t plug it in.” (F5).9 

IHD use was low in Group 1, predominantly because they were content with their 
existing level of knowledge-through-experience and did not require additional data — 
“No need to look.” (F4). Sometimes they used it simply to confrm what they already 
knew and then switched it off (F6). 

Engagement with energy feedback goes through stages. The general usage seems 
to use present consumption plus historic consumption to develop understandings, then 
use present consumption plus future consumption to watch for anomalies. 

The initial period is marked by measuring the energy consumption of various 
appliances — “I discovered that the electric shower the electricity consumption is 
huge” (P56) — and developing an understanding of their regular usage — “I quite 
like that it gives me like morning, afternoon, evening charts. It would have two 
bars on weekdays, in weekends it would have three four bars maybe fve because I 
could be doing things like my washing in the afternoon, my ironing in the afternoon, 
heating might be on during the afternoon, whereas during weekday it would be off.” 
(P54). Using this simple graphic, P54 was able to make complex inferences about its 
meaning. (P53 did likewise with this graphic.) 

After this initial phase of learning the interest in the informatics turned more 
towards monitoring for anomalous (unexpected) consumption — “I suppose the only 
time you look at it is when [the bill is] really really big.” (P52) — and forecasting 
future consumption, more particularly checking future spending does not exceed 
expectations — “once you know what’s expensive and what’s not, it’s not going to 
change.” (P57). 

An outcome reported in published literature is the lack of persistence of energy 
savings realised during a study, and energy use reverts to its previous level after 
a period of time: either because of a change in energy-consuming practice or the 
novelty has worn off or the end of the trial. However the current study found ongoing 
engagement over an extended period of time which suggests people have integrated 
the intervention into their everyday lives. For example, P54 continues to use the web 
dashboard every day despite the study having ended. Not all require continued use of 
the intervention: P53 continues with her paper record of daily electricity use. People 
developed their own tools and resources on the back of their involvement in this study. 
They developed these practices soon after the study started which might suggest that 
relatively short interventions can produce good results beyond the initial novelty 
phase of engagement provided the feedback content promotes refection and agency 
beyond a simple curtailment response. 

It is clear that people require some spur and encouragement to examine their energy 
consumption: irrespective of whether that spur is external — “it’s good that someone 
like pushes you, otherwise I wouldn’t do it” (P56) — or internal — “I’m looking for 
more information for myself and also maybe push myself to do something about it 

9 The irony of a device to monitor energy consumption requiring electricity to work was 
mentioned by several participants (F2,F5,P52,P53,P56,P57,P58). 
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a little bit more” (P59). Existing general information campaigns and exhortations 
to reduce energy consumption appear insuffcient on their own: something more 
‘personal’, and inviting, seems benefcial. 

Similarities and Differences 

A signifcant number of differences, and similarities, are illustrated in the previous 
paragraphs. The same information prompt can manifest as very different actions 
depending on the context and environment in which the information is presented 
(F2 vs. H25)10. Conversely it is not necessary for people to think the same for them 
to behave the same way: different prompts can result in similar outcomes (P59 vs. 
P60)11. 

An anticipated behaviour can manifest itself in differing responses, thus complic-
ating attempts at predicting people’s response to an intervention. Differing priorities, 
lifestyles, and resources, moderates people’s desire, capacity, and need, to take action 
in response to energy informatics. Furthermore, the relative importance between 
these moderators is not fxed, meaning that energy interventions have to contend with 
shifting sands in terms of engagement and response. 

The participants in Group 1 have similar socio-economic demographic and live in 
near-identical properties, but there are still differences in their energy behaviour. At 
one level they are very similar but at another level they are very different — F4 and 
F5 both top-up their pre-payment meters every two weeks, but F5 tops-up only the 
minimum required to be marginally in credit whilst F4 tops-up fxed amounts to build 
up a credit balance in case of unexpected energy use. 

They have little potential for purchase-related behaviours, and have already maxed 
out their effciency behaviours, leaving only curtailment. They prefer to use experience 
(own judgment) and very simple informatics (F4,F5). 

Energy informatics which supports this group needs to focus on their particular 
needs, which this research identifed as budgeting, and comfort. 

To assess the scope of this fnding, Group 2 was subsequently recruited from a 
different demographic. Here too, similarities were identifed (P55,P53)12 but also 
differences (P58)13 (P57 vs. P60)14. The differences were of diverse character and 
importance, refecting the priorities and requirements of the individuals in the group. 

This group exhibited a much wider range of existing energy behaviours, and more 
potential for diverse reactions to, and actions from, feedback interventions. A range 
of energy behaviours was uncovered, from curtailment (e.g. P57 limited duration 

10 F2 tolerated a cooler room temperature during the day to reduce cost. H25 kept the house warm 
(25o) for the health of her husband despite the cost. 

11 P59 turned down his heating in response to the value of his monthly gas bill. A graphical 
display of room temperature over time persuaded P60 to turn his heating thermostat down by 1 
degree. 

12 P52,P53,P55„P56,P57,P60 would all put a jumper on or use a blanket if they felt cold but the 
room itself was not cold, recognising that the feeling is only transient. 

13 P58, P59, would light a gas fre if they felt cold. 
14 P57 would enact a conservation practice even if the potential energy saving was small or 

unquantifed, whereas P60 requires an estimate of fnancial reward before taking action. 

http:behaviour.At
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of central heating), to effciency (purchase) (e.g. P58 purchased new refrigerator to 
replace ineffcient one), to maintenance (e.g. P56 switching off devices on standby). 

8.2 C O N S U M E R S A S S E N S E - M A K E R S 

In everyday life, domestic energy consumers engage in activities, some of which 
use appliances. However, people do not coerce a difference, they are viewed as Appliances vs. 

being different aspects of the same thing: energy-consuming ‘events’. They readily Activities 

interchange appliances and activities — is ‘ironing’ an appliance or an activity, 
and does it matter? Consumers treat them simply as different aspects of the same 
thing: ‘living with energy’. Sometimes they refer to the activity and sometimes to the 
appliance, even within the same utterance. 

This is illustrated by the language used: so rather than ‘saving energy’ they talk 
about “cutting down on laundry” (P57) or “watching less television” (P60). 

Of course, they recognise there is a difference as the action they take to change the 
consumption requires a different response. For example, reducing energy consumption 
on washing could be realised by reducing the frequency of washing (activity) (P57), 
or by buying a more effcient washing machine (appliance) (P60). 

Existing energy feedback is focussed on appliances, but it is the knowledge which 
people bring to the party that gives context to the appliance’s consumption. Without 
that ability to place the energy information in perspective the feedback arguably 
remains just as valueless data rather than useful information. People take the data and Data vs. Information 

interpret it by reference to their existing understanding. They do not need to be told 
how to use the data, they merely need to know what it represents: they can then work 
out how to incorporate it within their existing knowledge and understanding. 

Once they have contextualised the information then they consider what to do with 
the new knowledge: does it agree with what they already know, or is it something 
new. By assigning meaning to the data they can determine their response, which is to 
say, what they are going to do with the new information. 

8.3 U S E O F I N T E R F AC E S 

People’s use of an interface depends on their reason for using it. This may seem 
obvious, but may be overlooked in some interventions. For example, criticism of 
a Smart Meter IHD was founded on the inability of the user to quickly obtain the 
information they wanted, rendering it unsuitable for the purpose they intended (P58). 
The information was available but it took too much time to access it through the IHD 

interface. 
While information (such as a chart of daily consumption values) has context, 

data (such as a numerical reading of instantaneous power consumption) is generally 
context-less. It has to be made sense of, by the user, and different people might have 
different purposes in accessing the same data. What data/information is appropriated, 
and how, varies between people (P58 favoured numeric data; P53 favoured graphic 
representations). 
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People’s reasons for engaging with energy displays change as their information 
needs change (due to a change in lifestyle, priorities, etc.) (P59’s priorities changed 
when his daughter went away to university). Dynamic feedback systems (such as the 
one developed for this study) which are multi-level, customisable, individuated, are 
better able to respond to these changing needs. 

Intervention technologies should be designed and evaluated in terms of what is 
known about the person. Understanding the person and their drivers for engagement 
could moderate and manage research expectations (e.g. avoid any presumption of 
widespread energy savings). 

Accessibility of the interface is fundamental to sustained use. Despite fnding the 
information useful, some participants reported apathy due to the effort required to 
use it — “If I’d bothered to go upstairs and switch on my PC and login to look 
at your website I may have found the answer.” (P53) — whereas the Current Cost 
/ Utilita monitor was readily available and people did look at it, because it was 
visible. Although, because it required to be plugged in to mains electricity, its use was 
sometimes constrained (P56,P53). 

If a feedback interface provides information which people fnd useful they will 
continue to use it, and incorporate its use into their daily routine (P54). 

8.4 W H AT C O N S U M E R S WA N T 

Can anything be said about what this research shows that people want from energy 
informatics? 

When asked that question people could not say what they wanted, but all were able 
to use and understand the information presented in the dashboard and could see its 
value to them. This suggests they are not looking for information to ‘fll gaps’ in their 
knowledge, but that new information is simply that: new material to be added to their 
existing understanding. 

Semantically speaking, people want data on energy consumption (P58), but they 
want information on how well they are doing (P52). This fts with the fnding that 
sometimes people think about energy and sometimes they think about cost: devices 
consume, energy costs. 

Designing informatics which accounts for these subtle distinctions might encourage 
user engagement. 

Empirical data from this research shows that people want to exercise agency in 
terms of saving energy: it is not always practical, or desirable, to tell people what to 
do. People make their own choices. 

Participants’ comments suggest they are frustrated by a lack of resources, notably 
information about their consumption. The only sources of information they say they 
have are the supply meter, the supplier’s bill, and their bank statement. 

But frustration with supplier billing is regularly mentioned: 
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“They seem to be taking too much and we’re in credit, so then they gave 
us some back, and then they said we weren’t paying enough so then 
they’ve increased it.” (P56) 

Plus annoyance with accessing bills — the need to log-in to a website to get their 
bill rather than it simply being attached to the email notifcation — was repeatedly 
mentioned as a frustrating hurdle to accessing this information (P52,P56,P57,P58). 

For this reason, post-payment consumers with monthly Direct Debit payments 
reported they frequently used their bank statement as a proxy for the energy bill (e.g. 
F1,F2,P52,P54,P56). 

The diffculty with making sense of their consumption, and determining the action 
to take, having only a monthly gross cost representation of energy used validates 
people’s frustration at their self-acknowledged lack of understanding of their energy 
use. People want to know more about their energy but do not know how to get the 
information they need — “I would like to know more and I’m not comfortable with 
the lack of knowledge.” (P57). 

Participants in this study generally had a good understanding of their energy 
spending and viewed the feedback as something which provided additional detail 
and reinforcement to their existing knowledge. They had knowledge of their gross 
consumption/spend but were looking for detail on the breakdown, by appliance (P60) 
and by activity (P53): this information is not available on energy bills, or from any 
other source generally available to them. 

Within-group differences show users have different requirements from energy 
informatics, depending on their individual needs, and respond to energy information 
in different ways. There does not appear to be a ‘one-size-fts-all’ representation of 
domestic energy consumption information. 

Group 1 participants were interested in information which helped them: 

(i) to develop an understanding of devices’ energy consumption, 

(ii) to feed into their budgeting. 

For Group 2 participants, information was sought for one of three reasons: 

(iii) to identify high consumption devices, 

(iv) to assess the effectiveness of some conservation behaviour, 

(v) to ratify the status quo. 

Reasons (iii) and (iv) could broadly be termed proactive (tending to initiate change) 
and reactive (post-event refection) respectively, while (v) could be termed validative 
(affrmation that no change is required). 

8.5 B E H AV I O U R C H A N G E 

An issue reported in the literature is the apparent lack of long-term change in energy 
use in existing intervention studies.15 

Although this research did not seek to change participants’ behaviour it is inform-
ative to note occasions where the participant avers this has occurred. 

15 See Chapter 2. 

http:studies.15
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P53 - frequency of clothes washing reduced. 
P56 - uses shorter wash programmes; less use of electric shower. 
F2 - less use of clothes dryer. 
P52 - batch cooking for the coming week. 
P60 - turned down the heating thermostat; switches off unnecessary lights; reduced 

use of electric fre. 

All of these were reported by the participants as still occurring at the time the 
equipment was removed at the end of the study (October–December 2019), i.e. 
approximately two years after the start of the study (and 4–8 months after the last 
contact with the participant). 

Why these behaviours have become habituated is open to conjecture: maybe the 
participant identifed an action which ftted with their objectives and the change was 
one they were prepared to make. (Note: in none of these cases did the participant 
report they had quantifed the energy savings, only that they believed a saving had 
occurred.) 

Refecting on changes in her understanding of her energy use since this study 
began, P57 replied: 

I knew certain things were big draws, but seeing quite how much they 
take of your of your daily electricity is quite astonishing. And some 
habits have changed as a result. So trying to put less loads through the 
washing machine. That’s a diffcult one to stick to. Yeah, just greater 
awareness. I think. We don’t leave things on where we would have done. 
(P57) 

8.6 T H E O R E T I C A L D I M E N S I O N 

The empirical research presented here identifed differences between people in terms 
of energy management and proposed how those differences might be used as a 
resource for informatics design. 

This research is not heavily theory-based and started with no particular theory in 
mind. However, it is useful to consider the research fndings in terms of the main 
theories which were expected to have relevance. 

The theory of planned behaviour (TPB) (Ajzen, 1985) would argue that people’s 
engagement would be infuenced by their expectation that the interaction would 
have a positive outcome. The corollary being that people would not interact with 
the research if they could not perceive a personal beneft. In practice it seems most 
of the participants were prepared to ‘trial’ a conservation change without concrete 
expectation of a positive outcome. This was particularly noticeable for a change in 
frequency of washing where the saving is very diffcult to quantify (as it depends on 
so many other variables: size of wash-load, incoming water temperature, etc.). 

In a similar way to TPB, social practice theory asserts that people have agency and 
are able to exercise control over their actions and behaviours. Such agency is deemed 
a pre-requisite in intervention research. But, in contrast to TPB, practice theory places 
low importance on intentionality other than in terms of social reward. Motivation for 
action is assumed to be the wider context than just the individual. So, while agreeing 

http:awareness.Ithink.We
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with practice theory’s stance that some practices are non-negotiable, this discounts 
the individuality identifed in the current research. 

Behavioural economics, with its focus on heuristic decision-making using ‘just 
enough’ information, proposes that consumers seek a satisfactory solution rather than 
an optimal one. Certainly there is no evidence from the current research that people 
will only action an ideal solution — indeed it shows that people are prepared to make 
a whole range of changes and gauge the worth of the action based upon the outcome. 
Feedback and refective learning are crucial to behavioural theory and behavioural 
economics, and this is noted strongly in the current research. 

Constructivist theory looks at how people make sense of their environment using 
whatever resources they have available. It posits that learning is a constructive process 
where agents actively create subjective representations and meaning based on their 
existing knowledge and experiences. Thus, learning is an active, contextualized pro-
cess. To that extent there is synergy with the ‘actors as active sense-makers’ paradigm 
proposed in this thesis. If there is a faw it might be that constructivism’s assumption 
that all knowledge is constructed by the agent places too much responsibility with the 
latter. 

For energy consumers with an environmentalist outlook, the value-belief-norm 
(VBN) theory (Stern, 2000) links personal values (especially if altruistic in character), 
beliefs, and personal norms, to provide a framework for examining pro-environmental 
behaviours including energy conservation. Although these behaviours are predomin-
antly shaped by factors beyond the scope of feedback interventions, personal beliefs 
— such as whether the consumer’s actions will have any material affect — act as a 
moderating infuence on VBN behaviour and may be positively infuenced by energy 
feedback interventions. 

