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Summary 

 

Feedback and goal-setting interventions were used in two separate studies to reduce 

residential electricity use in households in Northern Ireland. In Study 1 feedback was 

provided via a pre-payment keypad electricity meter, and the goal commitment was to 

reduce electricity use by 20%. Electricity use during a one-month intervention was 

compared to that during the same period in the previous year. The ten households who 

received feedback reduced their use by a mean 17.13% (p< .01, r = 0.69), and the nine 

households who signed a goal-setting commitment reduced their use by a mean 7.12% (p 

< .05, r = .067). Study 2 used wireless energy monitors to provide feedback, in 

combination with a 20% goal-setting commitment for all participants, but also used 

alternating orders of presentation of intervention and baseline to explore the longer-term 

effect of feedback on conservation performance. Group 1 received five months of 

feedback followed by five months of baseline, Group 2 underwent five months of 

baseline followed by five months of intervention, and Group 3 experienced alternating 

two-month periods of intervention and baseline over ten months, using a reversal design. 

Group 1 saved a mean 9.54% of electricity during the intervention, but Group 2 increased 

their use by a mean 14.24%. Group 2‟s increase in electricity use is explained in terms of 

a potential „compensation effect‟, whereby lower level users increase use when given 

feedback. Group 3 showed a pattern of cumulative reductions over successive 

interventions, with a mean reduction in electricity use of 33% from the first to the third 

intervention period. Participants in Group 3 did not show a return to baseline levels of 

electricity use when the intervention was removed; this was interpreted as supportive of 

conceptions of feedback as a learning tool, with potential to provide long lasting 

conservation effects. 
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1.1.1: Why do we need to reduce energy consumption? 

 

When we think of energy conservation in the 21
st
 Century, we inevitably think of the 

shortage of fossil fuels, of CO2 and the other harmful by-products of energy 

production, and, of course, climate change. This research was planned, carried out, 

and written about during a time when the issues and scientific evidence surrounding 

the causes and cures of climate change were discussed daily in the popular media. Is 

climate change the result of human behaviour? How much does residential energy use 

contribute to climate change, and how can we make such estimations? Don‟t all those 

power stations in China cancel out any efforts we make here? Can we stop climate 

change, or just slow it? These are questions I cannot answer with this thesis. 

Sufficient meteorological evidence that our use of energy influences climate change 

has been made widely available to anyone who wishes to evaluate it, so it is assumed 

in the following pages that using less fossil fuels is an important environmental goal 

for everyone. But for those that remain unconvinced about the importance of climate 

change or humanity‟s role in it, I lack the expertise to critique the meteorological, 

geological, and other very specialized evidence. Instead, I will put forward two other 

excellent reasons why psychologists must turn their attention to energy use behaviour- 

1) the growing problem of fuel poverty, and 2) our position of responsibility in 

creating the choice architecture surrounding fuel use.    

 

 

1.1.2: Fuel Poverty 

 

Fuel poverty is defined as having to spend 10% or more of household income on fuel, 

including both heating fuel and electricity for lighting and appliance use (Department 

of Energy and Climate Change, 2009). This inability to afford adequate levels of 

heating in the home has many serious implications for the lives of those affected. 

Britain has one of the highest rates of excess winter deaths in Europe. These are the 

„extra‟ number of deaths which occur during the winter time, in Britain usually 

30,000 over the summertime death rate, 80% of which are attributed to the ill effects 

of decreasing temperatures (Alderson, 1985), and the rates in Ireland are described as 

“comparable” (Centre for Sustainable Energy, 2001, p. 9) . A review of the medical 

evidence linking fuel poverty with ill health for the Centre for Sustainable Energy 
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(CSE) concludes that increased death from cardiovascular and respiratory illnesses are 

associated with cold environments, and that a proportion of these deaths can be linked 

to indoor coldness (CSE, 2001).  

 

The baseline normally used for fuel poverty levels in Northern Ireland is the 2001 

Northern Ireland House Condition Survey (NIHCS) (Northern Ireland Housing 

Executive (NIHE), 2001), as this is when the first reliable statistics on fuel poverty 

were recorded. In 2001 27% of households in Northern Ireland were in fuel poverty 

(i.e. 203,000 homes), dropping to 23% by the time of the next interim house condition 

survey in 2004 (NIHE, 2004). The drop was attributed by the Housing Executive to 

concentrated efforts to improve energy efficiency in the housing stock through 

schemes like government grants for insulation, targeted at the fuel poor. However, by 

the next full NIHCS in 2006 fuel poverty had risen to a staggering 34%, thus more 

than a third of Northern Irish households were in fuel poverty. The Housing executive 

attributed this to price increases during this period (NIHE, 2006). The rate of fuel 

poverty is affected by 3 main factors: the energy efficiency of the dwelling, the price 

of fuel, and the income of the household (Northern Ireland Assembly Research and 

Library Service, 2009). In 2005, the rate of fuel poverty in England was only 7.2% 

(Department for Environment, Food & Rural affairs (DEFRA) and Department for 

Business, Enterprise & Regulatory Reform (BERR), 2008). Fuel poverty is a 

particularly pervasive problem in Northern Ireland because our average incomes are 

lower than other parts of the UK (Northern Ireland Assembly Research and Library 

Service, 2009; NIHE, 2006). Northern Ireland is also particularly dependent on oil as 

a heating fuel, and this has been subject to severe price fluctuations in recent years. 

The price of crude oil hit a record high of over $145 per barrel in 2008, at a time when 

household finances were already being squeezed by an economic recession.  

 

In summary, fuel poverty is a particularly pervasive problem in Northern Ireland. It 

poses a serious threat to public health as well as serving to highlight and exacerbate 

social inequalities. These factors should make it a public concern of the highest 

urgency. 
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1.1.3: Choice Architecture 

 

With the publication of their hugely popular book „Nudge‟, Thaler (Professor of 

Behavioural Science and Economics at Booth School of Business) and Sunstein (a 

Professor of Law at Harvard) brought ideas that had long been important in 

behavioural psychology into the spotlight (Thaler & Sunstein, 2008). In a nutshell, the 

book is about how our environment influences our choices. As the authors put it 

themselves “Decision makers do not make choices in a vacuum” (Thaler & Sunstein, 

2008, p1). They list several main ways in which everyday choices such as what food 

we eat, and how much energy we use, can be influenced. Feedback is amongst the 

discussed tactics for influencing choices. These are all ideas that have been expressed 

many times in the past by psychologists, for example by B.F. Skinner, and could 

hardly be considered new or revolutionary. The great contribution made by Thaler 

and Sunstein was to bring these ideas to the attention of the general public, and also to 

put forward a very convincing argument about why we sometimes have a social and 

moral obligation to influence choices. The choices we all make everyday are affected 

by our surroundings whether we are aware of such effects or not, so if we do not make 

a concentrated effort to influence choices in the desired direction, we may be 

encouraging people to make a bad choice by doing nothing. The counter argument 

may be made that we have no right to step in and decide for people what their choice 

„should‟ be, however many examples show that people often have trouble acting in 

accordance with their own wishes (see Section 1.2.3 on the attitude behaviour 

discrepancy in the Literature Review section). For example, most parents would 

decide that they want their children to be healthy, but given a free choice many 

children might eat ice cream for every meal. In this context, to gently nudge children 

towards healthy food choices by placing healthy meals at eye level seems 

encouraging, not dominating. This approach is termed Libertarian Paternalism, and 

those who find themselves in a position where they can influence people‟s choices are 

called choice architects (Thaler & Sunstein, 2008).  

 

Energy companies and policy makers now find themselves in the position of fuel-

choice architects. Since we shape the choices people make surrounding fuel use, we 

have an obligation to do so in a responsible way. In order to be responsible fuel-

choice architects we must do research into how people make their fuel use choices, 
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and make ourselves aware of any harmful or unproductive consequences of our fuel 

choice architecture. 

 

 

1.1.4: The Need for Collaboration 

 

It is widely recognised in the field of eco-psychology that collaboration with policy 

makers, charities, and other experienced organisations is necessary to successfully 

address environmental problems related to human behaviour. In a recent review of 

articles addressing psychology‟s role in sustainability issues, Pelletier, Lavergne and 

Sharp (2008) concluded that “a common thread…is the recognition of the urgent need 

for interdisciplinary research into environmental issues to better inform policy makers 

and the public” (p 304). They particularly highlight the inexperience of most 

psychologists in assessing the cost-effectiveness of their interventions, an area of 

expertise for many charities and non-government organisations. Since many 

organisations in Northern Ireland are currently involved in initiatives to promote 

energy efficiency and reduce fuel poverty, it is most resource-efficient to collaborate 

with such organisations in planning interventions and accessing relevant samples. 

 

 

1.1.5: Who is Responsible for Reducing Fuel Poverty? 

 

Any researcher trying to find out who is responsible for tackling fuel poverty and 

improving energy efficiency in the home within the UK will be met by a confusing 

jungle of acronyms, shared responsibilities and overlaps. To add to this confusion, as 

always, Northern Ireland has a unique place in the UK whereby it is partly involved in 

UK bureaucracy and energy policies, and partly autonomous within its own separate 

system of government departments, even with its own separate environmental targets. 

 

The UK Government have a legal obligation to eradicate fuel poverty in „vulnerable‟ 

households (where there are elderly people or children present) in England by 2016, 

and to eradicate it completely in all households by 2018. In 2004, in Northern Ireland, 

the Department of Social Development (DSD) proposed a „firm commitment‟ to 

eradicate fuel poverty in vulnerable households by 2010 and other households by 
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2016 (DSD, 2004). The UK Government have now acknowledged that this target will 

not be met, and in fact fuel poverty rates are higher than they were in 2001 (NEA, 

2010). Within the UK hundreds of local authorities are now responsible for dealing 

with fuel poverty in their own areas, however the Home Energy Conservation Act 

(HECA) (1995) designated the Northern Ireland Housing Executive (NIHE) as 

“Northern Ireland‟s sole Home Energy Conservation Authority” (NIHE, 2005, p4). 

The designation as sole HECA authority is somewhat misleading here, as there are 

many other organisations in Northern Ireland involved in combating fuel poverty. The 

Act required the NIHE to submit annual reports detailing their progress towards 

improving energy efficiency in Northern Irish homes. The Department of Social 

Development (DSD) oversees the NIHE as well as the Warm Homes Scheme, 

offering grants for energy efficiency measures, and the Social Security Agency who 

make winter fuel payments. Still, within the policy structure of Northern Ireland the 

Department of Health, Social Services and Public Safety (DHSSPS) and the 

Department of Enterprise, Trade and Investment (DETI), the Office of the First 

Minister and Deputy First Minister (OFMDFM) and the Department of Finance and 

Personnel (DFP) have involvement with fuel poverty and energy efficiency issues, as 

well as involvement from utilities providers, most notably NIE Energy. 

 

 

1.1.6: NIE Energy 

 

The Northern Ireland Electricity service was privatised in 1992, when Northern 

Ireland Electricity plc (NIE), which retained ownership of existing distribution and 

supply networks, began purchasing electricity from private owners of Northern Irish 

power stations and acting as sole distributor to customers here. NIE Energy Power 

Procurement Business (PPB) was then established to control transmission from the 

power stations to the supply grid and to buy electricity from the generators through 

regulated price contracts called Power Purchase Agreements (PPA) to sell on to 

suppliers, including its own supply division, NIE Energy.  

 

In 1999 EU legislation led to a staged opening of the energy supply market 

(Directives 96/92/EC and 2003/54/EC). From July 2005, all non-domestic customers 

could choose between energy suppliers, and all domestic customers were entitled to a 
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choice of electricity supplier by the end of 2007. These other suppliers are not obliged 

to purchase electricity through the PPB at a set price as NIE Energy is, but can agree 

their own price, however the dominant supplier at present remains NIE Energy.  

 

To summarise: NIE controls the transmission of electricity from power stations; NIE 

Energy PPB makes price agreements with generators and sells electricity on to its 

own and other supply businesses; NIE Energy supplies electricity to customers; NIE 

Supply is the name given to the section of NIE Energy that deals with “the 

administration and marketing of electricity in Northern Ireland including energy 

efficiency measures, meter reading, billing, and consumer advice” 

(http://www.nie.co.uk/media/newsstory.asp?idcode=178, retrieved 14
th

 July 2010). 

 

 

1.1.7: What incentive does an electricity company have to promote energy 

efficiency? 

 

The Energy Services Directive of the European Parliament set a target of a 9% 

improvement in energy efficiency by 2016, and requires that energy distributors work 

with end-users to reach these targets (Directive 2006/32/EC). Also, NIE are obligated 

under the terms of their licence for the transmission and distribution of electricity to 

provide an annual £1m vulnerable customer fund as well as spending £1m on projects 

to help identify vulnerable households and help them take advantage of energy 

efficiency grants. These obligations represent at least some motivation for an 

electricity supplier to promote energy efficiency, but perhaps the most compelling 

incentive for NIE to persuade customers to use less of their product is the Energy 

Efficiency Levy Programme (EEL, sometimes referred to as EELP)
1
. 

 

                                                      
1 The Energy Efficiency Levy (EEL) in Northern Ireland will be replaced by the 

Northern Ireland Sustainable Energy Programme in 2010, however for the duration of 

this project, the Energy Efficiency Levy was the main means through which utility 

providers in Northern Ireland exercised their obligations to improve energy 

efficiency. 

 

http://www.nie.co.uk/media/newsstory.asp?idcode=178
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The Energy Efficiency Levy was introduced in 1997 by the Office for the Regulation 

of Electricity and Gas (OFREG) now know as the Northern Ireland Authority for 

Energy Regulation (NIAER), the utilities overseer in Northern Ireland
2
. This levy is a 

charge on all domestic customers which contributes to a fund that energy suppliers 

can then apply to fund energy efficiency projects, and is managed by NIE plc. The 

Levy started off as £1 per customer per year and was originally intended as a fund to 

promote energy efficiency in the domestic sector as a whole, but it was later decided 

that 80% of the fund should be directed at schemes targeting fuel poverty reduction. 

At the time of the last review the levy was set at approximately £7 per head, meaning 

an added cost of £2.70 annually per household on domestic bills, with the rest of 

coming from non-domestic customers.  The levy does not represent a legal obligation 

for energy suppliers; however financial incentives are awarded for over-achieving 

efficiency targets (NIAER, 2006). Thirty-five million pounds of Levy funding have 

been spent from 1997 to 2008, generating an estimated £250m in savings for 

customers and roughly 4000 Gwh (gigawatt-hours) of electricity. During this period 

£7m in incentives were paid out, mostly to NIE who apply for the vast majority of 

levy funding in Northern Ireland- In other words, promoting energy efficiency is big 

business for electricity suppliers in Northern Ireland. 

 

As well as having an incentive to help customers save electricity, NIE Energy is in a 

unique position of influence over domestic electricity consumers in Northern Ireland. 

In many areas they operate without competition, and here in Northern Ireland they 

enjoy the psychological advantage of being our „default‟ electricity supplier. Their 

motivation to promote energy efficiency, their experience in the field of fuel poverty 

and their position of influence over consumers in Northern Ireland should make NIE 

Energy a useful collaborator in conservation research here. Their motivation to 

collaborate with psychology researchers may come from potential financial benefits 

through making conservation strategies more effective. 

 

 

                                                      
2
 Northern Ireland equivalent to the Office of the Gas and Electricity Markets 

(OFGEM) in Britain. 
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1.1.8: The Energy Saving Trust 

 

The Energy Saving Trust (EST) is a registered charity, set up by the government in 

1993 to help meet carbon reduction targets suggested at the 1992 Earth Summit. They 

are an independent body, and use both government and private funds to “help reduce 

carbon dioxide emissions by helping people to use energy more efficiently” 

(www.energysavingtrust.org.uk retrieved 14
th

 March 2011). One of their chief 

activities is the operation of energy advice centres. These local call centres offer free 

and impartial energy efficiency advice throughout the UK. The Energy Saving Trust 

also evaluates all levy-funded schemes on behalf of NIAER to ensure the fund is 

being spent appropriately on real measures which would result in financial benefit for 

customers as well as overall environmental benefits.  

 

Pelletier et al. (2008) summed up the most common approach to developing pro-

environmental behaviour strategies by saying that “essentially the models are 

communication strategies with the purpose of increasing awareness, changing 

attitudes, and shifting social norms toward the environment” (p 306). However the 

EST is already moving away from this simple „communication strategies‟ approach 

towards recognition that attitude change is not the full solution. In their publication 

„Emission Impossible‟, EST cited the main strategies for achieving their carbon 

reduction goals as “a combination of existing technology, bold policy decisions and 

the right personal choices” (EST, 2008 p2). Within the area of personal choice they go 

on to say that while 70% of people express the desire to have a greener lifestyle, only 

40% of people take any action. EST lists the use of smart meters as important in 

changing behaviour through helping people „see‟ the energy they use and become 

more aware of what it is costing them. The energy efficiency advice given by the EST 

is now tailored as much as possible, giving home owners helpful and specific advice, 

and avoiding bombarding them with too much irrelevant information. This is in 

accordance with research-based psychological principles governing effective 

information strategies (Lehman & Geller, 2004; Abrahamse, Steg, Vlek & 

Rothengatter, 2005).     