Research in energy feedback interventions has recently begun to highlight the 
importance of people’s behaviour in their engagement, and ultimately the outcome of 
intervention studies. However, rather than focussing on any one particular behaviour 
model the current study has shown that people are very different when they think 
about and manage energy: there is not just one single model which explains the range 
of behaviours exhibited. Understanding the scope, and drivers, of possible responses 
— to the same intervention — affords rich input to the design of future interventions. 
Rather than being viewed as a problem this should be seen an opportunity for 
facilitating user engagement and response. 

Instead of seeking to exemplify or represent one particular theory of behaviour 
change or another, this research sought to explain the ambiguity of results atheoret-
ically by taking a different approach, which was to assume that people are different 
when they think about and manage energy. This approach might have value for 
researchers from differing theoretical paradigms. 

The published literature makes reference to the existence of ‘energy behaviour’, 
and with the inference that it describes a narrow set of viewpoints, attitudes, and 
practices, which therefore can be targetted with feedback interventions. However, 
the current study has cast doubt on the existence of ‘energy behaviour’ as a discrete 
entity: whether it can be said people exhibit energy behaviour is problematic. The 

http:resourcestheyhaveavailable.It
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term has been used in the current study, but in a wider sense: people use energy in the 
context of activities; those activities differ between people for a range of reasons (they 
are moderated by differing priorities, etc.); and those differences reason differing 
information needs. So for an intervention to target ‘energy behaviour’ requires 
satisfaction of those differing information needs such as through rich informatics with 
individuated appropriation. Perhaps ‘energy activities’ is a better nomenclature but 
even this has problems as it suggests energy always involves an activity, which is not 
always the case. 

8.7 R E S E A R C H Q U E S T I O N S – R E V I S I T E D 

How do the above fndings inform the research questions raised in Chapter 2. This 
research set out to discover why there is so much ambiguity in the results of domestic 
energy feedback interventions. 

High variability in results from feedback intervention studies. 
While it is certainly possible to explain variability between different studies as 

being due to the nature of the different study populations, that may not adequately 
explain the within-population variability observed in many existing studies. The 
current research identifed and explained within-group differences as being due, at 
least in part, to differing lifestyles, beliefs, values, priorities, goals, available resources, 
and tacit knowledge between participants, resulting in different levels of engagement 
and appropriation from an energy interface. 

Lack of long-term effect. 
Sustained energy reduction is rarely reported in existing intervention studies. 

However, in the current study several participants reported long-term behaviour 
changes (see Section 8.5). This could be explained as an artefact from self-selection 
bias — i.e. these participants were highly motivated to take part and were actively 
seeking change, but that is not true in all cases (P52 was seeking only ratifcation of 
existing effciency).16 

People factors. 
People have differing reasons for engaging with energy informatics. They may be 

seeking to reduce their energy consumption (P53,P59), ratify their existing status quo 
(P52), or simply to increase their knowledge of their existing energy consumption 
(P58,P60). Or some other reason entirely, depending on their goals. 

The understanding they make of the information presented depends on their existing 
knowledge, and on what they intend doing with the new information (i.e. how they will 
use it) (P58 was able to identify inaccuracy in the IHD due to pre-existing knowledge 
of the energy used by his household appliances; P54 was looking to establish the cost 
of daily activities such as having breakfast or cooking an evening meal so was less 
interested in measuring individual appliances). 

Display factors. 
Suffcient mention was made, by both groups of participants, to show that data 

content and the way it is presented can be understood in different ways — or not at all 

16 Undoubtedly these savings would not amount to the 10–20% reduction reported in typical 
intervention studies but, for reasons discussed elsewhere, such metrics may be uninformative. 

http:efficiency).16
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— depending on the individual (F1 misinterpreted the cycling display of cost per time 
period). A single representation may not be understood by the study participant with 
subsequent lack of engagement with the informatics. The ability to display the same 
information in different ways, and allowing the participant to customise the display, 
supports these individual differences. 

Applying these fndings to the research question highlights three sources of explana-
tion for the heterogeneity in existing results: 

(i) Interventions are run on a sample of people, who are likely to have very 
different requirements. 

(ii) People’s understanding of the information representation depends not only 
their existing tacit knowledge but also on their current requirements. 

(iii) The action people choose to take in response to the feedback depends on their 
reason for engaging with it in the frst place. 

This case study empirically investigated two representative groups of domestic 
energy consumers to understand what energy means to them. It has shown that people 
exercise agency and that means they are sense-makers. They already have energy 
management practices; they already have understandings. They already manage their 
energy using their existing tacit understanding and whatever resources they have 
available. 

This research has shown real-world differences (and similarities) exist between 
people, which has a signifcant outcome on their response to informatics. It has 
uncovered different practices and behaviours based on a range of dimensions, which 
vary in scope, intensity, and importance between people. 

By leveraging these differences it should be possible to produce energy informatics 
with the potential for better engagement and participant response. 

8.8 S U M M A RY 

The quote17 from Peter Crabb (1992) — “People do not use energy, they use devices 
and products.” — is still relevant today. 

What are the implications for energy feedback interventions and the design of 
feedback informatics? 

* People engage with energy, and energy informatics, in different ways. 
People are different even in the same notional demographic. For example, all think 

about budgeting, but different people have different responses (P53: annual budgeting; 
P54: monthly budgeting) (P59: actively looking for savings; P52: ratifcation of status 
quo). 

Informatics needs to account for these individual differences, for example by 
targeting only specifc demographics, or by having a rich representation with multi-

17 (see Chapter 6) 
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level visualisations which are interactive, so allowing the user to determine their own 
appropriation of the interface. 

* Don’t seek change. 
Energy interventions should not seek change, even though it is a government 

imperative and a key driver for this feld of research (P54: consumption guilt is 
stressful; F1: disengagement due to inaccurate data). Instead, informatics should 
attempt only to facilitate advancement of user’s understanding of their energy world. 

Nevertheless, supporting consumers by providing timely, appropriate and relevant 
informatics could facilitate change by supporting user agency: empowering users to 
control their personal involvement with energy. 

* Change happens best when people have responsibility. 
Giving the responsibility for change to the consumer encourages user agency. 

Energy interventions may be seen as ‘told what to do’ — people may feel they 
are expected to reduce consumption, but may not be able to increase their energy 
conservation any further than they already have (P53: minimum energy use), or, 
despite the informatics, still do not have appropriate information they need to grow 
their understanding of their energy consumption (P58: informatics offered nothing 
new). 

Giving users a choice to either make change or not, as they determine appropriate 
to their circumstances and lifestyle, can promote engagement with energy. 

* Quality of life. 
People have different levels of negotiability when it comes to their energy con-

sumption. Some is deemed non-negotiable (viewed as being necessary for modern 
life) (F5: frequent bathing and clothes washing), some is nice-to-have (diffcult to 
live without) (P58: second fridge-freezer), while some is wholly discretionary (P60: 
leaving television on while gaming on computer). 

Allowing users to hide what they personally consider to be non-negotiable — and 
this will vary between individuals — can give a clearer indication of where they might 
focus their attention. 

* Users’ motives. 
Motivation — the user’s reason for their interest (if any) with their energy consump-

tion — is a key driver for whether users engage with energy informatics. Consumers 
may be interested only in fact-fnding (P60: knowledge about electrical devices’ 
consumption), and not necessarily seeking behaviour change (P55: seeking best 
energy tariffs). Furthermore, this motivation may change through time (P53: initial 
interest in appliances changed into interest about daily activities). 

Interventions need to either adapt to the change, or be suffciently feature-rich to 
facilitate multiple methods of appropriation. 

* Learning. 
Energy feedback is about enabling and encouraging people to learn about their 

energy use. Data representations (of energy consumption) are simply that — ‘data’ 
— it is the sense, and relevance, that people make of it, and how they assimilate 
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that data into their existing energy knowledge which turns the data into information 
(P56: discovered measuring activities can be complicated because the energy used by 
kitchen appliances/washing machine/fridge varies over time). 

Energy feedback should not prejudge how people will make sense of the data, or 
the way people will use the data. The corollary is the data should be unambiguous, 
and realistic, to avoid people drawing wrong conclusions (F2: misled by data on 
electric kettle’s energy use). 

* Specifcity. 
Information on domestic energy consumption must be specifc to the needs and 

wants of the individual users. Energy information must be relevant, and have ap-
propriate context; users think about energy in different ways depending on their 
requirements (F5: sunk cost; P58: variable occupancy confounds energy forecasting), 
and those requirements are liable to change as the user’s knowledge and understanding 
changes (P60: shifted interest to forecasting). Informatics must be adaptive in response 
to this challenge. 

A close focus on consumers in terms of how they live, how they understand energy, 
and in what ways they manage it, may leverage new ideas about interventions. 

* Generalisability. 
This research shows that people think about energy in individuated ways: ways 

which are appropriate to their pre-existing knowledge (P58: already intimate know-
ledge of appliances) and perceived information needs (P57: wanted information on 
largest electricity draws). 

Does this necessitate many subtly different data representations to try to account 
for users’ differing needs? Not necessarily — a feature-rich representation of energy 
data which supports users’ knowledge and practices would have widespread utility. 

* Reasonable expectations. 
There needs to be a reality check about research expectations: expecting massive 

energy reductions simply from the provision of feedback is not a realistic assumption 
with the current design of informatics (P59: cannot identify where to conserve energy). 

Individual change is still possible (P57: increased air-drying of clothes), so it is still 
worth working with individual consumers, but future work should account more for 
context and existing beliefs and attitudes (P60: any change has negligible savings). 
More content-rich data representations which allow consumers to ‘see’ and use the 
data in individuated ways would promote more active engagement with their energy 
use. 

* Utility. 
Increased knowledge can empower the consumer to make change in their energy 

consumption. Or not — the choice is theirs (P58: not looking for savings). Instead of 
attempting to infuence behaviour change through the provision of energy consumption 
data the focus should be on understanding, and changing, the context in which people 
act. 
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Developing informatics in the future which provides multi-level, individuated 
systems, specifcally designed to support users’ individualised appropriation, offers 
good scope for advancement in the feld of domestic energy research. 

The information acquired from the current research might be used to better inform 
theHCI design space in energy feedback systems and, more generally, to help shape 
alternative methodologies for future studies in this feld. 

8.9 C O N C L U S I O N S 

People manage their energy use in ways which are very ‘simple’ — using simple 
interfaces and simple heuristics — but the inferences they make can be quite complex. 
Using a simple display of energy consumption in kWh (the Current Cost display) 
people were able to investigate the energy consumption of appliances and of activ-
ities within their home, and then refect upon what it would mean to them if that 
consumption changed (P54,P57). 

This preference for simplicity is borne out of the social context of energy: people 
want to understand their energy use but it is not the focus of their lives. They have little 
inclination to spend hours investigating intricate detail once they have determined a 
satisfactory course of action (q.v. ‘satisfcing’ in Section 2.11). 

But the corollary is informatics must present the data they want. Informatics must 
either be designed in a way which targets individual character types18, or a single, 
feature-rich, information system which facilitates individuated appropriation. Since 
the former requires a detailed and comprehensive report of all possible types (which 
is as yet unclear), the latter option is predisposed. 

Budgeting appears important to most people but there are differences both in terms 
of how they understand the information, and what they do with it. The underlying 
data are similar but used in very different ways: short-term usage forecasts beneft 
consumers on pre-payment (F5), while medium-term forecasts with goal-tracking 
beneft post-payment consumers (P59). Both options could be incorporated into a 
visualisation which is designed for differing appropriations. 

People are active sense-makers and not simply passive recipients of information. 
They use feedback in differing ways according to their own experience and which 
makes sense to them within the realm of their ‘energy world’. Therefore, any 
informatics has to support inferencing, and individuated response — leaving people 
free to choose their own actions. 

Energy interventions are often framed around energy reduction, but this leads to 
wide variability in research results since it fails to account for people’s differing 
requirements and responses. 

Interventions which focus on supporting users rather than attempting to change 
users’ behaviour, and which are implemented as a research tool rather than the end-
game, offer a way to increase user engagement, knowledge, and agency. Building 
interventions to ft into people’s existing energy practices encourages individuated 
appropriation and response. 

18 As groups which share particular dimensions of engagement with energy. 
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Energy management outcomes are dependent on the energy ecology of each person 
— their cognitive norms (values; attitudes; beliefs; understandings), material resources 
(technologies; building form), and existing energy practices (activities; processes). 
Changing any one of these contributors can alter the system, but change must be 
considered from a systemic perspective: changing any one alters the interaction 
between them and disrupts the whole system (Stephenson et al., 2010). 

But change requires engagement: an intervention has to be meaningful and useful 
to the user, and be relatable to their existing ecology, or it will be disregarded. 

Energy interventions should not assume reducing costs or emissions is a rational 
decision, and is unaffected by social and cultural infuences. Ingrained habits and 
beliefs present a particular problem as they may be unconsciously performed, and so 
may require a particular treatment to invest change from the user. 

A review of the published literature may give the impression that almost any 
feedback is effective at making energy reductions, leading Darby (2001) to suggest that 
maybe "any intervention helps [reduce energy consumption] if it triggers householders 
into examining their consumption". Although there may be an element of publication 
bias — there are few published studies with a neutral outcome — the presence of a 
benefcial test effect has been demonstrated in suitably motivated individuals (Schultz, 
Estrada, et al., 2015). However, any test effect still requires participants to be engaged 
with the research to some extent. 

There may be an assumption that people do not engage because they are not 
interested in their energy use, but why they are not interested is unclear — it may 
simply be the ‘wrong’ information is being presented to them. The current study 
identifed situations where information was too simplistic (P58), too complex (F4), 
misunderstood (F2), or irrelevant (P52). Mapping the right information to each person 
requires an understanding of the differences between types of people: for example, 
someone with high environmental beliefs values social-normative information (P57), 
while a strong focus on budgeting occasions interest in short-term historic self-
comparative information (F6). 

It is possible the reason many energy feedback studies report savings in the same 
band (5-20%) and with similar spreads19 is because every study appeals to some of 
the people in the group but individuality (individual differences) causes variability in 
the results. 

That differences exist between people is obvious but has been under-acknowledged 
in the literature. The current study has empirically shown the diversity in these 
differences, and explored their meaning for energy interventions. 

Future energy interventions designed from the ecological perspective in HCI — 
considering the interaction between what people think, how people live, and the 
resources and tools (including feedback informatics) they have available — offers 
new angles on understanding, and infuencing, domestic energy consumption. 

19 See Section 1.1. 
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8.10 S I G N I F I C A N C E O F T H E R E S E A R C H 

There is a gap in current knowledge on the subject of how domestic consumers 
incorporate energy information into their daily lives, how they create meaning from 
the data, and how that meaning differs for different people. 

The current research undertook an ‘in-the-wild’ empirical study of two groups 
of domestic energy consumers, with different socio-demographic characteristics, to 
uncover their energy practices and the dimensions affecting their engagement with 
energy informatics. 

Intervention studies often assume the consumer has both the interest in, and means 
of, reducing their energy consumption. But existing research is unclear on several key 
issues: 

• How do consumers think about ‘energy’? 

• How do consumers manage their energy use? 

• What information do consumers want on their consumption? 

Thus, central to any discourse on domestic energy usage is an understanding of the 
consumers themselves. How they conceptualise their energy use and what constraints 
impact their ability to effect change — or even whether they desire such change — is 
fundamental to domestic energy informatics. This understanding appears incomplete 
in current knowledge. 