 

Their shared goal, of encouraging change in personal pro-environmental behaviours, 

makes the EST another obvious choice for collaborative research. EST will be 

http://www.energysavingtrust.org.uk/
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motivated to collaborate with psychologists because they recognise that behaviour 

change is so difficult to initiate and that strategies to change behaviour must be 

evaluated and improved if they are to reach their goal of a truly low-carbon lifestyle 

for everyone. 

 

 

1.1.9: Field Setting 

 

In a summary of recent „special issues‟ in journals, focusing on environmental 

problems, Pelletier, Lavergne and Sharp (2008) stressed the need for “assessment of 

real behaviours, not only intentions to act, and multiple assessments of behaviours 

over time will be especially important to determine the effectiveness of strategies  

designed to enhance PEBs [Pro-Environmental Behaviours]” (p 307). They concluded 

that a major problem for environmental psychology is in putting what they call a 

„wealth‟ of behavioural research in to practice by designing and applying 

interventions. They also called on psychologists to evaluate their interventions as well 

as trying to apply them to the real world. But „real world‟, or „field‟, research is often 

fraught with methodological difficulties of an epistemological as well as practical 

nature. 

 

 

1.1.10: A Pragmatic Approach 

 

The lack of internal validity and rigorous control of confounding variables in field 

research seriously limits our ability to make inferences about cause and effect (Cook 

& Campbell, 1979). However, the very idea of causality itself has even been 

criticised, and a brief foray into the philosophy of science may leave the researcher 

with the distinct impression that we do not know anything, and we cannot even be 

sure of that. Instead of losing ourselves endlessly debating how best to approach 

scientific study, many researchers now take a pragmatic approach, blending 

perspectives or cherry-picking what is useful from each. Newton‟s laws of physics 

may have been superseded by general relativity, and neither can explain quantum 

phenomena, but that did not stop their application from allowing humans to fly. So it 

is with behavioural psychology- it may not explain our inner experience, and can be 
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criticised as a philosophical outlook, but that does not stop its propositions becoming 

useful tools in changing behaviour now.  

 

 

1.1.11: Research Triage 

 

Given the current urgency in helping people reduce their energy use, researchers may 

be wise to perform a kind of triage on research considerations before deciding where 

to concentrate their efforts. While thorough investigation of all factors influencing 

pro-environmental behaviour and relating to the inner experience of the actors will be 

necessary someday to develop a true understanding of these phenomena, it is 

justifiable to concentrate in the short term on using the tools currently at our disposal 

to change behaviour now. Research into the complexities of the attitude-behaviour 

relationship and which variables best predict pro-environmental behaviour has been 

ongoing and will most likely continue to grow in popularity, so while other 

researchers conduct more controlled studies using laboratory and survey methods, I 

have chosen to prioritise situational validity at the expense of experimental rigour and 

the ability to make causal inferences. 

  



 13 

Chapter 1 
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1.2.1 Eco-Psychology 

 

 In a paper discussing the most immediate and pressing threats to our environment 

Oskamp comments, “It is essential to realise that they are not solely technical 

problems, requiring simply engineering, physics and chemistry for their solution. 

There is a crucial role for the social sciences in these problems, because they are all 

caused by human behaviour” (Oskamp, 2000, p 501). Many social scientists have 

been taking this role seriously, and the field of eco-psychology has developed rapidly 

to the point where it now has its own journals (e.g. Conservation Psychology, 

Ecopsychology) as well as considerable presence in journals of general environmental 

psychology. However, in their 2004 review paper on behaviour analytical approaches 

to environmental issues, Lehman and Geller mourned the relative contribution of 

behavioural psychologists to this emerging field. They cited an “almost linear” 

decline in the number of papers on behavioural interventions during the 1980s, with 

only 54 published during this decade, after an initial flurry of interest during the oil 

crisis of the 1970s (Lehman & Geller, 2004). Their literature search revealed only 32 

behavioural papers published between 1990 and 2004, but they noted that articles 

focusing on environmental attitudes, or survey-type research outnumbered 

behavioural ones 7:1 in the journal Environment and Behavior. From 2004 to the 

present, the ratio of papers concerning environmentally significant behaviours 

continues to favour studies involving attitude measurement or demographic 

characteristics to those involving behavioural interventions at almost 7:1. However, 

several papers make reference to „situational determinants‟ of environmental 

behaviour, and using attitudinal and/or demographic information in order to 

specifically tailor behavioural interventions. The field of eco-psychology has 

considerable potential, and it is expanding fast to meet that potential. It may see its 

greatest fulfilment in the future through new approaches using behavioural techniques 

to build on extensive work already carried out to investigate and change attitudes to 

pro-environmental behaviours.  
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1.2.2 Pro-environmental Attitudes in Northern Ireland 

 

A survey of attitudes to energy efficiency in Northern Ireland was carried out by RPS 

Consulting Engineers in 2006, commissioned by the NIHE and part funded by the 

EST (Nesbitt, Walsh & Patterson, 2007). The main aims of the survey were to provide 

baseline data on attitudes to energy use in the home, and to learn about the 

motivational factors that might be involved in house holders becoming more energy 

efficient. The importance of psychological factors in bringing about environmental 

change was given cognizance in this report in two ways. Firstly, it was recognized 

that a change in the householder‟s behaviour, especially in relation to use of 

appliances, will be a necessary accompaniment to improved insulation if efficiency 

targets are to be reached. Secondly, it was assumed that attitudes to and awareness of 

climate change and energy efficiency are intrinsically important to bringing about 

change. 

 

The specific research objectives of the report were to measure: 1) Northern Irish 

householders‟ awareness of home energy efficiency measures available; 2) their 

awareness of the level of energy use at home; 3) their awareness of and attitude to 

environmental change; 4) their level of use and attitudes to energy-using appliances in 

the home; and 5) their attitudes to modifying behaviour in the household to save 

energy.  A questionnaire was initially posted to 1,000 randomly selected households 

in five of the 35 administration districts of the Housing Executive: Belfast, 

Ballymoney, Down, Armagh and Cookstown. The response rate to the questionnaire 

was 20.5%. Face-to-face interviews were then conducted with a further 33.8% of 

householders who had not responded to the postal questionnaire. The questionnaire 

contained a mix of mostly closed, multiple-choice type questions, and occasional 

open questions, divided into the following five sections: Home descriptions (physical 

characteristics of the homes involved); Environmental Awareness (awareness of 

climate change and causes of carbon emissions); Household Energy Audit 

(perceptions of which areas of the home use most energy, and ownership and usage 

patterns of specific appliances at home); Home Energy (type of heating systems used 

at home, and awareness and/or use of efficiency measures available) ; and Energy 

Usage Awareness (awareness of energy cost of standby, perceptions of which 

wasteful behaviours use most energy, and perceptions of which measures would most 
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effectively inspire more energy efficient behaviour at home). In the Environmental 

Awareness section participants were questioned on their awareness of the term 

„climate change‟, and their opinions on its causes, specifically the relative 

contributions of various household activities. 

 

Only 17% of those surveyed were unaware of the term „climate change‟. Of the 83% 

who had heard, 71% described themselves as worried about it. Only 7% of 

respondents thought that climate change was due to natural occurrences only, and not 

influenced by human activities. When questioned about the influence of specific 

human activities on climate change, participants were particularly certain about the 

detrimental effects of industry on the environment- 91% of respondents believed 

industry carbon emissions contributed to climate change, and 89% agreed that 

emissions from transport also contributed to climate change. The smaller figure of 

75% agreed that household carbon emissions also contributed to climate change, 

however, of the remaining 25%, 20% neither agreed nor disagreed that household 

emissions contribute to climate change, suggesting a significant level of uncertainty 

amongst householders about the importance of improving household energy 

efficiency.  But, more encouragingly, 80% of respondents answered „yes‟ when asked 

“Do you think individual households can influence the rate of climate change?” 

 

 

When asked to rank four activities in the home according to which use the most 

energy, home heating came first with 35% of participants believing it to use the 

majority of the home‟s energy. But use of electrical appliances in the home came a 

close second, with 34% of respondents believing that it used up more energy in the 

home than home heating, lighting, or water heating. 

 

Sixty-eight percent of respondents estimated that they spent £0-£500 pounds on 

electricity each year, and 24% estimated their yearly bill as being between £501 and 

£1000. Five percent did not know their yearly expenditure on electricity.  

 

Twenty-two percent of respondents said that they were not aware that leaving 

appliances on standby uses electricity. The waste of electricity through leaving 

appliances on standby has received a lot of media attention and is mentioned in many 
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environmental awareness campaigns, so it can reasonably be expected that awareness 

is increasing. However, though 78% of respondents were aware that standby wasted 

electricity, many continued to use it, even on appliances that do not have to be left 

plugged in to function, e.g: microwave (50% used standby), television (46%), DVD 

player (37%), stereo (27%), and computer (22%). It is noted that “potentially 20 

household appliances could be left on standby or charging at any one time in the 

average household in Northern Ireland” (Housing Executive, 2006, p. 23). 

 

When asked about which methods might be effective in helping people to change 

their energy use behaviours, a very large proportion of people in Northern Ireland 

considered television to be an effective means of helping people find out more about 

energy efficiency (72% „very effective‟, and 24% „effective‟). Sixty-eight percent of 

respondents reported having seen an energy efficiency advertisement on television, 

and 51% reported having seen an energy efficiency advertisement in a newspaper or 

magazine, 32% on a billboard, and 25% in a bus shelter. Of those that had seen such 

an advertisement, only 27% reported having taken action and changed their energy 

use. Seventy-three percent reported having taken no action after seeing such as 

advertisement. The questions dealing with these items on the survey asked “did the 

advertisements prompt you to take any action” (a closed question, with yes or no 

circled as an answer) and “If yes, please write in the box the action that you took”. 

This format does not allow for explanations of why action was not taken, which could 

have led to important information not being collected. For example if you had energy 

efficient bulbs already installed at home then an advertisement persuading you to 

switch to energy efficient bulbs would prompt no action, but this would not 

necessarily reflect a failure of advertising. Another drawback intrinsic in the use of 

surveys is that respondents are simply reporting on their awareness of advertisements 

prompting a change in their behaviour, so any subtle changes in attitudes which may 

have been caused or influenced by seeing environmentally-friendly messages on 

advertisements is not reported on here. An example of how participants can fail to 

recognize, remember or report on their own environmentally-relevant behaviours is a 

3-year study of the effect of frequent bills on electricity use by Wilhite and Ling 

(1995). They found that those participants who had significantly reduced their 

electricity consumption in comparison with a control group could not remember or 

identify the particular behavioural changes they had made in order to do so.   
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Emphasizing once again the importance of behavioural change as an essential 

counterpart to technical energy conservation solutions, the report notes that though the 

energy efficiency of our homes and the electrical appliances within them has 

improved by an average of 2% every year since the 1970s, our energy use has still 

risen during this time as we are choosing to use more and more appliances. Sixty-

eight percent of householders surveyed considered themselves to be „efficient‟ or 

„very efficient‟ in terms of energy use, while 18% consider themselves to be 

inefficient and 14% said they were neither efficient nor inefficient, representing a 

large potential for change. However, 70% of householders said that they felt they 

could reduce their home energy consumption, indicating some overlap with those who 

already feel they are efficient. The findings of this survey taken overall indicate a 

relatively high awareness of energy efficiency issues in Northern Ireland, a belief that 

individual householders‟ can make a difference, and much scope for appliance-use 

behaviour to change.    

 

1.2.3 The Attitude-Behaviour Discrepancy 

 

An in-depth discussion of such a broad topic as environmental attitude research is 

beyond the scope of this review. Below is a brief review some findings of particular 

relevance to those seeking to encourage pro-environmental behaviour, that is to say a 

look at how attitudes and behaviour overlap. Self-reported pro-environmental 

attitudes have been steadily increasing over the past few decades (Gardner & Stern, 

2002). If pro-environmental behaviour were simply a direct product of a favourable 

attitude our task might be a relatively simple one. The presumption underlying 

attitude research is generally that attitudes will strongly influence behaviour. 

However, the link between pro-environmental attitudes and actual conservation 

behaviour is generally found to be weak, or moderate at best (Bamberg, 2003; Kaiser, 

Wolfing & Fuhrer, 1999). Bamberg (2003) reviewed several attitude-behaviour meta-

analyses and concludes that general environmental attitude explains only 

approximately ten percent of the variance in behaviour. Hobson (2006) described 

ideas of human behaviour as the product of reasoning alone as “impoverished and 

simplistic representations of the subject and of society” (p 292).   
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It has been hypothesized that correlations between attitudes and behaviour should 

improve when the „breadth‟ of the predictor corresponds to the „breadth‟ of the 

measured outcome. For example, attitudes to specific behaviours correspond to 

single-criterion measurements of those behaviours, and broad attitudes can predict 

behaviour when a multiple-criterion measure of that behaviour is used (Olander & 

Thogersen, 1995).  Energy conservation can be conceived of as a multiple-criterion 

behaviour, because numerous behaviours, although they may seem topographically 

very different, can perform the same function of reducing electricity use. Brandon and 

Lewis (1999) measured environmental attitudes as potential moderators of the effect 

of feedback on energy consumption (measured using a 40-item questionnaire asking 

about general attitudes, and energy consumption and potentially conserving actions in 

particular). A multiple regression analysis was used to determine the influence of 

attitudes and demographic factors on levels of energy consumption (natural gas). 

They found that prior to the intervention, environmental attitude was not related to 

energy consumption, but consumption during the intervention period was significantly 

predicted by environmental beliefs, previous high/low energy use and 

feedback/control condition. Feedback resulted in significantly different effects 

according to use-group. Mean reductions were 3.69% for high users, 2.48% for 

medium users, and a 10.73% increase for low users. So it seems that both self-

reported attitudes and traditional behavioural concepts like feedback can inform our 

understanding of the factors influencing pro-environmental behaviour. 

 

Guagnano, Stern and Dietz (1995) described a model of pro-environmental behaviour 

where A (attitude to the environment ranging from extremely negative to extremely 

positive) + C (external conditions) combine to predict B (behaviour towards the 

environment). Their model predicts that A+C  0 for B to occur. For example, when 

very positive attitudes are added to negative external conditions, the pro-

environmental behaviour can still occur. Or, where external conditions are positive, if 

attitude is negative enough the behaviour will not occur. This model also makes an 

interesting prediction that relates to Schwartz‟s norm activation theory of altruistic 

behaviour (Schwartz, 1968a, 1968b, 1970, 1977, cited in Guagnano, Stern & Dietz 

1995). The Schwartz model states that acting altruistically involves knowing that not 

performing the desired behaviour can result in negative consequences for other (this 
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belief is termed AC), but also, ascribing responsibility to oneself to take action 

(termed AR). Guagnano et al.‟s prediction was that where C had a strong negative 

value (i.e. high external barriers present), AC+AR would predict pro-environmental 

behaviour, but that where C was positive (i.e. little or no barriers to action), AC+AR 

would not predict these behaviours. This prediction was tested on curbside recycling 

behaviour. The external barriers to recycling in this instance were the presence or 

absence of a curbside recycling bin. Their prediction was borne out, and scores for 

self-reported AC and AR predicted recycling behaviour only where no bin was 

provided. These scores did not predict recycling where bins were provided, and rate 

of recycling was also .82 standard deviations higher in this group (a significant effect, 

p<.001). 

 

While it may seem that attitude research and the behavioural perspective make strange 

bedfellows, we must remember that even attitude self-report behaviour is behaviour. 

While a social researcher may focus on the latent variables assumed to be operating 

inside the so-called „black box‟ of the mind when they talk about attitudes, a 

behavioural researcher does not have to perceive attitude-behaviour in this way. At 

the least, measurement of self-reported attitude to energy conservation may be very 

useful in targeting interventions at individuals most likely to respond positively to 

them. 