This study offers important insights into the ways householders engage with energy, 
and highlights a need for more research in this area. 

Participants in this case study exhibited selection bias (self-selected) but there was 
still a wide variation in their use of the feedback tools and their responses to the 
interview questions, illustrating heterogeneity across the sample. Group 1 were more 
similar in terms of their socio-demographic characteristics but here too there was 
wide variety in their energy behaviour. It is reasonable, therefore, to conclude that 
variation will be uncovered in any group selected for this type of intervention, and 
such variation should be expected and planned for in the design of energy feedback 
intervention studies. 

This research grounds the claim that people are already sense-making individuals. 
It encourages refection on the design and development of domestic energy inter-
ventions. Future informatics could be agency-enhancing: designed into their existing 
understanding and practices, and relevant to their individuated requirements. 

In the wider feld of domestic energy consumption, potential is shown for the 
development of a typology of consumers: offering possibilities for consumer profling, 
and targetted demand-side energy management. 

8.11 I M P L I C AT I O N S F O R E X I S T I N G O RT H O D OX Y 

In the feld of domestic energy informatics there is a possible disconnect between 
research priorities and consumer priorities: the former seek to facilitate savings 
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in energy usage, whereas the latter may be seeking only an understanding and 
explanation of their existing consumption. 

Is change in energy consumption the right metric? Rather than trying to affect 
energy consumption directly, a focus on helping the consumer develop their un-
derstanding of their own particular consumption levels and pattern might stimulate 
engagement with energy interventions. Householders can then determine their own 
comfort level for their energy usage, and make informed choices about what, if 
anything, they choose to do. 

Future informatics which is more user-centric and aligned to the requirements of 
the consumer, particularly in terms of the user’s varying use of content with time, 
encourages such agency. 

People already have a good tacit knowledge of their energy. Future informatics 
which is agency-enhancing, and is aligned with the sense-making abilities of the user, 
leverages this existing knowledge, and promotes user engagement. 

Instead of focussing on energy savings or behaviour change, energy interventions 
should aim for engagement with people as an end in itself and allowing people to 
appropriate the feedback in whatever way they choose. Better-informed consumers 
offers scope for differing responses to energy use, which might include reductions or 
effciency improvements but the success of the intervention is not predicated on them. 
Externally derived targets (e.g. from government, or socially determined) are still 
possible — in fact, they may be more achievable with better-informed consumers. 

8.12 R E S E A R C H U T I L I T Y 

Academic 

The future focus of domestic energy intervention studies should be on understanding 
and exploiting energy ecologies (3rd paradigm HCI) and not just user behaviour. The 
current study has shown that research should be thinking more in terms of change to 
practices and materials, with the light of people’s differing norms. Gap theories of 
behaviour (e.g. "knowledge-action gap"; "value-action gap" (Frederiks, Stenner, and 
Hobman, 2015a)) seem too simplistic: they assume an artifcial separation between 
people and technology, but these things are interwoven. 

A number of frameworks are available which focus on a holistic examination 
of the use of material resources, and energy practices, and how people experience 
energy (e.g. Energy Cultures Framework (Stephenson et al., 2010)). Incorporating 
dimensions of differences into these frameworks might improve the understanding of 
how individual norms (expectations and aspirations) affect energy practices. 

From a technology perspective, this study has evidenced a need for activity-
based informatics (doing laundry, cooking dinner) not just appliance-based or gross 
metering. Design guidelines have been proposed for the richer design of feedback 
information. Features built into the Energy Dashboard demonstrate ‘in-the-wild’ use 
of energy informatics which were deliberately designed to encourage individualised 
engagement and appropriation. 
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Social 

Implementing the fndings from this research would lead to users who feel more able 
to take action on their energy consumption. Richer feedback information facilitates 
fne-grained control of spending/forecasting. Giving personalised information which 
people can trust, and incorporate within their existing understanding, improves energy 
engagement and removes action-barriers. 

Changes to practices and behaviours are more likely to happen when people can 
predict the outcome of change before making it. The development, in energy in-
formatics, of forecasting of future consumption reduces risk-aversion and encourages 
goal-setting. 

More knowledgeable and engaged consumers would beneft the UK Government’s 
decarbonisation agenda. 

Economic 

Profling people according to their energy practices could beneft energy suppliers 
and policy-makers. A more detailed understanding of people’s drivers in their use of 
energy feeds into the development of targeted energy feedback depending on user 
typology. For example, if particular dimensions of interest can be correlated with 
people categorised as having high energy consumption, then they might be targetted 
with customised energy feedback. 

Targetted feedback (based on this typology) offers improved engagement and user 
response. Coupling this with tailored action prompts — e.g. “I note the heating turns 
off at 9am each weekday, but your home appears to be unoccupied from 7am; would 
you like me to change the heating timing? This might save you £47 per year and 
the stop the emission of 218 kg of carbon dioxide” (Mogles et al., 2017) — would 
promote the development of ‘intelligent smart metering’. 

From the standpoint of an energy supplier, the development of better-informed and 
agency-enhanced consumers affords improvements in demand management of energy 
supply: understanding consumers can improve the predictability of demand. 

8.13 L I M I TAT I O N S O F T H I S R E S E A R C H 

Participant Bias 

Participants in Group 1 (social housing tenants) were recompensed with shopping 
vouchers for each visit undertaken with them. However, with the exception of one 
household (H5) they all were keen to participate to beneft the research notwithstand-
ing the reward payments. 

Attempts were made to reduce desirable-response bias — participants giving 
answers they thought the researcher wanted to hear — by using deliberately open 
questions which gave little clue as to the ‘correct’ answer. Nevertheless, obvious social 
desirability and expected responses were observed during some of the interviews with 
this group: these have been downplayed or discounted in the reporting of the results. 
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The participants in Group 2 (owner/occupiers) were a self-selected convenience 
sample (see Section 3.5). It was expected that this group would exhibit environmental 
awareness, and have a desire to better understand their energy consumption. How-
ever, the participant questionnaires (Appendix C.1) shows at least two eco-sceptics 
(P59,P60). This group had varied demographics (age, gender, income level). 

Summing participants’ stated reasons for taking part in this study identifes: 6x 
reduce cost; 3x environmental reasons; 1x reduce energy; 1x effciency. (Note: some 
gave more than one reason.) 

Having a group with reasonably similar characteristics and motivations was not 
considered detrimental to this research. It might be reasonable to expect totally 
different people to behave differently in this study; however, if differences were 
uncovered in a group with similar characteristics then the research hypothesis is 
strengthened. 

Obviously, this group is not representative of the general population, although they 
are not atypical: so it is reasonable to suggest that relevant differences in behaviour 
exist in other groups not studied here, although the precise nature of those differences 
may be dissimilar. This does not detract from the current research which did not set 
out to identify all differences, but only to prove that differences exist. Care has been 
taken when reporting the results of this study not to claim the dimensions of individual 
differences uncovered here are complete or generalisable to the wider population: 
further research is required to identify the range and scope of the heterogeneity. 

Researcher Bias 

Because the interviews undertaken with the participants were semi-structured — 
allowing participants to talk about areas of interest to them within a predetermined 
frame — there was a risk of the researcher questioning deliberately seeking to 
highlight a difference and thus self-promote the research hypothesis. While this 
cannot be excluded, it is certainly the case that the researcher only responded to initial 
comment from the participant; any subsequent questions serving only to clarify the 
discussion and uncover the depth of the participants’ argument. 

Methodological Bias 

In terms of the research method, it was typical for only one member of the household 
to take part in the interviews and to engage with the energy informatics (but note 
H1,H2,H5,P56 involved both adults). Provided they had control over the energy 
decision-making process20 (which was true) then this bias was acceptable. 

(Although there is literature evidence (see Section 2.11) for family involvement 
in decisions affecting energy behaviours, that was not the objective of this research: 
individual opinions would feed into ‘family’ decisions so are still relevant here.) 

20 Published literature suggests participants in energy feedback interventions behave differently 
when they do not have fnancial responsibility. 
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8.14 F U T U R E R E S E A R C H 

Profling Consumers 

Using the dimensions of differences uncovered in the current research a larger cohort 
study — and using a different selection method to ameliorate participant self-selection 
bias — could provide statistical evidence for the existence of consumer profles 
based on the existence and relative strengths of their dimensions. Building on the fve 
thematically derived categories presented in the pie-charts in the narratives above, 
future research could substantiate the categorisation of domestic energy consumers 
into a number of user profles. 

The beginnings of a profle grouping is suggested above but is as yet unclear. 
Subsequent research could then determine whether such profling is deterministic of 
people’s engagement with energy. 

Equally, using studies with different demographics would identify the persistence 
of the dimensions across different groups of energy consumers — different profles 
could be identifed according to demographic characteristics. 

Profling people according to their existing energy practices might facilitate a better 
understanding of consumer behaviour and expectations. Such information could be of 
beneft to policy-makers, energy suppliers, and information providers. 

Combination Visualisation 

The current study affrms existing literature by observing that people are only 
interested in historic consumption up to the point where they have developed suffcient 
understanding of their personal consumption levels — what those levels are, and what 
affects them. After that point in time they become more interested in present and 
future consumption data. Real-time consumption information is then used to identify 
anomalies — usage outside of the expected norm (based on their newly enhanced 
knowledge). Rather than quantitative data (energy values) their attention at this point 
is better served by an ambient visualisation. The latter would make the user aware 
when a potential anomaly occurs, which could then be investigated by switching from 
the ambient to a pragmatic display of consumption data. A combination visualisation 
— one which combines ambient and pragmatic visualisations — would fulfl both 
these attention-seeking and drill-down data analysis views. 

An issue with extracting meaningful information from existing ambient displays 
is knowledge of the underlying event causing the change of state (i.e. what causes 
the display to change from green to red). These change points are fxed by the device 
supplier or researcher, often arbitrarily (Makonin et al., 2013). But, in reality, it is 
unlikely everyone will want the same change point. In addition the change points 
are infexible and do not take account of household activities or other fuctuations in 
demand. 

A system which learns the users’ baseline pattern — which will vary by day (e.g. 
‘wash day’), occupancy, weather, etc. — would help users to quickly identify anom-
alies in their expected consumption. Although this approach may foster maintenance 
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of the status quo rather than encourage energy curtailment, this fts with the fnding of 
this research that future research in this feld should focus less on energy reductions 
and more on facilitating informed consumers. Eco-feedback interventions should be 
generally invisible and not used, until such time as the user requests interaction. 

Although some Smart Meter IHDs include an ambient signal as well as the data 
display, they seem poorly understood (H5) or provide little value (P58). 

Combination visualisations are under-represented in the existing research literature, 
and none are known which offer any machine learning or prediction of future usage 
at a detailed level. 

Goal-setting and Forecasting 

The combination of goal-setting with consumption feedback is widely suggested as 
promoting good user engagement and comprehension (see Section 2.1). Although a 
goal-setting and tracking function was included in the energy dashboard developed for 
the current research it received only limited use by the study participants. More interest 
was reported in the forecasting function, where the information system projected their 
consumption for the coming week. Participants liked this function, and asked if it 
could be extended beyond the current week to forecast for the next 28 days. 

From discussion with the participants it was clear they were interested more in 
using this type of function as a means to identify anomalies rather than using it as a 
way to set and track a target energy saving. 

These functions are related: 
• goal setting was viewed as a way to set a budgeted spend for a period and track 

to ensure the budget was not exceeded 

• forecasting was viewed as setting an expected spend and monitoring it for 
anomalies (but exceeding the forecast is acceptable) 

This is a nuanced difference and the way householders use goal setting versus 
forecasting is unclear. 

The use of goal setting and tracking is poorly represented in empirical energy 
feedback interventions. Few visualisations of energy feedback include the ability to 
set a consumption goal, and research was not found which explored the use of forecast 
consumption in detail or in isolation to other parameters. Such research could afford 
insights into consumer behaviour, as well as exploring intervention design differences 
for different demographics such as for households in fuel poverty. Comparing system 
projections of forecast consumption with user’s own‘experience-based projection 
might provide useful insights into user’s energy behaviour. 

Focus on Support 

The overlap between energy feedback studies in HCI and environmental psychology, 
suggested by Froehlich, Findlater, and Landay (2010), is explored in the current 
research. This research deliberately avoided saying the research was connected with 
energy savings. Although the participants expressed an ‘interest’ in making energy 
savings, several of them thought they had limited scope for making energy reductions 
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— despite feeling under social pressure to do so (P53,P58) — and the focus on energy 
behaviour was viewed positively. 

From their interactions with the IHD and the website dashboard it was clear that 
people use them for different purposes. A content-rich multi-level data visualisation 
capable of individuated appropriation is essential. 

The combination of semi-structured discussions with the availability of the energy 
consumption displays as a reference tool was a productive research method. 

Future research investigating whether this methodology — which provides the 
feedback as merely a support tool rather than the focus of the research — offers an 
informative way to explore user engagement, behaviour, and agency, which could 
expand the usefulness of empirical feedback intervention studies. 

S U M M A RY O F C H A P T E R 8 : D I S C U S S I O N A N D C O N C L U S I O N S 

To investigate possible determinants of the variability in reported energy savings in 
domestic energy intervention studies this research sought to examine the hypothesis 
that domestic energy consumers appropriate energy information in different ways, 
depending on their existing knowledge, understanding and interest. They use a variety 
of resources — depending on what they have available — to build on their existing 
understandings. 

This research is not about providing an intervention, measuring reductions in energy 
consumption, or looking at the effectiveness of data representations. Its objective was 
to fnd out how people think about and manage energy. 

This research has shown empirically that people’s reasons for engaging with 
energy informatics, and what they take away from it, differs. It depends on a range of 
dimensions — including their lifestyle, beliefs, attitudes, priorities, goals, and existing 
understanding — and the relative importance of these dimensions to each individual 
affects how they engage. 

These differences affect an individual’s information needs, and how information is 
appropriated. This heterogeneity explains why some feedback representations work 
for some people but not for others. 

Designing feedback informatics which uses these differences as a potential resource 
should reduce the variability in intervention results, and offers potential for improved 
results through better participant engagement. 
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Part III 

A P P E N D I C E S 





A 
R E V I E W O F F E E D B A C K V I S U A L I S AT I O N S 

This Appendix critically reviews the methods and content of representations of energy 
consumption used in feedback intervention studies with domestic energy consumers. 

It provides additional material to the discussion of feedback interventions in 
Chapter 2. 

The design principle of the data visualisations is discussed, followed by an illus-
trated review of typical information displays found in the research literature.1 

Conceptualising the interaction between human actors and artefacts requires an 
understanding of the problem space: what is currently the user experience and how 
might this be changed by the interaction. Therefore, previous feedback designs were 
examined for content, presentation, and engagement. 

A.1 V I S UA L I S AT I O N 

There are two approaches typically used in domestic energy information displays: one 
makes consumption visible to the user to promote awareness of how much energy is 
being used, while the other informs on desired usage and maps the user’s consumption 
against this ideal (DiSalvo, Sengers, and Brynjarsdóttir, 2010). Often there is overlap 
between these two approaches, such as when goal setting feedback is displayed. It is 
important to consider which approach is preferred when designing experiments if the 
trial’s results are to be meaningful. 

A.2 I N F O R M AT I O N D E L I V E RY 

Vassileva, Odlare, et al. (2012) investigated consumers’ preferred method for receiving 
consumption information and suggested younger people prefer in-home displays while 
older people might prefer letters/bills, presumably because they fnd them easier to 
understand (and it avoids the use of computers). They suggest information via e-mail 
might be an effective route for those consumers who are regular e-mail users. 