 

 

1.2.4 Energy/ Environmental Intervention Reviews 

 

Lehman and Geller (2004) conducted a review of behavioural intervention research 

into behaviours that have an impact on the environment: recycling, littering, transport 

behaviour, consumer behaviour and energy use. No specific inclusion criteria were 

stated, and the review was not meta-analytic, but rather took a „lessons learned‟ 

approach. Studies were first considered separately on the basis of whether they 

targeted the antecedents or the consequences of the behaviour. Interventions targeting 

behavioural antecedents included strategies using information, prompts, modelling, 

and commitments (sometimes also referred to as goal-setting). Those involving 

consequences centred on incentives/rewards and feedback. Lehman and Geller 

concluded that each of these strategies has been and can be effective under the right 
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circumstances. The effectiveness of the commitments/goal-setting and feedback 

interventions in previous studies and the circumstances under which they are most 

effective are further discussed below (see Sections 1.2.6 and 1.28 on Feedback and 

Commitments/ Goal-setting), however some more general conclusions about 

environmental research were made. As previously mentioned at the outset of this 

chapter, Lehman and Geller bemoaned a comparative lack of behavioural 

intervention-type research, and one of the main conclusions of their review was 

simply that much more intervention-type research must be done. They also noted that 

much excellent research has been carried out in this area, but its findings have not 

been applied or disseminated widely enough. Of the research that is done, much 

focuses on recycling and littering, but Lehman and Geller pointed out that efforts 

would be most efficient if focused in accordance with the popular environmental 

slogan “reduce, re-use, recycle”, and that concentrating efforts at the top of this cycle 

has the potential to save the most resources. Lastly, they pointed to behavioural 

maintenance as a big problem in this area of research, this is discussed in greater 

detail below (see Section 1.2.10). 

 

Another review by Abrahamse, Steg, Vlek and Rothengatter (2005) looked at 38 

intervention studies using both antecedent and consequence strategies, seeking to 

evaluate them mainly on the basis of whether behaviour change occurred, to what 

extent such change was attributable to the intervention, whether „underlying 

determinants‟ were examined (e.g. attitudes) and whether behaviour was maintained 

in the long term. They noted that the majority of studies focus on changing attitudes 

and knowledge, though these usually result only in higher reported knowledge, not 

actual behaviour change. Abrahamse et al. concluded that commitment/goal-setting 

can be an effective strategy, more so when combined with other strategies (see 

Sections 1.2.8 and 1.2.9 on Commitments/ Goal-setting and Combining 

Interventions), and that feedback is mostly effective, usually becoming more 

effective the more frequently it is given (see section on 1.2.6 Feedback). The authors 

note that many studies have very small sample sizes, and that because most studies 

use opportunity samples the results at best represent a small sub-set of particularly 

environmentally conscious individuals. They also noted that effect sizes in these 

studies seem small (with Cohen‟s d ranging from 0.07 to 1.41), but that most studies 

did not include sufficient statistical information for effect sizes to be calculated. This 
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lack of information means that the results cannot be meta-analyzed as a whole, and 

the small sample sizes would mean low statistical power, meaning in some cases that 

a significant effect would have a greater chance of being overlooked than discovered, 

even where it exists. With such small and un-representative groups, and a bias toward 

statistical insignificance due to low power, these studies do not seem to lend 

themselves to this type of analysis. 

 

Both the Lehman and Geller (2004) and the Abrahmse et al. (2005) reviews ultimately 

advocate the use of commitment and feedback interventions, combining interventions 

to maximize impact, and further research into behavioural maintenance. 

 

 

1.2.5 Choosing Electricity Use as a Target Behaviour 

 

As noted above, conservation efforts can maximize yield by focusing on the reduce 

end of the Reduce, Re-use, Recycle chain, therefore changing electricity consumption 

has great potential to conserve energy. Although the efficiency of many of our 

appliances is increasing as technology develops, there has not been an associated 

reduction in overall domestic electricity use. Since 1980, electricity used in industry 

in the UK has decreased, while domestic electricity was still increasing til the turn of 

the century, where it seems to have levelled off to the present time (ONS, 2009). In 

their ninth annual progress report on the Home Energy Conservation Strategy for 

Northern Ireland, the Housing Executive (NIHE) noted the increasing relative 

importance of electricity use in reducing residential carbon footprints: 

  

 As energy required to meet heating demand decreases due to physical 

improvements to the housing stock, a greater proportion of domestic energy 

consumption is due to a huge increase in the use of modern household 

appliances (e.g., televisions, computers, kitchen appliances, etc.)  

(NIHE, 2005, p. 6) 

 

Much of this electricity use can be considered as „waste‟ in that it does not contribute 

significantly to our quality of life. For example, the Energy Saving Trust estimate that 
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the average household can save £37 a year just by remembering to switch appliances 

like televisions off rather than leaving them on standby (EST, 2010). So, the primary 

reason for choosing electricity use as a target behaviour was because wasteful over-

use is currently high, leaving plenty of potential to reduce use without decreasing 

quality of life. A second reason for choosing electricity use behaviour is that 

consumption can be reduced by making small adjustments to behaviour that have 

little, or usually no, monetary cost. For example, only filling a kettle as required has 

no financial cost, and a member of a low income household can carry out this 

behaviour just as easily as a member of a higher income household. So, targeting 

electricity consumption can help to reach lower income households, who are 

frequently in fuel poverty. Lastly, electricity consumption is an easily measureable 

outcome variable, making it a pragmatic choice for field research. 

 

 

1.2.6 Study Design- Demonstrations of the Effectiveness of Feedback 

 

DEFRA (The UK Department for Environment, Food & Rural Affairs) commissioned 

a review of the literature on the effects of feedback on energy consumption to be 

carried out by Sarah Darby, the Energy Programme Research fellow at Oxford 

University‟s Environmental Change Institute. She summarizes the main findings of 

feedback studies as follows: the effects of most studies using direct feedback (that is 

instantaneous information on current use from the meter, or a display monitor) as 

producing savings of between 5 and 15%, but notes a lack of studies on low-income 

households; Comparative feedback seems more effective when comparing current 

consumption with historical use (historic feedback) than when comparing it with other 

households in social or normative comparisons; Trying to provide an appliance-

specific breakdown of use, usually referred to as disaggregated feedback, is costly and 

technically difficult to provide, while direct-feedback display systems can often 

provide the same information by looking at the display before and after the appliance 

of interest is switched on (Darby, 2006a). The Centre for Sustainable Energy (CSE) 

made similar conclusions about how effective feedback should be presented, stating in 

their report on the literature for OFGEM that feedback is most effective in reducing 

energy use when it is “immediate, prominent, accessible and specific to the 

consumer” (CSE, 2004, p. 6). 
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Pay-as-you-go metering systems in Northern Ireland come in the form of an indoor 

handheld device which acts as an energy display meter, giving customers information 

on current and historical electricity use at the touch of a button. In theory, these 

provide both direct and historically comparative feedback, though the immediacy and 

prominence of the „direct‟ feedback is subject to variation depending on where the 

householder chooses to store the handheld display keypad. Darby reported that 

findings from small-scale studies into the effectiveness of pay-as-you-go meter 

feedback as leading to savings of about 3%.  This may seem low compared with the 

expected savings from direct feedback of 5-15%, two factors should be kept in mind 

when seeking to explain this result: the directness of the feedback, and the relevant 

population (Darby, 2006a). Anecdotally, the keypad meters of most homes visited 

during the course of this research had their handheld meters in low-down cupboard, 

shut out of sight. This would not exactly fit the picture of an ideal vehicle for direct 

feedback. Also, the use of pre-payment meters in Northern Ireland has historically 

been associated with customers with low socio-economic status. As Darby notes, this 

group are under-represented in the feedback literature (2006a). Many keypad 

customers in the past have been obliged to pay for energy in advance due to debts, 

and even now many switch to keypad meters in order to help them manage a tight 

budget. Such customers may be differently motivated to save energy than middle-

class, eco-concerned electricity users, and the necessity of having limited funds with 

which to buy electricity may mean they are usually using relatively little to begin 

with. 

 

A review by the International Energy Agency Demand-Side Management Programme 

(IEADSM) into the use of monitoring and feedback on energy use for „smaller 

customers‟ concludes that, in general, giving some kind of energy use feedback can 

result in savings of around 10% (IEADSM, 2005). 
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1.2.7 Feedback theory 

 

In a paper on social learning theory Darby sought to explain the process by which 

individuals develop what she called „tacit knowledge‟ about the impacts of their 

environmentally related behaviours (Darby, 2006b). This theory views behaviour 

change as a result of learning that involves some emotional aspects; where 

„knowledge‟ about energy use is constructed in the minds of the learners as a response 

to their experiences, and is therefore subjective. She explains tacit knowledge as an 

awareness that aids in our selection and evaluation of the information and theories we 

come in contact with. She quotes Sternberg, Forsythe, Hedlund, Horvath, Wagner, 

Williams, Snook, and Grigorenko‟s definition of tacit knowledge as  

 

…the knowledge gained from everyday experience…generally acquired by 

an individual on their own-with minimal environmental support…an 

aspect of practical intelligence... that reflects the practical ability to learn 

from experience and to apply that knowledge in pursuit of personally 

valued goals…knowing how rather than knowing that 

(Sternberg et al 2000, pp 104, 107, cited in Darby, 2006b) 

 

This description of what tacit knowledge is seems to be contradictory- how can an 

individual learn „from experience‟, „with minimal environmental support‟? Surely our 

learning experiences are our trial-and-error interactions with our environment?   

 Darby compared the social learning/ constructivist approach to the behavioural 

approach thus: “From the behaviourist paradigm behaviour is a response to 

environment; Interpersonal/structural relationships are irrelevant or marginal…To the 

constructivist behaviour stems from environment + thought/ interpretation, 

Interpersonal/structural relationships are significant…” (Darby 2006b, p2930). Here, 

again, there seems to be an assumption that behaviourists consider only a narrow set 

of phenomena as contributing to the „environment‟ which influences behaviour. Of 

course, within a behavioural paradigm interpersonal relationships can also influence 

behaviour, as past experiences with people form part of our learning histories, and 

stimulus equivalence and higher order conditioning mean a plethora of complex 

factors are recognised as influencing any given behaviour (Leslie, 1996). As Foxall 

(2007) pointed out, writing about the differences between radical behaviourism and 
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what he calls „intentional psychology‟, “there is much that the proponents of each of 

these approaches have misunderstood in the other‟s arguments” (p. 2). Foxall argued 

that although intentional stances like those common in social and cognitive 

psychology cannot simply be combined together because their principles are 

incommensurable, we can use aspects of an intentional stance to add “another level of 

interpretation in order to facilitate understanding and prediction by taking the personal 

level of experience into account” (2007, p 47). 

 

Darby then asserted that energy related behaviours are „more readily explained‟ by 

constructivist rather than behaviourist theories, appearing to justify this by stating that 

such learning is cumulative, has social aspects and is linked to personal experience. 

Again, influences of societal factors, personal experiences and learning which appears 

cumulative, do not actually preclude a behavioural explanation of environmental 

behaviour. Indeed, they are a crucial component of it. She emphasizes the value of the 

contribution that a constructivist approach can make to understanding environmental 

behaviour change “because it takes a synergistic building of patterns of thought and 

behaviour as axiomatic” (Darby, 2006b p2930). However as scientists we do not 

accept the principles of a new theory as axiomatic, we test them against the available 

evidence. 

 

The research which formed the basis of Darby‟s (2006b) discussion of social learning 

theory centred on a survey of the residents of Launton village in 2001, 94 of whom 

had participated in, and whose group had won a competition to be the „most energy-

conscious‟ village in Oxfordshire in 1995 and 1996. Sixty-five residents of the village 

who had chosen not to participate in the energy consciousness competition were also 

surveyed as controls. There was no significant difference between competition 

participants and controls on overall amount of energy efficiency improvements made 

to homes after the competition, although those who took part had made significantly 

more efficiency improvements than controls before the competition.  It was found that 

those who reported themselves as „energy conscious‟ were more likely than the non- 

energy conscious to report that the competition had changed their awareness of energy 

issues, with 42 of 74 competitors who were either „strongly‟ or „fairly‟ energy 

conscious reporting that participation in the competition either led them to „do more‟ 

or started them thinking about energy, while only 3 out of 20 of those who were „not 
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really‟ energy conscious reporting doing more or starting to think about these issues. 

This is interpreted as showing that a pattern of learning was operating, where those 

villagers with more tacit knowledge making more energy improvements in general 

before the competition and also being more likely to take part. But these results could 

easily be explained by many possible factors which might correlate with both 

likelihood to take part in an energy-conscious project and likelihood of investing in 

energy measures, for example socio-economic status, level of education, or many 

other factors.    

 

One way in which the social learning theory interpretation of the effectiveness of 

feedback can be tested is by providing feedback for a time, then removing it. If 

feedback has helped us to construct our own learning, this learning should be ours to 

keep, and remain with us even when the feedback is removed. This is partly why a 

reversal design was chosen for the current study. This design feature is further 

discussed in the method section. 

 

 

1.2.8: Commitments/ Goal-setting 

 

Commitments are statements of intention to reach specific conservation goals, either 

chosen by researchers and agreed by participants, or chosen by participants 

themselves (Garnder & Stern, 2002). Pallak and Cummings (1976) compared 

electricity and gas use of household who had made either a private commitment, 

public commitment, or no commitment to reducing energy use. They found that 

increases in use were significantly slower in the public commitment group only, and 

that this difference in groups was maintained at 6-month follow up. Katzev and 

Johnson (1983) compared requests to make a 10% energy reduction commitment with 

requests to fill in a questionnaire only, requests to fill in the questionnaire and also 

make a commitment, and a control condition (no request). They found no significant 

differences in energy use between groups during the 4-week intervention period, but 

did find that members of experimental groups conserved more than the control group 

at a 12-week follow-up. Results of this study may have been obscured by small 

sample size- there were only 14 households in each condition. Pardini and Katzev 

(1984) compared the effects of private (oral agreement with researcher) and public 
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(signing of a printed statement) commitments to participate in paper recycling with an 

„information only‟ condition (post-outs containing information on collection times). 

They found that both private and public commitments led to more material being left 

for recycling than for households receiving information only, in the first 2 weeks of 

the programme. The public commitment condition households continued to leave 

significantly more material for collection than both private commitment or 

information only conditions in the subsequent two weeks. It should be noted that 

commitment effects were confounded by participants having face-to-face contact with 

researchers, which was not the case in the information condition, and also that the 

study spanned only 4 weeks in total.   

 

 

1.2.9: Combining Interventions 

 

Both the Lehman and Geller (2004) and Abrahmse et al. (2005) reviews noted the 

relatively high effectiveness of interventions that combine more than one intervention 

strategy. For example, Staats, Harland and Wilke (2004) combined information with 

individual and comparative feedback to people working in „Eco-Teams‟ and showed a 

7.6% reduction in electricity use and a 16.9% reduction in gas use after a two year 

follow-up. The problem with such studies is that the separate effects of each 

intervention are confounded by the others. Whilst interventions based on the simple 

provision of information alone are rarely successful (Gardner & Stern, 2002), some 

interventions presenting tailored information (Daamen, Staats, Wilke & Engelen, 

2001) using modelling (Winett, Leckliter, Chinn, Stahl & Love, 1985) and appealing 

to sound rationales for change (e.g., focusing on important long-term impacts of 

behaviour change, rather than relatively small personal financial gains- Thompson & 

Stoutmeyer, 1991), have been effective. 

 

Becker (1978) compared the effects of introducing small (2%) or large (20%) energy-

saving goals with the effect of these goals combined with feedback. The combination 

of large goal and feedback resulted in the largest reductions in electricity use (15.1%, 

d=0.97). Feedback combined with the smaller goal resulted in a 5.7% reduction 

(d=0.36), whilst large goal without feedback resulted in a 4.5% reduction (d=0.09) 

and small goal without feedback resulted in a slight increase in electricity use. 
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However, after the 1 month intervention period, feedback was removed and no 

follow-ups were conducted to determine long-term effects. Van Houwelligen and Van 

Raaij (1989) also combined feedback with goal setting in an intervention designed to 

target natural gas consumption. Participants who had a goal of 10% reduction and 

received daily detailed feedback via an electronic metering device reduced use by 

12.3%, higher than reductions achieved by monthly feedback and goal-only groups. 

The West Lothian Energy Advice Project combined home visits with energy advice 

and feedback, in the form of having to report electricity meter readings to researchers 

via telephone. An average yearly saving of £82 was achieved for this project (West 

Lothian Energy Advice Project, 1994, 1995, cited in Darby, 2006a). 

 

A meta-analysis comparing the effects of goal-setting plus feedback interventions to 

goal-setting alone used 16 effect sizes from 11 studies, and arrived at a mean d value 

of .63 (Neubert, 1998). The behaviours measured in the 11 studies varied widely, 

from performance in arithmetic to electricity consumption (Becker, 1978), and 

frequency of feedback provided was not controlled. Complexity of task was examined 

as a potential moderator of the additive effect of providing feedback in goal-setting 

interventions. Complex tasks were defined a those with “numerous information cues 

related to performance or as requiring diverse or unique inputs to perform operations” 

(Wood, 1986, in Neubert 1998, p. 328), and therefore include altering residential 

energy consumption. The d value for goal setting alone versus goal setting with 

feedback, taking only complex task studies was 1.02, as compared with d=0.47 for 

simple tasks, indicating task complexity moderates this additive effect of feedback.  