Interestingly they found that mobile phones were the least preferred way of 
receiving feedback information, but that situation may have changed since that study 
was undertaken due to the current ubiquity of smartphones. 

Similarly they analysed delivery method by income and found the low-income 
group preferred letter while the middle- and high-income groups were not interested 
in this method of communication. They suggest this is because the low-income group 
in their study comprised mostly older people. 

1 This is used to inform the design of the interface reported in Chapter 4. 
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A.3 E N G AG E M E N T 

In their user-centric trial, Fitzpatrick and Smith (2009) suggest the user’s engagement 
with the device goes through three stages, which they termed exploration, awareness 
and querying: 

• Exploration. Initially users would ‘play’ with the device and turn devices on 
and off to see what happened to the display. This helped them visualize what 
the displayed information meant in context as well as identifying which devices 
consumed energy in their home and how much. 

• Awareness. This led to an implied understanding of their normal usage pattern, 
both in terms of ‘base’ load and daily peaks and troughs. 

• Querying. At ad hoc times, such as when receiving their periodic utility bill, 
users wanted to be able to investigate their (historic) usage in more detail to 
help interpret the numbers on the bill. 

The design requirements for each of these stages are subtly different suggesting 
careful consideration is required as to how they may all be delivered, particularly in a 
single device. 

Types of users Suppers and Apperley (2014) classify users into three behavioural types: 
• Pinball. Users in this category do not think about their actions either because 

they are not interested or simply do not care; they prefer to simply ‘follow the 
herd’. Visualisations are unlikely to have any effect on this group since they 
are unlikely to change their behaviour. 

• Shortcut. These users are best motivated by visualisations which require 
minimal thought and ease of action. Ambient displays are best suited to this 
group. 

• Thoughtful. This type will change their behaviour if they can see a beneft in 
doing so. Such a beneft may be either self-serving (e.g. cost reduction) or 
social (e.g. environmental impact). Motivational visualisations are the preferred 
format for this group. 

An understanding of these behavioural types is central to achieving the best outcome, 
by adapting the visualisation to the user’s preferred style. 

A.4 D E S I G N F R A M E W O R K 

Despite extensive research into the use of eco-feedback as a means of affecting the 
behaviour of domestic energy consumers, few studies have focused on the actual 
design and content of the eco-visualisation itself. Bartram (2015) suggests this is 
in part because of a lack of a defned conceptual framework within which different 
methods and designs can be categorized. This theoretical framework is grounded in 
three interlinked factors: knowledge; motivation; effort. 

Most people have little understanding of domestic energy either conceptually 
(what is a kWh), in practice (which domestic devices consume most energy), or 
globally (environmental impacts of energy generation/use). Consumers must also 
be suffciently motivated before they will change their behaviour. This could be 
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either external through devices such as rewards and penalties, or internal through 
self-satisfaction (e.g. achieving their goals or feeling they have benefted society). 

But it is also important to consider the ‘cost’ of obtaining the information they 
need to modify their behaviour. Reducing energy consumption is rarely the key task in 
people’s daily lives so users require ready access to easily assimilitable information, 
and if it takes too much time or effort to obtain the information then users will be 
put off and lose interest. Abrahamse et al. (2007) found that households were more 
likely to adopt ‘low-cost’ (in terms of time, effort and convenience) behaviours that 
are relatively easy to implement. The corollary is that these behavioural changes may 
be easily reversible. 

Failure to consider and enact all of these factors to the user’s satisfaction will 
probably mean the display device will be quickly relegated to the cupboard.2 

Bartram (2015) suggests a design framework which defnes fve categories with 
their respective attributes (‘dimensions’) which should be considered for eco-visualisations 
– see Table A.1. 

• Data dimensions describe the overall context, scope and level of detail. 

• Psychological dimensions describe the intent of the information and the method 
of its action. 

• Effort expresses the amount of work required by the user to obtain and interact 
with the visualisation. 

• Context considers where the visualisation is physically located (especially in 
relation to its source) and how much it has been abstracted from the original 
source signal. 

• Communicative scope examines the visual style and behavioural impact. 
This framework could usefully be used to classify and compare existing eco-

feedback devices, as well as providing a checklist of aspects which should be 
considered in any new design. 

Vitally important is the need to solve the user’s problem rather than simply 
providing information. For example, one study (Wash, Hemphill, and Resnick, 2005) 
initially set out to encourage the use of public transport but user studies indicated a 
better ft between research aims and user needs was instead to improve the effciency 
of car usage. 

A.5 P R E S E N TAT I O N M E T H O D S 

Real-time (or near-real-time) energy consumption feedback is typically presented to 
users in one of fve ways (after Bartram, 2015): 

• An energy ‘dashboard’ on a webpage accessed through the user’s home 
computer. 

• A dedicated display in the user’s home – In-Home Display (IHD). 

• Smartphone app. 

• On a point-of-consumption (PoC) meter. 

2 See “Curiosity to Cupboard” by Snow et al. 2013. 
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Table A.1: Design dimensions for eco-visualisations (Bartram, 2015, Table 1) 

Category Dimension Level 

Data Model Financial, engineering, environmental , equivalents (such as 
lighting for three homes) 

Scope Appliance, room, home, neighbourhood, larger scale 
Social Individual home, community 
Scale Detailed to aggregate 

Psychological Communic- Informative, notifcation (cues), advisory, motivational, 
factors ative affective 

intent 
Motivation Extrinsic, intrinsic, normative 
Knowledge / Analytic, awareness, operational 
decision 
support 

Effort Access User-activated, automated, persistent 
Attentional Ambient to low to focused (high) 
demand 
Interactivity Passive, active 

Context Spatial Local, remote 
Temporal Historical, near time, current 
Binding Loose, tight 
(data 
activity) 
Framing Standalone, integrated 

Communic- Aesthetic Pragmatic, artistic 
ative 
scope 

Affect Neutral, affective 
Ecological None, tailored, adaptive 
ft 

• Ambient visualisations (which may be either factually representative or an 
artistic interpretation). 

Each of these has strengths and weaknesses. For example, dashboards facilitate 
analysis of data presented but require active involvement from the user; conversely, 
ambient displays allow rapid assimilation of an overall state, but provide little scope 
for detail. Point-of-Consumption (display) (PoC) displays have the advantage of 
locational context, viz. the information is presented at the place where the energy is 
consumed thus avoiding any need for contextual interpretation by the user. 

Table A.2 illustrates that although PC-based and mobile app dashboards provide 
good information for analysis of consumption they require a high level of effort to 
access them (viz. it requires explicit action from the user to open the dashboard/app 
and view the information). IHD and PoC devices require less effort to access but, since 
they are usually dedicated to one specifc task/device, offer little opportunity for 
detailed analysis by the user. They also generally suffer from low resolution displays 
making them hard to read, and PoCs can also suffer from being diffcult to access (e.g. 
when monitoring a foor-level power socket). 



A.6 A M B I E N T I N F O R M AT I O N S Y S T E M S 195 

Table A.2: Strengths and weaknesses of feedback representations (Bartram, 2015, 
Table 2) 

Dimension 

Display 
Dashboard Mobile In-home Point of Artistically 

Display Consum- Inspired 
(IHD) ption 

(PoC) 

Knowledge 

Analytic High High Low Medium Low 
Awareness Low Low High High High 
Operational Medium Medium Low Medium Low 

Motivation 

Extrinsic High High High Medium Low 
Intrinsic Low Low Low Low High ? 
Social Medium Medium Low ? Not appli- Medium ? 

cable 
Effort 

Access High High Medium Medium Low 
Interpret- High High High Medium Medium-
ation Low 

Engagement 

Visual Low Low Low Low High 
appeal 
Appropriate Low Low Low Low Low ? 
context 

? indicates the level depends on the specifc design used 

A further weakness of most IHDs and PoCs is their lack of historical information 
(i.e. they display only the current status). This can lead to problems with users 
misinterpreting short-term spikes (e.g. when the electric kettle is switched on) as 
being the major focus of their attention and thereby missing the underlying pattern. 

Bartram (2015) classifes all the device types as low for “appropriate context” 
meaning the assumption implicit in their design is that energy reduction is the main 
goal for the user, whereas it may be more appropriate to display only parasitic power 
loads (e.g. from devices on ‘standby’). Managing these loads may have less impact 
on the user’s lifestyle, which therefore may facilitate behaviour change more easily. 

A.6 A M B I E N T I N F O R M AT I O N S Y S T E M S 

Ambient displays do not show numbers but use some other method of attracting 
the consumer’s attention. This may be a fashing light, sound, change in colour of a 
display or some other means of attracting the user’s attention to indicate a change 
in state (e.g. instantaneous consumption; consumption rises above, or falls below, a 
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target level; transition to a cheaper cost tariff). The intention is for the device to be ‘in 
the background’ but to be able to capture the user’s attention at a glance. 

Tomitsch et al. (2007) classifed ambient information systems into nine charac-
Degree of teristics of design. One key characteristic is abstraction level which they sub-divide 

abstraction into low, medium and high depending on the degree of processing of the information 
which has taken place. A low level abstraction displays the incoming data almost 
identical to the input (e.g. electricity meter which displays energy consumption 
information). Medium abstraction processes the data to generate the display in a way 
which improves understanding of the incoming data (typically no numbers or values 
are displayed but there is still a clear relationship to the underlying data). In a high 
abstraction display the information bears little or no refection of the underlying data 
(e.g. abstract display; information art). 

They identify two other key characteristics: transition and notifcation level. These 
are often inter-related, since a high notifcation system typically has a fast transition. 
Speed of transition affects the ability to attract the user’s attention and has been 
classifed as slow, medium and fast. Slow systems tend to need large changes in state 
before they attract the user’s attention, whereas fast transitions immediately change 
the display as soon as the incoming data change. The transition by itself does not 
determine user’s awareness; this is where notifcation level comes into play. 

Although Tomitsch et al. (2007) defne fve sub-levels of notifcation their study 
of commercial devices suggests only two are in common usage: a blind change, 
where the change is subtle and silent, and a “make aware” condition where the user is 
actively alerted to a change in information condition (e.g. fashing or beeping). Their 
study found slow transitions tend to be coupled with blind changes, whereas medium 
and fast transitions typically use the “make aware” paradigm. 

An alternative, but similar, approach is taken by Pousman and Stasko (2006) who 
sub-divide ambient systems according to four design dimensions: 

• Information capacity. The total number of discrete pieces of information which 
can be displayed. 

• Notifcation level. How the user is notifed of a change in the display, using 
the same sub-categories as used above by Tomitsch (from original work by 
Mathews et al. (2004)). 

• Representational fdelity. The type of semiotic signs used in the display to 
present information abstracted from the underlying data. 

• Aesthetic emphasis. The degree of importance given to aesthetic qualities of 
the visualisation. 

They proceed to assign 19 ambient systems using these dimensions and identify four 
distinct groups of systems. The groups clearly illustrate the apparent trade-off between 
information content and aesthetic presentation: 

• Systems which display only one piece of information, usually in a highly 
stylized way. 

• Systems which display multiple pieces of information, but are still aesthetically 
motivated, and with a low-level of user interaction. 
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• Information displays which allow different intensities of notifcation and 
interaction with the user, but still maintain a degree of aesthetic presentation. 

• High throughput text-based systems which allow full user interaction, typically 
without attention-seeking alerts. 

Interestingly, ambient displays are frequently reported as being easy to understand 
but their limitations are rarely discussed: Fitzpatrick and Smith (2009) report that 
none of the users in their study liked ambient-only displays with the exception of the 
“Energy Orb”3. Paay et al. (2014) developed an ambient screen-saver which, when 
touched, gave users access to more detailed charts on usage history and appliance level 
breakdown. They found the users predominantly displayed the ambient visualisation 
screen which they used as a trigger to investigate further on the usage charts. More 
recent visualisations have attempted to combine ambient signals with a data-rich 
representation to overcome some of these limitations (Fulk et al., 20194). 

There are suggestions of differing design requirements according to gender, with Gender differences 

females ranking aesthetic appeal higher than functionality. Conversely males places 
functionality and readability higher than aesthetic appeal (Riche, Dodge, and Metoyer, 
2010). 

A.7 D E V I C E C O N T E N T 

From analysis of results of their longitudinal study, Schwartz, Denef, et al. (2013) 
propose the following design principles: 

• Horizontal comparison. E.g. allow comparison of lighting in different rooms. 

• Vertical comparison. Combine appliances (from possibly disparate sources) 
into activity based groups. 

• Real time feedback. Facilitate the link between action and response in the user’s 
mind. 

• Historic feedback. Allows users to learn from past actions, and increase 
awareness of their energy consumption. 

• Personal groupings. Allow users to group devices according to their personal 
needs and desires, for comparison and learning purposes. 

• Energy literacy. System should be responsive to different user’s starting 
knowledge and development. For example, the type of interaction with the 
system could change depending on the literacy level. There is synergy between 
these principles and the methods in Table A.1. A PC- or Web-based dashboard 
could readily present the above content, and in an interactive fashion. 

One anomaly appears to be Table A.1’s categorization of in-home displays, but this 
may be because IHDs (as reviewed by Bartram) are mostly static presentations (i.e. 
like Smart Meters). However a ‘modern’ IHD could incorporate the content here and 

3 The original Energy Orb was an ambient-only device ( http://www.wired.com/2007/07/st-
thompson-5/ ); more recent versions include textual usage data. 

4 This system, called WattsOn, is not to be confused with the original Wattson ambient visualisa-
tion from www.diykyoto.com. 

http:www.diykyoto.com
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therefore be better classifed with ‘dashboard’ devices. It may be better to re-label the 
column in Table A.1 from “In-home Display” to “Energy Consumption Display”. 

Few of these principles can be applied to an ambient-only device. However, it 
Combination should be possible to design an IHD which contains elements of an ambient system 
visualisation without being too ‘artistic’ (e.g. display a mono-colour screen which changes to a 

dashboard upon user interaction). This would retain the key feature of an ambient 
system (i.e. the attention-getting) with a more analytic device. 

Bartram (2015) suggested applying a principle from games theory such that the 
user who improves or meets their targets, is rewarded with stars displayed on their IHD. 
The belief is this will improve motivation and encourage further positive behaviour. 
Kjeldskov et al. (2012) extend this idea by suggesting users may be awarded tangible 
points, which could be exchanged for goods or services or be donated to charity. 

A study by Schultz, Nolan, et al. (2007) compared the effect of giving information 
feedback in the form of description-only versus description-plus-injunction-message. 

Emoticons The latter included a happy face emoticon if the user had consumed less than average 
energy in the period, and a sad face emoticon if their usage was above average. They 
found the stressful perception of the sad face was reduced compared to a negative 
text message. It also helped reduce the rebound effect (i.e. where users with below 
average consumption actually increase their consumption). 

Users in a trial by Paay et al. (2014) thought a proactive system which issued 
notifcations in response to abnormal consumption would be useful. 

A.8 I N T E R AC T I V I T Y 

The majority of the existing systems do not allow for, or require, user interaction. 
Other than navigation around the display the systems tend to be one-way. 

Costanza, Ramchurn, and Jennings (2012) trialled an interactive energy con-
sumption display which allowed the user to manually annotate consumption events 
according to the activity responsible. A visualisation then presented the user with 
boxes representing each consumption event, whose area corresponded to the total 
amount of energy used in the activity (Figure A.1). They could then selectively remove 
events from the display to see the effect of ‘not doing’ that event. Although the 
triallists encountered problems with interpreting certain aspects of this visualisation, 
they found these "event boxes" easy to understand and conceptualize. 