 

 

1.2.10: Behavioural Maintenance 

 

Difficulty maintaining positive behaviour changes once an intervention has finished is 

a widespread problem in much behavioural research, and both Lehman and Geller 

(2004) and Abrahamse et al (2005) identified the maintenance of behaviour after the 

period of the intervention as an area where more research should be carried out.  

In the Van Houwelligen and Van Raaij (1989) study discussed previously (see Section 

1.2.9), at one-year follow-up, though a general trend towards decreasing energy use 

was observed, there were no longer significant differences between experimental 
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groups. After the experimental period of one year, the devices providing daily 

feedback were removed, so perhaps it is unsurprising that the effect of receiving 

feedback disappears over the one-year follow-up period when it has been unavailable.   

 

Lehman and Geller (2004) suggested three main strategies to tackle the behavioural 

maintenance problem: 1) Use interventions to target one-time behaviours that do not 

need to be maintained (e.g., encouraging installation of solar-voltaic panels with use 

of financial incentives). 2) Design studies with the specific aim of discovering 

important factors involved in longer-term behavioural maintenance. These will 

probably involve interventions that stay in place longer than would normally occur 

during behavioural research. 3) Design interventions that can continue indefinitely. 

Each of these suggestions, whilst different, calls for a change to common design 

approaches. In the current research, a combination of the recommended strategies 2 

and 3 above was used to develop a study design that looked at behaviour over a 10 

month period, so that factors affecting maintenance can be observed, and also used an 

intervention that can continue indefinitely once the research has concluded. 

 

In her review of intervention studies involving the use of feedback, commenting on 

the problem of maintaining desirable behaviours, Darby (2006a) notes that 

interventions are often conceived of as an “interruption in the normal order of things” 

(p. 6), an enforced contingency leading to behavioural change in passive individuals, 

instead of as part of a learning process in which the individual is actively involved. 

An ongoing change in the relationship between environmentally desirable behaviours 

and their contingencies, as opposed to an interruptive „intervention‟ may be the most 

appropriate approach to sustaining behavioural change. In the West Lothian Energy 

Advice Project participants had to phone-in electricity meter readings to researchers 

who use them to track their energy conservation progress (West Lothian Energy 

Advice Project, 1994, 1995, cited in Darby, 2006a). This provided the participants not 

only with constant reminders of their goal and a probable desire to conform to 

researchers‟ expectations by saving, but it also provided them with regular feedback 

on their performance. Workers on this project found that householders who adopted a 

conservation behaviour over 3 months usually maintained this behaviour for at least a 

year. Providing interventions that fit naturally into participants‟ lives and homes 

should therefore be an important consideration when designing intervention studies, 
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as well as making interventions sufficiently long to allow behavioural change to 

„stick‟, and allow researchers to examine factors associated with behavioural 

maintenance. 

 

 1.2.11: Main Findings of the Literature Review 

 

One of the primary goals of this project was to carry out a focused review of the 

existing literature on use of the application of behavioural techniques to change pro-

environmental behaviours, in order to identify the promising interventions for use in 

this project. After reviewing current research on the potential of behavioural 

interventions in reducing energy use, the following conclusions were reached. Firstly, 

feedback interventions show enormous potential to reduce energy use, with expected 

savings for householders in the region of 5-15%, as indicated by an extensive review 

of the feedback literature by Darby (2006a, see Section 1.2.6). For this reason, 

feedback was selected as the primary intervention technique for use in the study. 

 

 The second conclusion reached as a result of the literature review was that, in order 

for the full energy conservation potential of feedback techniques to be realized, they 

should be combined with other interventions. This conclusion was based on evidence 

from reviews of behavioural intervention studies that have applied feedback 

interventions alongside other interventions such as providing information or 

commitment goals (Lehman & Geller, 2004; Abrahamse et al, 2005), as well as a 

meta-analysis estimating a large mean added effect through combining feedback with 

other techniques over a range of different performance tasks (Neubert, 1998) (see 

Section 1.2.9). Based on this evidence, the decision was taken to combine the 

feedback intervention with another intervention in order to maximise its potential to 

help participants succeed in reducing their energy use. 

 

The study by Becker (1978), which illustrated high comparative electricity savings 

where feedback was combined with goal-setting, was particularly influential in 

deciding the secondary intervention to be combined with feedback. This was 

primarily because such significant savings had been achieved (a mean saving of 

15.1% for participants who had feedback and goal-setting interventions combined) 

(see Section 1.2.9). Others factors influencing the choice of goal-setting as the 
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secondary intervention were studies finding significant effects of goal-setting 

commitments on energy use (Pallak & cummings, 1976; Katzev & Johnson, 1983) 

and recycling behaviour (Pardini and Katzev, 1984, see Section 1.2.8), and the 

availability of a current goal-setting intervention being operated by the Energy saving 

Trust at the time of the research. Using participation in a concurrent public campaign 

as an intervention also provided an opportunity to fulfil the dual goal of liaising with 

existing organizations working in fuel poverty to carry out the research, and 

conserving the resources expended in carrying out the research as much as possible 

(see Sections 1.1.8 and 1.1.4). 

 

The third major conclusion reached through review of the literature was that although 

endorsement of pro-environmental attitudes may not be a useful predictor of energy 

use in itself (Bamberg, 2003; Wolfing & Fuhrer, 1999) it might predict which 

participants will respond most positively to behavioural interventions to reduce 

energy use (Brandon & Lewis, 1999, see Section 1.2.3). Though the measurement of 

attitudes is not traditionally the preserve of the behaviour analyst, if we consider the 

information of the questionnaire as a record of „verbal behaviour‟, then it is easy to 

include this element in behavioural research. The New Ecological Paradigm Scale 

(Dunlap & Van Lierre, 2000) was therefore included, and used to measure the pro-

environmental attitude of participants receiving behavioural interventions. Any 

relationship between pro-environmental attitudes and response to the behavioural 

intervention that was found would be expected to provide a means to target 

behavioural interventions where they have the potential to provide the largest savings 

in the future. The above mentioned study by Brandon and Lewis (1999) also provided 

some evidence that higher initial levels of electricity use might predict greater savings 

during intervention, so initial level of electricity use was therefore included as a 

potential predictor of intervention success also (see Section 2.1.6). 

 

The final conclusion based on the literature review was that the intervention used 

must be of long duration, and preferably with the potential to carry on indefinitely 

once the research has concluded. This was based on the conclusions of reviews of 

intervention studies by both Lehman and Geller (2004) and Abrahmse et al (2005), 

that have highlighted the relative paucity of behavioural investigations addressing the 
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issue of how desirable behaviour change can be maintained over time (see Section 

1.2.10).  
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Chapter 2 

 

Study 1 

 

Section 1- Method 
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2.1.1: Rationale, Aims and Hypotheses 

 

As discussed in Chapter 1, behavioural intervention programmes using feedback have 

succeeded in reducing energy consumption in residential settings, but have associated 

problems, which include maintenance of changes in behaviour after the end of the 

study, and small effect sizes. Study designs leading to higher reductions frequently 

combine feedback with other interventions, like goal-setting (Lehman & Geller, 

2004). Also in Chapter 1, two major organisations working in the area of fuel poverty 

were described- NIE Energy and the Energy Saving Trust (EST). Reasons why 

conducting research in partnership with these organisations seems the most resource-

efficient option were also discussed. Consideration of these factors led to the setting 

of the following goals for Study 1: to find out if the combination of feedback with 

goal-setting interventions would produce greater reductions in residential electricity 

consumption than the use of either in isolation; and to use interventions that can 

become part of „normal‟ domestic life and thus continue indefinitely to promote 

maintenance of desirable behaviours. 

 

 

Following on from the four major conclusions reached through the literature review 

(that feedback is effective, that it is most effective when combined with other 

techniques such as goal-setting, that pro-environmental attitude might predict 

response to behavioural interventions, and that behavioural maintenance over time 

must be investigated), the aims of the current research were as follows: 

 

1) To test the effectiveness of a feedback intervention on reducing electricity use 

in a residential setting 

2) To combine this feedback intervention with a goal-setting intervention to 

maximise its effectiveness 

3) To measure endorsement of pro-environmental attitudes in the participants of 

these interventions as a potential moderator of effectiveness 

4) To monitor the effectiveness of these interventions over a ten month period to 

allow investigation of the long-term maintenance of the expected behavioural 

change    
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More specifically, the research hypotheses for Study 1 were: 

 

1) That both feedback and goal-setting interventions would lead to reductions in 

energy use 

  

2) That the combination of both feedback and goal-setting interventions would 

 lead to bigger energy savings than using either intervention in isolation 

 

3) That reductions in energy use would be positively correlated with levels of 

 initial use, (i.e. higher use levels would be associated with bigger reductions) 

 

4) That reductions in energy use would be positively correlated with high scores 

on a self-reported measure of pro-environmental attitudes (the New Ecological 

Paradigm Scale) 

 

These hypotheses addressed the stated research aims 1, 2 and 3. 