A.9 T Y P I C A L P R E S E N TAT I O N S 

Non-ambient displays typically fall into six designs: 
• Bar chart. Typically these show user’s energy consumption over either a 

predetermined or user-selectable period of time (e.g. Figure A.4). 

• Progress bar. Horizontal bar with superimposed arrow showing user’s con-
sumption (e.g. Figure A.5). Additional arrows may show a target goal for the 
user and averages or values for similar dwellings/users. 

• Simple graph. Line graph of consumption over a (usually short) period of time 
(e.g. Figure A.2). These are typically used to show peaks in daily consumption. 
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Figure A.1: Display of user-annotated energy consumption (Costanza, Ramchurn, 
and Jennings, 2012, Fig.3) 

• Stacked bar chart. May be used to illustrate base or non-negotiable load. 
Alternatively may show individual appliances or tasks when disaggregated 
metering is available (e.g. Figure A.3). 

• Pie chart. Rarely used. 

• Text table. Rarely used. 

Figure A.2: Periodic display of user’s energy consumption (from Karjalainen, 2011, 
Fig.2) 

Although the progress bar is often used as an implicitly ‘easy to understand’ 
visualisation, Egan (1999) found misinterpretations of the simple progress bar by 
48% of the users in her study (N=276). This did not signifcantly improve when 
volume data were added to create a bell curve indicating the underlying frequency 
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Figure A.3: Different representations of disaggregated energy use: “5”–stacked bar; 
“6”–text table; “7”–stacked bar of day vs. night; “8”–pie chart (Kar-
jalainen, 2011, Fig.3) 

distribution.5 However Wilhite, Høivik, and Olsen (1999) reported that only 16% 
triallists (N=101) found the progress bar diffcult to understand and only 9% found 
the bell curve diffcult. 

Received wisdom is that text tables are not easily understood by users: they favour 
a more visual representation. Interestingly, interviewees in Karjalainen (2011) study 
reported the tabular presentation as being the most preferred. In particular they noted 
it displayed both energy (kWh) and cost (£). 

Pie charts seem rare in practice, perhaps due to the ease with which it may be 
misinterpreted by the user. However, Wilhite, Høivik, and Olsen (1999) reported that 
81% of users in a comparative paper-prototype study (with N=c.225) preferred a pie 
chart to a bar chart for disaggregated-by-end-use data. 

5 Progress bar graphs do not show the underlying frequency distribution so, for example, users at 
the 80th percentile could appear in the middle of the graph, which is then mistakenly assumed 
to be the mean. 
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Historic Feedback 

It seems the preferred method for presenting historical feedback comparison is the 
bar chart (e.g. Figure A.4). However this can be hard to interpret to the inexperienced 
user, so some other presentation (e.g. multi-line graph) may be preferable. 

Figure A.4: Historical comparison of user’s energy consumption (from Karjalainen, 
2011, Fig.2) 

Historical self-comparisons have been found to be effective in informing and 
engaging users but most ambient information systems show only current data not 
historical (Tomitsch et al. (2007)). 

Comparative feedback 

Two popular methods of displaying normative comparisons are the progress bar (e.g. 
Figure A.5) and pictograms. “EnergyWiz” (Petkov, Köbler, Foth, Medland, et al., 
2011) uses pictograms to illustrate the difference between the user’s consumption and 
their most effcient and ineffcient neighbours. However, in this visualisation the size 
of the pictogram bears no relation to the actual consumption and a cursory glance 
may suggest to the user that their consumption is far below that of their neighbours 
(see Figure A.6a). 

Petkov, Köbler, Foth, and Krcmar (2011) suggest one reason for comparative 
feedback failing to facilitate behavioural change is due to the lack of interaction 
between the users: if users could compare notes and exchange tips then comparative 
feedback may be made more engaging. They posit an interesting normative com-
parison where two friends ‘challenge’ each other on Facebook (the online social Social networking 

networking website) to see who uses the least energy over the course of a week (see 
Figure A.6b). In user interviews this was felt to be a propitious way of encouraging 
competitiveness between the users taking part. It is claimed the usual problem of users 
feeling the other parties are not comparable (e.g. different house type; household size) 
can be discounted when the users are known to each other and have similar attitudes. 
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Figure A.5: Comparison with neighbour’s energy consumption (from Karjalainen, 
2011, Fig.2) 

A similar suggestion was reported in Fitzpatrick and Smith (2009) where the 
pervasiveness of social networking might be used to encourage competition with 
friends and neighbours to see who could make the biggest reduction. 

Mobile phone app Kjeldskov et al. (2012) developed “Power Advisor” which is a mobile phone app 
designed to both raise users’ awareness of their consumption, and also to provide 
energy saving tips. It built on work by Schultz, Nolan, et al. (2007) where information 
messages which included an injunction (conveying social approval or disapproval) 
were found to be more effective than description-only messages. Various views (see 
Figure A.7) in the software show: 

• Energy consumption over last week compared to a similar household (gauge). 

• Energy consumption over last 24 hours (graph; hourly readings). 

• Historical comparison of last week versus week before (bar chart). 

• Last meter reading (text). 

• Personalized persuasive messages showing: expert advice; community be-
haviour (whether the local community met their target); and personal usage 
(see Figure A.8). 

This study was able to monitor individual’s access to each screen of the display 
and, unsurprisingly, found differences in which view(s) people preferred. All the 
triallists reported satisfaction with the persuasive messages and particularly liked the 
fact the messages were customised to their own usage, which increased perceived 
applicability and credibility of the information. The usual arguments were levelled 
against the community-comparative information with users split between: useful; 
disinterest (comparability issues); only useful with known people (i.e. friends or 
neighbours). 

Schultz, Nolan, et al. (2007) avoided the negative connotations of information in-
dicating poor performance by using smiley face emoticons, and this was incorporated 
into the design of Power Advisor. 
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(a) (b) 

Figure A.6: Social normative comparison of energy consumption in EnergyWiz: (a) 
with neighbour, (b) with friend. (Petkov, Köbler, Foth, and Krcmar, 2011, 
Figs.1&2) 

A trial by Schwartz, Denef, et al. (2013) used networked PoC devices to capture 
disaggregated consumption and allowed users to group these devices according to 
their own preference and display them as a comparative data cloud (a form of tag 
cloud) (see Figure A.9). 

A.10 R E V I E W O F I N F O R M AT I O N C O N T E N T 

Hand in hand with the layout of the display is the content and the way in which 
the data are presented. The information presented must be appropriate to the input 
(source, magnitude, etc.) and the desired outcome (i.e. hoped-for response from the 
user) (Bartram, 2015). Furthermore any visualisation should go beyond a simple 
production of raw data and consider how the data can be refactored into a more 
meaningful and usable form (ibid.). 

Consideration must be given to the metric used in the information display: typically 
used are power (kW), money (£) and CO2 (tonnes equivalent). Equally important is 
the time period over which the unit is calculated: users have reported pence-per-hour 
as being too small and not motivating, while pounds-per-year is equally considered 
meaningless in any context other than whole-house (i.e. pounds-per-year for an 
individual device is only useful in certain specifc use cases). Few people understand 
or can contextualise tonnes-of-CO2 (Fitzpatrick, and Smith, 2009). 

“It is just a number” is a comment made in a user study of an appliance-level 
consumption display. The user could not visualise whether the fgure displayed 
represented low, normal or high consumption for the device; a disadvantage not 
seen in ambient displays where people felt more able to determine whether their 
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Figure A.7: “Power Advisor” showing comparative, normative and historical energy 
consumption (Kjeldskov et al., 2012, Fig.2) 

Figure A.8: “Power Advisor” showing personalized usage messages (Kjeldskov et 
al., 2012, Fig.3) 

consumption was high or low. What constitutes ‘high’ is determined by the researcher 
and fxed within the system (Heller, and Borchers, 2011). 

It is expected that the form of the content will change depending on the instanta-
neous needs of the user; e.g. changing from an ambient display using a data cloud to 
a real time display using kW to an historic comparison using £ (q.v. above discussion 
of principles of fexible design). 

Furthermore the needs of each user are likely to be different and the information 
displayed must be tailored accordingly (Wilson, Bhamra, and Lilley, 2015; Fischer, 
2008). Information tends to result in an increase in consumer’s knowledge but not 
necessarily to behavioural changes which will save energy. However, tailoring the 
information to each consumer has been shown to result in signifcant energy savings 
through behavioural changes (reported by Abrahamse et al., 2007). 

Subtle use of audio feedback could be benefcial. Wilson, Lilley, and Bhamra 
(2013) found that people respond to the ‘click’ sound of their heating thermostat 
turning on or off, and replicated this click within their trial device. This use of ambient 
sound was thought to be benefcial (but was not specifcally investigated in their trial). 

It is important to display low consumption devices to avoid users thinking they are 
unimportant (Pierce, Fan, et al., 2010). However there is a danger that the low signal 
will be swamped by the high consumption devices. 
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Figure A.9: Tag cloud comparing user defned groups of devices (Schwartz, Denef, et 
al., 2013, Fig.2) 

Consumers generally consider certain energy use to be ‘non-negotiable’ meaning 
this level cannot be affected by user behaviour (e.g. Pierce, Fan, et al., 2010; Snow et 
al., 2013; Paay et al., 2014). To aid user understanding of what consumption they are 
able to manage this baseline should be shown separately on the energy display. 

The frequency of changes in the information displayed on the IHD must be con-
sidered. To better illustrate to the consumer the link between cause and effect the Display update 

feedback must be available quickly after the user takes action. Thus the feedback frequency 

reinforces the consequences of the user’s action (Abrahamse et al., 2005). Not all 
devices require the same frequency of feedback however so this must be considered 
in the light of the opportunity for taking action by the user and also their likely 
behavioural response. For example a higher frequency of updates is required for 
cooking (where the user may initiate some response to the signal) versus using a 
washing machine (where the user has little control of the energy consumed once the 
wash programme has begun) (Wood, and Newborough, 2007a). 

In places where the information is available, it has been possible to display the 
generation source of the consumer’s energy (e.g. the current mix between hydro, wind, 
coal, gas). The intention being to encourage consumers to consider the “environmental 
implications of their electricity usage”. Users expressed interest in this information 
(as they had not been aware of it previously) but its relevance and motivational ability 
is unclear (Apperley, and Kalyan, 2015). 
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This Appendix describes the technical design and development of the system used 
to collect energy consumption data from participants’ homes, and prepare it for 
presentation on the website dashboard. It should be read in conjunction with the 
System Design discussed in Chapter 4. 

B.1 S Y S T E M S E L E C T I O N 

As part of an earlier research project which investigated the effects of retroftting 
large-scale energy effciency measures to social housing, the Cogent Labs research 
centre at Coventry University had installed energy and comfort measuring equipment 
in a block of six fats, and in two semi-detached houses. Using a wireless sensor 
network the monitoring equipment in each home captured data from various sensor 
nodes and transmitted it back to a computer server located in the university. 

Occupants were interviewed pre- and post-build, during the period 2014–2016, to 
identify and understand their energy consumption practices, and their responses to 
the building works.1 

Since this group of people were already working with the University, and since the 
energy monitoring had already been in place for two years thus providing a useful 
data base for the generation of historic feedback and usage projections, it was decided 
to use this group as one group of subjects in this research. This group would fulfl the 
desired cohort of social housing participants.2 

Of particular interest to the current research was the near real-time capture of 
electricity and gas consumption data. Electricity data consisted of instantaneous 
energy usage (in W) taken by a clamp-on energy meter, while gas usage (in 0.01 m3or 
cu.ft.) came from a pulse counter attached to the home’s domestic gas meter. 

Data had been collected for these homes continuously since February 2014, and 
so provided a useful data set. However the data was designed and used in a post-
event data mining capacity, whereas the current research required real-time (or near 
real-time) data on the collection side, coupled with fast access times for information 
presentation purposes. This required extensive restructuring of the data. 

In-home energy 
monitoring 

B.2 cogent house S Y S T E M D E S C R I P T I O N 

The system — called Cogent House — used in the earlier project was developed at 
Cogent Labs for the collection of energy consumption and environmental comfort 
data in domestic homes. It used a wireless sensor network to monitor various energy 
and environmental parameters within each home. Data from a variety of sensors 

Wireless sensor 
network 

1 Note: This researcher was not involved in that project. 
2 Chapter 3 describes the two groups of participants used in this research: (i) social housing, (ii) 

owner-occupiers. 
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(e.g. temperature, humidity, electricity usage, gas usage, carbon dioxide levels, and 
heat metering) were collected locally (i.e. within a remote location) before being 
periodically transmitted over the mobile phone 3G network, via a data connection, 
to a computer server located in Cogent Labs’ offce where the data were stored in a 
relational database (MySQL) for subsequent data analysis. 

The software for the wireless mesh network and for the capture and storage of 
sensor data was developed at Cogent Labs and is open-source.3 

Despite the necessity of changing the system to be one which worked in real-
time rather than offine mode, this system was chosen as the base for the energy 
dashboard because it was a mature system, and was already actively deployed into 
eight properties. It also benefted from having a pool of expertise readily accessible 
within the research offce at Cogent Labs, and used methods and software which 
could be quickly customised to satisfy the new requirements. 

(For a full description of the wireless sensor network design and build see Wilkins, 
2014.) 

The Cogent House system installed for Group 1 participants included monitoring of 
environmental parameters (e.g. temperature; humidity; carbon dioxide concentration) 
which were not required for this study. These did not impact the collection of energy 
data, and were not used for Group 2 participants. 

B.3 E N H A N C E M E N T 

The Cogent House software system was designed for real-time capture of sensor 
Real-time feedback data, but with the expectation that data analysis would be performed offine at a later 

date. Indeed a claimed feature of the system is its ability to allow offine collection of 
sensor data at the end of a feld study in the event of online transmission across the 
internet being unavailable. 

To be viable as a user prompt for the current research, this system required 
enhancement to feed back to the participants their energy consumption. Various 
options/methods were considered for making energy data available to the users. 
Typically, in energy feedback/intervention studies, an IHD is used. These vary both in 
terms of complexity and level of data abstraction. An alternative method used is to 
present the feedback as an internet browser display (e.g. website). 

The design of the Cogent House system makes an IHD approach diffcult. For 
Group 1 participants it was undesirable to modify the in-home data collection server, 
to avoid any potential impact on the already-running project. Thus local processing 
of the data was impractical. The alternative, back-end processing of data, would not 
preclude an IHD. 

Societal trends suggest a user preference for ‘data anywhere’: viz. people are 
increasingly expecting to be able to access their data anywhere and anytime, and using 
varied devices. One way of meeting this desire is to provide data in the internet ‘cloud’, 
which users can then access from multiple devices. Alongside secure websites, desktop 
and smartphone apps are increasingly familiar as ways to access personal information. 

3 Available at https://github.com/jbrusey/cogent-house 

https://github.com/jbrusey/cogent-house
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Other methods of feedback, such as paper, were excluded due to their lack of 
contemporaneity. 

It was decided to present the users’ consumption data in the form of a website Website dashboard 

which could be accessible from any internet browser or browser-enabled device (e.g. 
smartphone). 

This satisfed the following design goals: (i) avoid a technology barrier, (ii) simple 
to use, (iii) intuitive, (iv) familiarity. The energy monitoring system is not the focus 
of this research: ideally it should be ‘invisible’— it is merely a tool used to elicit 
consumer interaction. 

B.4 D E TA I L E D O P E R AT I O N 

It is informative to describe the system architecture and operation in more detail, to 
explain how the consumption data were collected and processed. 

B.4.1 Cogent House System 

The Cogent House system installed for Group 1 monitored eight environmental and 
energy parameters in each house. The current research was interested in only two of 
these: amounts of electricity and gas consumed. 

Electricity consumption was measured using a current clamp ( C T clamp) attached Electricity sensor 

to the incoming electricity supply between the supply company’s fuse and the house 
distribution panel. Thus it measured whole house (i.e. not disaggregated) usage. The 
clamps used are the Envi system manufactured by Current Cost (see Figure B.1a). The 
system incorporates an IHD which displays instantaneous electricity consumption; 
this IHD was placed in the kitchen of each house. A digital output from the IHD was 
input to a TelosB node with bespoke software, which extracted the electricity values 
and transmitted then across a custom mesh network to a local server. 

Gas consumption was measured with either an inline gas fow valve or a magnetic Gas sensor 

sensor attached to the supply meter dials. Pulse output from the meter sensor was 
computed in an attached node and sent across the mesh network to the local server. 

For Group 2 installations a different gas sensor was used, manufactured by Magp-
Eye (see Figure B.1c). It operated in a similar manner by counting the revolutions 
of the gas meter volumetric display, and the pulse output sent to an attached node. 
Sensing was by either a magnetic or optical sensor depending on the capability of the 
participant’s meter. 

Figure B.2 shows representative electricity and gas sensor installations. 
Data received at the local server (Raspberry Pi) was stored in a MySQL database 

by the Cogent House software. Periodically (once an hour) the local server connected, 
via the Vodafone mobile 3G network, to a central server (Linux PC) located in the 
Cogent Labs and attached to the Coventry University network. Data stored since the 
last connection were uploaded to the central server, and stored in a MySQL database. 

A feature of the sensor network used here is that sensor data are only transmitted 
when the value has changed by at least 5% from the last measurement. (The nodes 



210 I N F O R M AT I C S S Y S T E M I N F R A S T RU C T U R E 

(a) (b) (c) 

Figure B.1: Sensors: (a) Clamp-on electricity sensor (Current Cost), (b) Current Cost 
display with TelosB mote, (c) Magnetic gas sensor (MagpEye) with TelosB 
mote. 

are battery powered and this regime is designed to extend battery life and hence node 
uptime.) 

B.4.2 Cogent House Extension 

To avoid any interference or impact on the Cogent Labs’ project all data of interest to 
the current research were pulled into a separate database. Here the data were manipu-
lated in new MySQL tables to reconstruct the user’s hourly and daily consumption. 

A publicly accessible web server used PHP and Javascript to construct real-
HTML5 browser time interactive views of the users’ data, for remote display in an HTML5 browser 

(website). Data were predominantly displayed as column charts showing energy usage 
over time. Initially this web server was located on a separate server connected to 
the university network; however, due to reliability issues (the university-supplied 
virtual server was unreliable with regular periods of inaccessibility) and poor website 
response time (c.f. above discussion re fast response time to user queries), this was 
subsequently moved to a private server rented by the researcher from a commercial 
hosting company.4 

Certain features within the website were interactive (see budgeting and annotations 
discussed in section 4.3) and allowed the user to store certain data for later retrieval. 
These data were returned to the central server (using Javascript/Ajax) and stored in 
the database. 

B.4.3 System Architecture 

An illustrative block diagram of the system is shown in Figure B.3. 

B.4.3.1 Group 1 Participants 

The in-home computer architecture consisted of a mesh network of TelosB motes 
(running the Cogent House software under TinyOS), which transmitted data to the 
central node located in the local server using a 433 MHz wireless mesh network. 
The central node stored the data in memory before forwarding it on the local server 

4 Note: The move was completed before the frst access by the participants. 
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(a) (b) 

(c) 

Figure B.2: Installed sensors: (a) Electricity sensor attached to consumer’s electricity 
supply meter, (b) Gas sensor attached to consumer’s gas supply meter, (c) 
Electricity display positioned by kitchen sink. 

(Raspberry Pi model 3). Due to the mesh architecture and the proximity of the 
participants (viz. they were either in the same block of fats, or were in adjoining 
semi-detached house) only two local servers were required for all the participants. In 
practice this offered the beneft of less equipment to monitor and manage, but with 
the increased risks associated with single-point-of-failure. 

Attached to the Pi was a powered 4-port USB hub, which it turn was connected to 
an external wireless router with 3G mobile phone network capability. Once an hour 3G mobile 

the local server would make an encrypted data connection via the 3G router to the 
central server located in Cogent Labs. The central server ran Linux, with numerous 
Python extensions to allow it to receive the data on a dedicated access port and write 
it to a MySQL database. In this way the local and central servers were synchronised 
with respect to (i) data collected, (ii) node locations/functions. 

B.4.3.2 Group 2 Participants 

For Group 2 participants this architecture had to be adapted to suit the fact that the 
participants were not co-located. The basic principles were the same but each separate 
house would require its own local server. 
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Figure B.3: Block Diagram of the information system. 

The architecture/hardware of the local server was simplifed. Instead of the Rasp-
berry Pi 3 and 3G router, a Raspberry Pi Zero Wireless was used with an add-on 
Ethernet board. This facilitated connection to the participant’s home network using 

Home broadband either regular Wi-Fi (802.11) or wired LAN connection. Data connection to the central 
server would then be made using the participant’s existing broadband connection.5 

All the materiel for the Group 2 local servers was purchased, and the local servers 
constructed, by this researcher. 

Bare Pi Zeros were populated with the necessary headers, and custom cables were 
fabricated to connect the Pi motherboard to: (i) a TelosB mote confgured as the 
central node, (ii) Ethernet LAN daughterboard, and (iii) a real-time clock board. 
Figure B.4 shows the hardware being installed into a case. 

A new software image for the Pi server was built using Raspbian Jessie operating 
system. The Cogent House software was subsequently installed and modifed as 
necessary to work with the newer operating system, and to communicate directly over 
wireless (the previous server build — used in Group 1 — interfaced by ethernet only). 

B.4.4 Data Collection 

Data collected from the local server in the participants’ homes was written to a 
MySQL database located in Cogent Labs for later data analysis. Separate databases 
were used for Group 1 and 2 participants. Every 5 minutes an automated script was 
run on the central server to create the database tables used by the website front-end 
(see Figure 4.8).6 

B.4.5 Data Manipulation 

Data arriving at the central sever for gas and electricity consumption consisted of 
cumulative usage (for gas) and instantaneous usage (for electricity). 

Gas usage was measured in either metres cubed or cubic feet, depending on the 
meter installed at the property. This was converted to kWh using an assumed calorifc 
value of 39.3 MJ/m3 and assumed volume correction factor of 1.02264. 

5 Explicit consent for this method was acquired at the initial meeting with each Group 2 
participant. 

6 This set a limit to the ability of users to see immediate feedback on their energy consumption, 
but this was deemed acceptable to meet the design requirement of near real-time information. 
This system was not intended, nor needed, to provide data in true real-time. 
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(a) 

(b) 

Figure B.4: Construction of the Raspberry Pi Zero(W) server: (a) Components, (b) 
Boxed-up. 

Electricity usage was measured in kWh and recorded as instantaneous (i.e. not 
cumulative) consumption. The maximum sampling frequency of the Current Cost 
electricity sensor is 6 s. To convert to periodic usage it was assumed the same value 
occurs for the period up to the next reading. Obviously this is an approximation 
and may overstate or understate the true consumption over that period, or even miss 
transient events entirely. Within the terms of reference for this tool that simplifcation 
was deemed acceptable. 

The TelosB mote attached to the gas sensor was battery powered (3 v), whereas the 
one attached to the electricity sensor was powered by the Current Cost monitor itself. 
Within each data transmission the mote included a reading of the battery voltage. 
It had previously been determined (by Cogent Labs) that low voltages may cause 
erroneous values to be recorded, therefore data readings with battery voltage levels 
below a threshold (2.4 v) were ignored in calculations. 

Values for hourly and daily consumption for both gas and electricity were calculated 
and stored, to assist fast access times. Some denormalisation of the Cogent House 
database was performed to further improve MySQL response times and thence website 
response times (to meet a design requirement of sub-three-second response times). 

Hourly / daily energy 
usage 
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Data packets sent from the sensor nodes across the mesh network were sequentially 
numbered. This enabled the detection of missing packets (e.g. where a transmitted 
packet was not received by the master node attached to the local server). When calcu-
lating the consumption over a period of time a reading was ignored if the preceding 
sequenced packet was not available. No attempt was made to interpolate missing 
values as that level of accuracy was deemed not necessary, and the simplifcation 
accepted. In practice this meant that the calculated consumption for a period (hour 
and day) would be under-calculated.7 

B.5 I N I T I A L DATA L OA D 

The database tables custom to this system were created from the existing Cogent 
House tables using MySQL programs (stored procedures).8 The data load could also 
be re-run at any time to re-create the custom tables should that be required (e.g. the 
use of gas meter measuring in cubic meters was initially calculated incorrectly due to 
incomplete documentation of the MagpEye gas sensor), with no loss of data. 

B.6 W E B S I T E DA S H B OA R D 

To aid widespread accessibility the system was developed to run on an internet-
Device compatibility accessible web server and be viewable on any device (e.g. laptop, tablet, smartphone) 

which had an HTML5-capable browser. 
The presentation of energy consumption data as an ‘energy dashboard’ afforded 

quick development time, and rapid prototyping in response to user suggestions for 
changes and enhancements. 

B.6.1 Visualisation Method 

The intention was to present the information such that it could be viewed either on a 
smartphone or in a notebook/desktop computer browser. To ensure the system would 
work correctly on the widest range of devices, the system was designed to use only 
the capabilities of a typical personal computer. 

It was important to not introduce barriers which would deter user interaction, so a 
further requirement was that no new software should need to be installed by the user. 

Presentation as a mobile phone ‘app’ was rejected due to the development time 
involved and the poor capabilities of phone apps at handling data-intensive program-
ming. 

7 Subsequent analysis of the database readings showed the number of these data dropouts to 
be few, and their impact — i.e. an estimation of the amount of power which might have 
been consumed had the reading not dropped-out — was not signifcant to the intended use. 
In practice, participants were able to readily identify any such anomaly when they used the 
website, and referred to them as ‘equipment failure’. 

8 All PHP/HTML/Javascript/MySQL procedures used in the extended system were developed by 
this researcher. 

http:browser.To
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None of these presentation methods is ideal. Apps and websites lack the ‘always 
visible’ characteristic of IHDs,9 and require the user to remember that it is there 
and take positive action to access it, while IHDs themselves are restricted in their 
information capacity and visualisation capabilities.10 

The real indicator is whether people fnd it useful; if they do then they will engage 
with it whether it is an app or a website, or some other form. 

B.6.2 Visualisation Design 

Much consideration was given to the content of the information visualisation (i.e. the 
‘energy dashboard’). In particular it was important to make the system accessible, 
intuitive, and simple to navigate/use. 

Vassileva, Dahlquist, et al. (2013) identifed various factors which affect household 
energy consumption and suggested the feedback should be tailored to the specifc 
household group. That approach introduces complexity (by having to maintain a 
number of different tools/visualisations), whereas a multi-function/multi-level design Multi-function / 

which allows the users to customise and navigate as they wish may offer more scope multi-level design 

for benefcial appropriation by the users. 
The classical approach to modelling the user interface (Benyon, Green, and Bental, 

1999) approaches interface design from the perspective of the objects/entities within 
the system. Multiple perceptual displays refect the message the designer hopes the 
user will comprehend. However, this may be a barrier to appropriation where the 
presentation offers little scope for user preference. A task-based approach to modelling 
can lead to a disjointed model which, by focusing solely on the user/system tasks, 
ignores how the system will be used, and may force rigid paths through the system. 
The present research is more interested in operational aspects of the interface, so Use cases 

use-cases were considered more appropriate to model functional design. 
To explore how a user might interact with the feedback information a paper- Paper prototyping 

prototyping exercise was undertaken. Building on the content uncovered in the review 
of recent papers (q.v. Chapter 4.6), and shaped by the key features required by 
this research (q.v. Chapter 4.3), a number of use cases were identifed. These were 
developed through simple storyboarding to see how a user might navigate through the 
screens. 

Use cases typically involve the pre-determination of a number of personas, each 
representing a particular user profle. Profling, in turn, requires analysis of users’ 
attributes and requirements. However, user requirements gathering presupposes the 
users know what information they want, which is not the case here — this research 
sets out to determine what information users require. The corollary is poor user 
requirements and poor systems typically result when decision-makers, designers and 
system builders think they understand what the end-users want, but, in practice, do 
not. Risk here is that, by defning the requirements without end-user involvement, 
wrong information is provided (that is, the user’s needs are not met). Here the choice User input to design 

9 But note people hide/unplug the CC display. 
10 Also, three participants (F5,P52,P53) independently commented that they believed the CC 

monitor used electricity and so were inclined to unplug it to save electricity. 
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was made to develop a fully-functioning prototype, and then elicit feedback during 
the user study to guide iterative design of the prototype. 

This is simplifed because the data available are, by their nature, limited in type 
Conceptualising the and scope. The intention was to deliberately provide a not overly-interpreted display: 

data striking a balance between avoiding cognitive overloading by the users against giving 
information that is too abstracted. What information users appropriate, and what they 
do with the information, is a central theme of the current research. Allowing users the 
fexibility to develop differing conceptualisations of the same data would inform the 
research aim. 

The storyboarding exercise determined the conceptual layout of the visualisation 
and fed into the system programming. 

Accessibility starts with having a relevant and easily remembered website name, 
so the MyEnergy.Today domain name was acquired.11 

Studies in the existing literature appear divided between the presentation of energy 
consumption as charts or as plain numbers, with both camps claiming positive results 
(and thereby implying good understanding by the participants). To avoid any potential 
alienation of users who might not like one solus design a combination of chart plus 
numbers was chosen: the user was then able to select whether to display numbers or 
not (q.v. Section B.8). 

A mixed visualisation consisting of both an ambient display combined with a 
graphical data representation was considered benefcial, and some commercial IHDs 
(e.g. British Gas smart meter display) incorporate this feature. To implement such a 
feature requires modelling of the individual’s baseline consumption over time, and 
while this data was available for Group 1 participants, there was no historical data 
available for Group 2 participants so this feature was deferred. 

B.6.3 Screen Content 

The screen content was deliberately kept simple to avoid information overload while 
presenting the key data on the user’s energy consumption. Navigation was expected 
to be via mouse click or touch screen, with only minimal text input. 

Main data The key layers from the dashboard design exercise were representations of: 
representations 

(i) Daily energy consumption for current and previous weeks, as a proportion of a 
user-set budget. 

(ii) Weekly and monthly consumption. 

(iii) Hourly energy consumption for any day selected from (i) or (ii). 

Several linked screens were developed using a consistent layout. (Figure B.5 shows 
an example screen from the energy dashboard presenting electricity usage for a seven-

11 Subsequently it was noticed that some of the participants would attempt to navigate to the site 
using the Google search page in their browser rather than the URI address bar. Unfortunately, 
at the time of writing, Google did not recognise the .today Top-Level Domain (TLD) so the 
website could not be found until the participant was advised to use the address bar. 

http:feature.To
http:acquired.11
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Figure B.5: Example screen from the energy dashboard, showing weekly electricity 
usage as cost per day, and proportion of user-set budget as a decreasing 
value. 

day period.) The user could interact with the web screens at various places to change 
the information displayed, and to record personal textual data. 

On visiting the web page (and assuming the user has already logged in) the user 
was presented with a chart of electricity usage for the current week. This showed their 
daily spend, and proportion of budget as a decreasing value. (Mouse hover on the 
column displayed its numeric value.) The user was then free to navigate through their 
hourly, weekly or annual consumption for electricity or gas. 

B.7 S O F T WA R E D E S I G N A N D D E V E L O P M E N T 

A beneft of bespoke in-home displays is their responsiveness to user interaction. 
This contrasts with websites, where delays are systemic and have an adverse effect on One-second response 

the user experience. Personal experience suggests people disengage with a website time 

when the response time exceeds fve seconds. Consequently a design goal for this 
system was to achieve response times to user requests of under one second. This was 
achieved using a mix of predictive forward and reverse caching, with asynchronous 
data retrieval. 

Since the energy display was not the be-all and end-all of this research, it was 
important the system could be built quickly and easily. To this end a standard LAMP12 Software selection 
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setup was confgured on a virtual server provided by the University13 . 
The visualisation design (q.v. Section B.6.2) required the preparation of graphical 

charts for display to the user. Two design approaches suggested themselves. Server-
side chart preparation would build the chart on the server, and the prepared chart is 
then broadcast to the user’s browser. Alternatively, only the data is sent to the browser 

Client-side chart where the chart is built locally (i.e. on the user’s computer). The pros and cons of 
generation both approaches are well known. In deciding which to select, the key considerations 

were: (i) the generally poor charting capabilities of the PHP language, and (ii) the 
design requirement of under-one-second response times. The number of free charting 
packages for PHP is small, and those which do exist seemed, on frst inspection, 
to be relatively infexible or have a steep learning curve. Further, transmitting a 
bitmap image (i.e. energy consumption chart) to the user may have a jerky (slow) 
presentation. In contrast a number of free charting packages exist for client-side 
generation of charts, typically written in the Javascript programming language. After 
an in-lab proof-of-concept trial, the charting package Fusioncharts14 was chosen for 
its fexibility, comprehensiveness and speed of chart generation. 

B.8 U S E R C U S T O M I S AT I O N O F D I S P L AY 

Part of the aim of this research was to explore how people appropriate energy 
consumption information and explore how those needs might differ between people/-
groups. Do all users want the same thing? How might their information requirements 
vary? 

User-selectable So a limited amount of customisation was incorporated into the page design. By 
options selecting on-screen options the user could make a small number of pre-determined 

changes to the displayed charts. The changes were limited to: displaying/hiding 
numerical values, displaying/hiding chart axis labels, displaying trend-lines and scale, 
and showing values cumulative or daily values. Initially the changes were by addition 
of option parameters to the webpage Uniform Resource Locator (URL) (for Group 
1), but subsequently by on-screen buttons (for Group 2) (in response to diffculties 
experienced in trials with Group 1) (see Figure B.6). 

In discussions with the participants they were shown the various options and asked 
to refect on which they preferred and why. 

B.9 I N T E R AC T I O N L O G G I N G 

A logging function built into the dashboard tracked which pages the user looked 
Interaction logging at, for which days, and logged other actions of interest (e.g. certain mouseovers). 

The intention was to see which parts of the visualisation were accessed and in what 
sequence. In follow-up interviews the user would then be asked if they could explain 
their actions (viz. why they did particular things in that particular way). 

12 Linux operating system, Apache HTTP server, MySQL relational database management system, 
PHP programming language. 

13 Due to delays in making this server publicly accessible, the system was subsequently moved to 
a comparable external server rented by the researcher. 

14 From InfoSoft Global Pvt Ltd. www.fusioncharts.com 

http:www.fusioncharts.com
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Figure B.6: Options buttons allowing customisation of the data presentation. 

B.10 I T E R AT I V E D E V E L O P M E N T 

The information visualisation was designed with the intention of it being modifed 
in response to feedback received from the participants. A number of changes were 
made, as the research progressed, to incorporate suggestions made by the users, and to 
improve clarity where the information was confusing or misunderstood by the users. 
In brief, these changes were: 

• Added date selector to quickly go to a particular week. 

• Weekly chart starts on selected day (previously was always start with Sunday). 

• ‘Options’ implemented as buttons rather than URL parameters. 

• Ability to hide the ‘Options’ buttons. 

• Added scrollable chart of annual consumption (day values) for gas and elec-
tricity, with average line. 

• Added self-comparison of current period (week or month) against previous 
period. 

• Added input felds to record manual gas readings for those participants with a 
gas meter which could not be interfaced with (e.g. Smart Meter). 

• Added overlay of room temperature (strictly speaking the temperature of the 
Current Cost monitor) onto the hourly chart. 

• ‘Options’ buttons foat for better viewing on phone screens. 

B.11 C O N S T R A I N T S 

For study Group 1 it was not possible to alter the frequency of data collection. This was Website update 

fxed, such that data were transmitted to the server only once an hour. In consequence, frequency 

any change in energy consumption might not be visible to the user, on the website, 
for up to an hour after the event. 

For Group 2 it was possible to modify the data collection rate to once every fve 
minutes to ameliorate this constraint. 

For the initial deployment with each group of users it was not possible to know Energy tariffs 
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their actual tariffs for electricity and gas use, so an estimate was made.15 At the initial 
interview a copy of their tariff was requested and that information was then added to 
the program. It was applied historically such that their existing data was subsequently 
recalculated using the actual tariff cost. 

Equipment The Current Cost monitor uses a clamp-on device to measure current fow. In-lab 
characteristics testing showed this particular device had an accuracy of approximately +/-20% at 

rates below 1 kWh and approximately +/-9% at rates at or above 1 kWh. 
The charting package used (FusionCharts) requires a device capable of displaying 

the HTML5 language. In practice, participant H25 had only an older tablet device 
available, and it could not display the website. It was not possible therefore to explore 
the website with this participant. 

B.12 I S S U E S 

Calculation of electricity consumption was at best only an approximation of actual 
Usage usage since the meter reading is not recorded. Calculation of daily usage relies on 

approximations all sensor readings from the electricity node being received by the server; however, 
calculations (by Wilkins, 2014) have indicated a data rate of only 60% in the Cogent 
House system. Where sequential values are missing the previous usage rate has 
to either be ignored, or assumed it continues until the next valid reading. These 
scenarios are likely to result in under- and over-estimations. For the current system it 
was decided to opt for under-estimation by ignoring consumption during data gaps: 
anecdotal evidence suggests people are more tolerant of under-recorded consumption 
fgures than those which are over-recorded. (Evidence in support of this claim is 
offered from participant F5 who denounced a commercial device when it was over-
estimating their actual usage and refused to use it further.) 

Homes in Group 1, in addition to a pulse counter attached to the gas meter, had 
Sensor disparity a gas volume meter (not used in this research) plumbed inline to the gas pipework. 

Gas volumes recorded by the volume meter and the pulse counter would be expected 
to agree; however, a discrepancy was observed (and confrmed by comparison with 
the supplier’s printed gas bill). The source of this difference was not determined, but 
may have arisen in the TelosB node attached to the magnetic gas sensor. In Group 2 
a different sensor was used (the MagpEye device), and no difference was observed 
between the computer gas consumption and the supplier’s bill. 

Group 1 

During the period of the interviews the system suffered from a number of data drop-
Data drop-outs outs. Notably between 2 August 2016–26 October 2016, no data was received from 

the remote system due to equipment failure. This had two adverse impacts on the 
information feedback. Firstly, it resulted in gaps on the usage charts displayed to the 
users, and inability to calculate cumulative consumption. In mitigation a simplifed 
estimate of usage for the missing days was performed (based on usage for the similar 
period last year, which was then adjusted according to current averaged usage versus 

15 Gas: standing charge 24.0 p/day 3.4 p/kWh. Electricity: standing charge 25.0 p/day 14.5 p/kWh 
(source: Energy Saving Trust). VAT was added at 5%. 
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the same period last year to try to account for long-term changes in usage). These 
estimated days were displayed in a different colour. Secondly, gaps in the data would 
infuence attempts at forecasting usage, but replacing the missing data with estimates 
allowed an approximated forecast. 

During the round 1 interview with participant P5 it was noticed that all of the bat-
teries had been removed, by the participant, from the installed monitoring equipment. 
New batteries were installed and the equipment resumed data collection thereafter. 

Group 2 

Two of the participants (P52, P58) had Smart Meters installed on their gas supply. 
Unfortunately it was not possible, with the equipment available, to interface to these No interface to Smart 

meters, so no gas monitoring could be undertaken with these homes. The gas meter Meters 

for participant P57 would not trigger the sensor, which could not be resolved, so gas 
monitoring was not possible. 

Unlike the gas sensors used in Group 1 which clipped securely into the gas meter, 
the MagpEye sensors were attached to the meter by sticky tape. Occasionally the 
sensor would become detached from the meter, and no further readings were available 
until the researcher — or the participant — re-attached it. 

In practice, none of these issues were insurmountable and all of the participants were 
observed to able to ‘work around’ missing data without undue concern. 





C 
PA R T I C I PA N T I N F O R M AT I O N 

C.1 C O M P L E T E D Q U E S T I O N NA I R E S 

Participants in Group 2 were asked to complete a questionnaire prior to the frst 
meeting. The following table collates their responses. It is useful to refer to this table 
in conjunction with the discussion of user practices in chapter 6. 
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C.2 PA RT I C I PA N T F O R M S 

Request for Participants 
Participant Information Sheet 
Participant Informed Consent Form 
Participant Details Form 
Participant Questionnaire template 
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Participants wanted for domestic energy consumption study

Hello,

My name's James and I'm a PhD student at Coventry university.

I'm seeking to recruit people from the university (staff or academics) to take part in a 6 month
study. The study forms part of my PhD research (I'm currently in my second year).

What's it about

My research is centred on domestic energy consumption, and I'd like to develop an
understanding about your understanding, of where the electricity and gas goes in your home,
and what energy means to you.

What's involved

I will install energy monitoring equipment in your home. This consists of sensors attached to
your electricity and gas meters, and a small device to send the data to me. This will collect
information about your electricity and gas (if you have gas) consumption. It will be sent back
to a computer in my office and processed so that you can then view it on the internet from
your laptop/notebook/etc. Access to your data will be password protected and only you and I
will know the password.

During the period of the trial I will arrange to interview you in your home to chat about your
energy consumption. I expect to make monthly visits to meet with you at a time to suit you.
(Each visit will last under an hour.)

All information collected will be kept private and used only in accordance with the
university's data policy.

What you need

You will need to have access to the internet in your home, to view the online charts of your
energy data.

Ideally you will live within 5 miles of Coventry, or within the Coventry-Dunchurch-
Lutterworth triangle.

About you

You don't need any particular background, and no maths or scientific background is required.
I'm not looking for any particular type of person - variety is important to me! You don't need
to be an ‘eco-warrior’ or know anything about ‘energy’.

You, or your partner, need to be the bill payer for your household energy bills.
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Timetable

The study will commence in December 2017 and run for 6 months.

At the end of the 6 months I will remove all the equipment from your home.

Of course, the trial is purely voluntary and you are free to withdraw at any time.

Interested?

Thanks for your time in reading this,

Kind regards,
James

--
James Westcott
Research Student (PhD)
Faculty of Engineering, Environment and Computing

Coventry University
Futures Institute (IV10.G12A)
Unit 10, Innovation Village
Cheetah Road
Coventry CV1 2TL

Content removed on data protection grounds
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Domestic Energy Study P

JW 2017-12-11

Participant Information Sheet

1. Information about the project

I'm inviting people from the university (staff/academics) to take part in a 6 month study. The
study forms part of my PhD research into domestic energy consumption.

I'd like to develop an understanding about your understanding, of where the electricity and
gas goes in your home, and what energy means to you.

2. Why have I been chosen?

You kindly responded to an open invitation to university staff to take part in this study.

The key criterion for participation is that you (or a close occupant) are responsible for
paying for energy usage in your home.

3. What do I have to do?

I will install energy monitoring equipment in your home. This consists of sensors attached to
your electricity and gas meters, and a small device to send the data to me. This will collect
information about your electricity and gas (if you have gas) consumption. It will be sent back
to a computer in my office and processed so that you can then view it on the internet from
your laptop/notebook/etc. Access to the online data will be password protected and only
you and I will know the password.

During the period of the study I will arrange to interview you in your home to chat about
your energy consumption. I expect to make monthly visits to meet with you at a time to suit
you. (Each visit will last under an hour.)

At the end of the study all monitoring equipment will be removed.

4. What are the risks associated with this project?

There are no significant risks of harm, potential harm or disclosure of harm to you or other
occupants.

5. What are the benefits of taking part?

Hopefully you may develop a fuller understanding about your energy consumption.

6. Withdrawal options

Participation in this study is entirely voluntary and you are free to withdraw at any time
without giving a reason.
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Domestic Energy Study P

JW 2017-12-11

7. Data protection & confidentiality

All information collected will be kept private and used only in accordance with the
university's data and privacy policies. All primary data (interview notes; energy data; etc.)
will be securely destroyed within 12 months of the end of the study.

Anonymized data may be used in my PhD dissertation and in academic publications. No
personally identifiable information (PII) will be published.

8. What if things go wrong? Who to complain to.

In the first instance please tell me if you are unhappy with any aspect of the study and I will
endeavour to rectify the situation. Formal complaints may be addressed to Prof. Elena
Gaura (csx216@coventry.ac.uk).

9. What will happen with the results of the study?

Results from the study will be used in my research. Some data may be anonymized (to
remove personally identifiable information) and published in my PhD dissertation and/or
academic/conference papers.

10. Who has reviewed this study?

This study has been reviewed by my Director of Studies.
(CU Ethics Approval ref. P42266)

11. Further information / Key contact details

James Westcott
07903 935328

Content removed on data protection grounds
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CONFIDENTIAL Domestic Energy Study P

JW 2017-12-01

Informed Consent Form

This study involves monitoring the consumption of gas and electricity in your home over a period of
6 months. Equipment will be installed in your home to collect these data and present them to you as an
internet web display. The researcher will meet you, in your home, once a month to talk about your energy
use.
(see Participant Information Sheet for further details)

Please tick
1. I confirm that I have read and understood the participant information sheet for
the above study and have had the opportunity to ask questions.

2. I understand that my participation is voluntary and that I am free to withdraw at
anytime without giving a reason.

3. I understand that all the information I provide will be treated in confidence.

4. I understand that I also have the right to change my mind about participating in
the study for a short period after the study has concluded (within 15 days of final
interview).

5. I agree to be recorded as part of the research project.

6. I agree to take part in the research project.

Name of participant: .......................................................................................

Signature of participant: .................................................................................

Date: ...............................................................................................................

Witnessed by (if appropriate): .........................................................................

Name of witness:..............................................................................................

Signature of witness: ........................................................................................

Name of Researcher: ........................................................................................

Signature of researcher: ..................................................................................

Date: .................................................................................................................
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CONFIDENTIAL Domestic Energy Study P

JW 2017-12-06

Participant Details

Name:

Preferred phone number:

Mobile number:

Preferred e-mail address:

Address including postcode:

Preferred time for interviews: (please tick all suitable times)

Morning

Afternoon

Evening

Saturday

Sunday
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CONFIDENTIAL Domestic Energy Study P

JW 2017-12-11

Participant Questionnaire 1

All information is confidential and will be used, stored and retained strictly in accordance
with University policies.

What is your age? under 20

20-29

30-39

40-49

50-59

60-69

70-79

80-90

over 90

What is your gender? male

female

other

Do you own/rent your home? own

rent

other ...(please specify)

How long have you lived in your
current home (approximate
years)?

What is the Council Tax band of
your house?

How many people aged 16 or over
live in your house?

How many people aged 15 or
under live in your house?

What is your occupation?

Are you interested in your
household energy consumption?

Why?



D 
R E S U LT D ATA 

D.1 T H E M AT I C A NA LY S I S - C O D E S 

The following codes were determined through the coding of the interview transcrip-
tions. 

A combination of ‘In Vivo’ plus ‘Values Coding’ (values, attitudes, beliefs) was 
used to code the transcriptions. Subsequent categorisation, and second-pass coding 
refned the codes and sub-codes to the list presented here (q.v. Chapter 5.5). 

The fve main categories (below) were used in the descriptive narratives presented 
in Chapter 6. 

[Note: the large number of codes associated with ‘Energy Information’, and the 
small number associated with ‘Budgeting Behaviour’ refects the fact that an inductive 
coding method was used and these codes occurred more, or less, frequently than 
others.] 
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Category Node

Energy & Lifestyle
attitude to energy
elective / non-discretionary
energy & lifestyle

family involvement
lifestyle changes

occupancy
simplicity
time-shifting

Energy Behaviour
conservation behaviour
consumption level (belief)
displacement consumption
energy awareness
energy behaviour
energy conscious
energy efficiency
energy monitoring
environment

environmental awareness
environmental beliefs
environmental conscience
environmental values

investment (financial)
location shiftinglocation shifting
personal control
personal values
switching

dual fuel
hassle

Energy Consumption
appliance consumption
consumption

anomalous
awareness
baseline
guilt
standby draw

energy saving
effort vs reward
expectations
scale of change

energy spending
fatalism
heating controls
kettle myth
lighting
thermal comfort
understandings
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Category Node

variables affecting consumption
   weather

Budgeting Behaviour
budgeting

cost budgeting
kWh budgeting
feelings & desires
timeframe

cost conscious
forecasting
goal setting

Energy Information
activity metering
appliance monitoring
   appliance relativity
attitude to energy suppliers
attitude to technology
   use of technology
billing

billing amount
online billing - hassle

comparisons
normative comparison
self comparison

disaggregated meteringdisaggregated metering
energy labeling
energy units
   numbers not important
existing knowledge
feedback

information content
lack of information

IHD
backgrounding
smart meter
usability
usage

learning
personal reflection

explain consumption
tariffs
visualisation

ambient

D.1 T H E M AT I C A NA LY S I S - C O D E S 237 
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M E E T I N G A G E N D A A N D PA R T I C I PA N T TA S K S 

E.1 AG E N DA O F M E E T I N G S 

Each meeting with the participants followed a semi-structured method using an outline 
for each round of meetings. The agendas for the meetings are included here to provide 
background to the content of each meeting. 

Group 2: Interview Notes - 1 
Group 2: Interview Notes - 2 
Group 2: Interview Notes - 3 
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CONFIDENTIAL Domestic Energy Study P

JW 2017-12-06

Interview Notes - 1

Theme: What do people think about their energy bills. What do they understand about
‘energy’

1. Introductions and paperwork

2. Just a few exploratory questions :

What do you hope to get out of this study, if anything?

What do you think about your energy bill?
(Why? e.g. compared to others; or...)

Do you have any energy monitoring currently?
(show me)

How is energy measured?
(kWh)

Have you switched energy supplier?
(Why?)

Do you know your gas / electricity tariff?
Do you know where to find this information?
- copy of bill? (for next time)

How do you control your heating?
(Can you show me?)

How do you get hot water?

3. Current Cost meter

Purpose and installation

4. Type of Gas meter?

Rotating dial / digit / smart?

5. Energy diary
e.g. consumption levels; activities; things you’ve noticed



E.1 AG E N DA O F M E E T I N G S 241 

CONFIDENTIAL Domestic Energy Study P

JW 2017-12-06

- not tell you what to write – I want to see what *you* write down
- try to write at least one thing every day

6. Permission to use internet access
(get log-in details or wired lan)
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CONFIDENTIAL Domestic Energy Study P

JW 2018-03-28

Interview Notes - 2

Theme: How do people determine their 'normal' energy usage; and how do they forecast
their future usage

1. Discussion

How much energy do you use?

How does your energy consumption this month compare to last month’s?
(explain difference)

How does the past 12 months compare to the 12 months before that?

How much energy will you use next month compared to this month?

What things might affect your energy use?

If you wanted to reduce energy expenditure how would you go about it?
(do they talk about energy or cost?)

Govt. encouraging us to turn down our thermostats by one degree – how do feel about
that?

Specific questions for individual paricipants

P52,53,55,60 - you said if you felt cold of an evening you would put a blanket or a jumper on
- why? (60=dressing gown)

P54 – you said converted 45 days to a month then added on 20% - why 20%?

P57 – you said “i’m aware we’re using things that we don’t need” – such as?

P60 – we talked last time about making changes to reduce consumption; what if the change
affected the environment

(one way or the other)

P60 – we talked about switching suppliers and you thought you might check out the online
switching sites. Did you do that? (Why not)

P59 –how do you think your electricity use compares to other people
(bills are low – due to PV?)

P59 – weather station in garden – what do you use that for?
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CONFIDENTIAL Domestic Energy Study P

JW 2018-03-28

(mentioned may use to adjust room temp?)

(back to general questions)

What information do you have on your energy consumption?
(if say “bill” then, what does the bill tell you?)

What information do you want to have on your energy consumption?

Do you get bills? How often? What do you do with them?

3. Current Cost meter

Did you use the energy monitor?

How was it to use?

What did you do with it?

Has it been useful?

4. Energy diary

Review comments you’ve made.

5. Energy Tariffs

Copy of gas/electricity bill.
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CONFIDENTIAL Domestic Energy Study P

JW 2019-04-15

Interview Notes - 3

Theme: Use of Current Cost monitor, and energy website

1. Current Cost monitor

Can I see it in situ? Why did you put it here?

2. Energy Dashboard

What did you do with it?  (show & tell)

(This is not a test - there are no right/wrong answers.)

Imagine I know nothing about this website, can you show me what things do?

Weekly Elec.
- what do these numbers mean?
- is the estimate what you'd expect? (why/not ?)

- what does number in corner mean?
- smiley face & stars mean? (interesting/not ?)

- what’s the budget figure/green column for?  (useful/not ?)

- go back a week – does it tell you anything?

- what happens if you click on a column (top part / bottom part)?

Daily Elec
– can you explain the values?

Monthly Elec.
- does it tell you anything?
- what if you click Compare?  (tell anything now?)

Monthly Gas
- anything interesting (e.g. xmas)

Yearly Gas
- what does the line mean? what do you think about that?
- why is there a cost in summer (when no heating on) ?
- is it surprising that average is so high above baseline?
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CONFIDENTIAL Domestic Energy Study P

JW 2019-04-15

(switch gas/elec per cooker)
- daily x for 25/12 – can you explain the values?

3. General

Has your understanding of your energy use changed since this project started? (In what
ways?)

Have you changed your energy use since this project started? (In what ways?)

What info. would you like to see on your energy use?  (& Why?)

If you attempted to change your consumption, how would you know if the change was
effective?

Take away energy diary.
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E.2 PA RT I C I PA N T TA S K S - G RO U P 1 

At the second meeting with Group 1 participants they were given a walk-through of 
the energy dashboard. 

They were then asked to undertake a Note Taking Task. This task varied depending 
on the availability of internet and computer. Most participants were asked to use the 
energy interface to make annotations (notes) in the system to refect on their energy 
use. They were given a demonstration of the ‘notes’ facility in the interface and then 
left with a task to complete in the interval until the next meeting. 

For participant F1 a slightly different task was given to attempt to explore her 
reasons for distrusting — as she reported in the frst meeting — the information 
display on the Current Cost monitor. 

Participant F5 did not have internet access so was asked to complete an exercise 
using her Utilita energy monitor to explore her distrust in that device (similar to F1). 

In the event, participant F1 declined to take part in the follow-up meeting, and 
participant F5 did not undertake the exercise because of unrelated personal reasons. 

F6 and H25 did not take part in this exercise as they withdrew after the frst meeting. 

Group 1: Household Energy Usage - Energy Display 
Group 1: Household Energy Use - Note Taking Task 
Group 1: Household Energy Use - Note Taking Task (F1) 
Group 1: Household Energy Use - Note Taking Task (F5) 
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JW 21 June 2017

Household Energy Usage - Energy Display

Review

Have you used the energy display since our last visit?

What have you used it for?
Which bits of it did you use? (Can you show me?)
Which bits of it did you find interesting?
Which bits of it did you find confusing?

Interactive Demo

We made some changes since last time, and added more information.

There are two things we want to show you: (i) notes,  (ii) projected use

1. Go to the energy ‘dashboard’ at myenergy.today and sign-in.

2. As before, the “weekly” shows your electricity or gas use for the current week. And you
can use the left and right arrows to change the week displayed.

3. The blue column shows the amount of electricity you used on each day. Move the mouse
pointer over (or tap) the blue column to display the details.

4. The green column shows a reducing budget which you can set in the box at the top.

5. Hover over the red column and it shows you the sum of the days this week so far.

6. Sometimes we’re missing a reading for a day – so rather than leave a gap we’ve tried to
estimate what you used on that day. This will show as a grey column below the green
bar.

7. One of the things we’ve added is projected use. We’ve attempted to guess how much
energy you’ll use for the rest of the week. This will show as a grey column (with no
green column above it). You could use this for instance to work out when you will have
to top-up your meter, or to see if you will go over the budget figure for the week.

This is also shown on the “Month” screen (click button at top) (mouse point to see
values).

8. The other new thing is something we call “notes”. This lets you write your thoughts on
the screen. For example, go to last week for electricity. Which day did you do laundry
that week? Click on the blue column for that day. Pop-up box for “My Notes” appears.
You can type anything you like in here, and when you click “save” it will be
remembered. For example, enter “did washing” and click “save”. Now when you point
the mouse at the blue column you can see your note. Click again to edit.
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JW 21 June 2017

9. You can also add notes to the “Daily” screen. Click on the date label (at the bottom of
the chart) to display the use for each hour that day. Use the mouse pointer and click on a
column to add a note for a reading. Try that now.

10. These notes are remembered and you can come back to them at any time by displaying
the columns and using the mouse pointer.

11. The last thing to explain is the “Options” panel. Click “back” to go back to “Weekly”
screen. The options are buttons you can click which will change the way the columns
appear. You can use these if you want to try showing the chart in a slightly different way.
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JW 13 June 2017

Household Energy Use - Note Taking Task

Purpose

For us: we’d like to understand how you think about your energy use

For you: it may help you to better manage your energy costs

How

We’ve added a way of allowing you to record notes on the energy display. If you move the
mouse pointer (or tap) on a column you will see any notes you have previously written. If you
click (or long tap) on the column a box will appear so you can write a new note, or edit an
existing one. When you click on the ‘save’ button your note will be remembered and shown
to you when you look at this column again. [demo]

You can add notes to both the ‘day’ columns and the ‘hour’ columns. [demo]

Why

Think of it like a diary. You can use it to record your thoughts about something you’ve seen
on the screen, or something that happened that day which meant you used more (or less)
energy than you expected.

Examples of things you could write:
 “cost is higher than expected”
 “turned heating on to dry clothes”
 “cooking roast dinner”
 “did extra load of washing today”
 “why is Friday so high” (or low)
 “not at home this weekend”
 “the estimated costs are wrong”
 “the numbers are too small and hard to read” [demo]

You can see it could be something general or something specific, or something about the way
we made the display. You don’t even have to know the answer! It’s just for recording your
thoughts, whatever they are.

(reminder:
the energy ‘dashboard’ is at    myenergy.today
your sign-in details are:  user password )
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Action

For the next 4 weeks we’d like you to make at least 2 notes every day - one on the “weekly”
screen and one on the “daily” screen.

Try not to use only the examples but use your own words – we want your thoughts.

You can use the following tick list as a reminder to yourself to make at least 2 notes every
day:

Week 1 Weekly
Screen

Daily
Screen

Week 2 Weekly
Screen

Daily
Screen

Monday   Monday  
Tuesday   Tuesday  
Wednesday   Wednesday  
Thursday   Thursday  
Friday   Friday  
Saturday   Saturday  
Sunday   Sunday  

Week 3 Weekly
Screen

Daily
Screen

Week 4 Weekly
Screen

Daily
Screen

Monday   Monday  
Tuesday   Tuesday  
Wednesday   Wednesday  
Thursday   Thursday  
Friday   Friday  
Saturday   Saturday  
Sunday   Sunday  

Follow-up

After 4 weeks we’ll make another appointment with you and ask you to talk about some of
the notes you have made.

We’ll ask you if the screens have helped you to get an idea of how you use energy. We’ll also
ask if there are any things we should change or add which would help you.
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Visit June / July 2017

Household Energy Use - Energy Meter

Purpose

We’d like to understand if the “Current Cost” energy meter is useful to you.

How

We’d like you to use the energy meter and give us your thoughts about it.

If you use it we’d like you to take a photo of the display with your mobile phone which you
can send to us, and write down your thoughts on the sheet below.

You could write what you were hoping to find out and whether you found the information
you wanted. How accurate is the information displayed – if you think it is wrong can you say
why?
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Visit June / July 2017

Household Energy Use - Energy Meter

Date Time Last 1
Days

Note
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Visit June / July 2017

Household Energy Use - Note Taking Task

Purpose

For us: we’d like to understand how you think about your energy use

For you: it may help you to better manage your energy costs

How

We’d like you to compare your actual gas and electricity usage against the Utilita plug-in
meter. We’d like you to write down the actual readings from your gas and electricity meters,
and also write down what the Utilita display says.

We’d also like your thoughts on what the display means and whether you think it’s correct.
For example, it might say you have 3 days credit left but you think you have 5 – we’d like to
know why you think the display is wrong.

Why

Think of it like a diary. You can use it to record your thoughts about something you’ve seen
on the display, or something that happened that day which meant you used more (or less)
energy than you expected.

Examples of things you could write:
 “cost is higher than expected”
 “turned heating on to dry clothes”
 “cooked roast dinner”
 “did extra load of washing today”
 “the days left is wrong”

But these are just examples, so please use your own words – we want your thoughts.

Action

 For the next 4 weeks we’d like you to write down each day your meter readings and
the readings from the Utilita display. It also important we have your thoughts on what
you think the display means.

 If you miss a day then just leave it blank.
 Please also note when you top-up and how much.
 This is not a test of you in any way. There are no right or wrong answers.

Follow-up

After 4 weeks we’ll make another appointment with you and ask you to talk about some of
the notes you have made.
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Visit June / July 2017

Household Energy Use - Note Taking Task

Date Time Gas meter
reading

Electric
meter
reading

Utilita Gas
Balance

Utilita Gas
Days Left

Utilita Electric
Balance

Utilita Electric
Days Left Note

28/6/17 3:00 422345 109351 £5.50 5 £ 2.20 2 Topped up gas £5
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E.3 PA RT I C I PA N T TA S K S - G RO U P 2 

At the frst meeting with Group 2 participants they were asked to complete an Energy 
Diary. 

The intention was to provide a means by which they might record items/thought-
s/events/questions of interest to themselves which could be explored with them in 
subsequent meetings. It facilitated the participants’ remembering of things they had 
thought of outside of the face-to-face meetings with the researcher. 

Group 2: Energy Diary (template) 
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Confidential Energy Diary P

Day of week Date Time Comment
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