 

 

Study 1 was planned and carried out in order to trial the methodology for a study of 

combined feedback and goal-setting interventions, and to estimate the potential effect 

size for a priori power analysis. This study was originally conceived as a month-long 

pilot version of a following study that would follow the same method but last for a 

whole year. Study 1 had three intervention conditions: feedback only (called the 

Feedback Group), goal-setting only (Goal-setting Group), and combined feedback and 

goal-setting (Combined Group). Measurements of self-reported attitudes to the 

environment were also taken.  
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The main hypotheses were:  

  

 That both feedback and goal-setting interventions would lead to reductions in 

 energy use 

  

 That the combination of both feedback and goal-setting interventions would 

 lead to bigger energy savings than using either intervention in isolation 

 

 That reductions in energy use would be positively correlated with levels of 

 initial use, (i.e. higher use levels would be associated with bigger reductions). 

 

That reductions in energy use would be positively correlated with high scores 

on a self-reported measure of pro-environmental attitudes (the New Ecological 

Paradigm Scale). 
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2.1.2: Method 

 

A multiple baseline design was used to minimize the possibility of events coinciding 

with the onset of the study acting as confounding variables, and thereby obfuscating 

the results. Three interventions were applied separately to 3 different groups of 

participants. The interventions were: 1) „Feedback‟, a feedback intervention only, 2) 

„Goal-setting‟, a goal-setting intervention only and 3) „Combined‟, where both 

feedback and goal-setting interventions were applied simultaneously.  

 

2.1.3: The Interventions- Feedback 

 

Feedback was provided through the use of pay-as-you-go keypad electricity meters 

(see Figure 2.1.1), an alternative payment option for electricity freely available from 

NIE Energy. The meters are part of an electricity pre-payment system whereby the 

traditional quarterly bill is exchanged for installation of an interactive meter that can 

be topped up with credit through entering a payment code via the keypad (in a manner 

similar to topping up a mobile phone). The keypad meters have several display 

options, they can show customers their credit time left in days, the current unit cost of 

electricity, the total amount of money entered into the meter and total units of 

electricity used, the amount of electricity currently being used in kilo-watt hours or in 

pounds sterling, and the peak electrical demand over the previous 24 hours and the 

time it occurred (see „Using your Pay-as-you-go keypad meter‟ guide in Appendix 1 

for a full list of functions).   The keypad meters can provide feedback indefinitely, and 

they are unobtrusive and inexpensive (provided free by NIE on request). In 2006-7 

when this study was originally planned and carried out, approximately 180,000 

customers in Northern Ireland had voluntarily requested a switch to keypad meter 

payment in the preceding four years. Now, in 2010, NIE Energy claim that they are 

the UK‟s recognized leaders in electricity pre-payment, with one in four of Northern 

Ireland‟s 749,650 domestic electricity customers using keypad meters. Pre-paying by 

keypad meter gives customers a 2.5% discount on the normal unit rate of electricity, 

and its rapidly spreading use would suggest that this form of electricity payment is 

user friendly and popular with domestic electricity users in Northern Ireland.  
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Frequency of interaction with the keypad meter is participant-determined, and will 

therefore vary. Although top-ups of up to £150 at a time are possible, NIE Energy say 

that the average customer still chooses to top up by a small amount of £10-20. This 

means that in practice, it is likely that participants will choose to interact with their 

meters at least once every week or fortnight. As discussed in the introduction 

section, the lack of experimenter control of the frequency of feedback delivery 

provided by these meters will be balanced by improved the „naturalness‟ of an 

intervention which forms part of many households‟ normal life, and can continue 

indefinitely once the research has concluded.  

 

 

Figure 2.1.1- The Type of Pay-As-You-Go Keypad Meter Used by Pre-paying 

Customers in Northern Ireland 
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2.1.4: The Interventions- Goal-Setting 

 

Between August 2006 and April 2008 the Energy Saving Trust (EST) ran a UK-wide 

poster and internet campaign to encourage members of the public to reduce their 

carbon emissions by 20%. The „Save Your 20%‟ campaign encouraged members of 

the public to personally commit to specific conservation actions either by signing up 

in person at EST promotional events, or registering online at the EST website ( 

www.energysavingtrust.org.uk/commit ). Almost 217,000 members of the public 

made their commitment, with many registering their details online where their names 

and the actions they committed to take are displayed publicly. Some examples of 

actions committed to are: only boiling as much water as needed, switching appliances 

off instead of using standby, and turning down the thermostat by 1°C. Many of the 

Northern Irish citizens who have committed have encountered an EST promotional 

stall at a public event or in a shopping centre, and have registered their names and 

addresses by posting EST a card they received at these contacts (see Appendix 1). 

Participants in the goal-setting condition of the study were recruited from those who 

already made the „save your 20%‟ written commitment at an EST stall. It was decided 

that this pre-existing commitment be used as the goal in the goal-setting intervention 

for three reasons. Firstly, the employees working at EST stalls engaging the public 

and explaining the campaign have considerable experience in motivating people to 

conserve energy, so it makes sense to let goal-setting experts carry out the goal-setting 

intervention. Secondly, resources and effort they may have gone into recruitment 

were conserved by allowing the EST to attract participants as part of their normal 

promotional activities. And thirdly, it was thought the study would provide an 

evaluation of the commitment campaign by providing a record of real changes in 

electricity consumption for those who have signed up.       

 

 

2.1.5: The Interventions- Combined Condition 

 

The combined intervention conditioned was comprised of pay-as-you-go keypad 

meter customers who also signed an EST „save your 20%‟ commitment. 

 

 

http://www.energysavingtrust.org.uk/commit


 41 

2.1.6: The New Ecological Paradigm Scale 

 

As previously covered, the link between pro-environmental attitudes and behaviour is 

weak to moderate (Bamberg, 2003; Kaiser, Wolfing and Fuhrer, 1999), although the 

relationship between attitude and behaviour is stronger when breadth of the 

behavioural criteria matches the breadth of the attitude measure used as a predictor 

(Olander and Thogersen, 1995). Research also indicates that measuring attitude can 

help predict which householders will respond best to feedback interventions (Brandon 

& Lewis, 1999) (see Chapter 1). A general measure of attitude toward ecological 

issues was therefore administered to each participant as an exploratory addition to this 

investigation (see Appendix 1). The New Ecological Paradigm Scale (Dunlap & Van 

Lierre, 2000) was chosen as a short and convenient measure of pro-ecological 

attitudes. This 15-item Likert scale is based on an the original 12 item scale, called the 

New Environmental Paradigm Scale, which had been widely used (Dunlap & Van 

Lierre, 1978), but was updated in 2000 to cover a broader range of ecological issues, 

as well as to improve the balance of pro and anti- ecological items. The terminology 

of the scale was updated at this time, and the name was consequently changed from 

the New Environmental Paradigm Scale to the New Ecological Paradigm Scale since 

the term „environmental‟ can be ambiguous. The New Ecological Paradigm Scale is 

internally consistent (α= .83), and has predictive validity, having been shown to 

discriminate between known environmentalists and non-environmentalists, although 

research on whether the scale measures one, three, or more distinct.dimensions of pro-

ecological attitude remains inconclusive (Dunlap & Van Lierre, 2000).  

 

 

2.1.7: Participants 

 

The original intention was to recruit 15 participants into each condition, making a 

total of 45 participants. These goals were based on sample sizes used in previous 

research, and it was intended that a power analysis based on the results might form the 

basis of a more structured sample-size procedure for following studies. After three 

months of recruiting, only 24 participants had begun participation, so recruitment for 

this study was closed to allow more time for the follow-up study. 
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Participants were an opportunity sample, and cannot be considered representative of 

the overall population in Northern Ireland. Again, using an opportunity sample is 

another example of increasing the „field validity‟ at the expense of experimental 

rigour and the generalizability of results (as discussed in Section 1.1.9). Because 

participants in the feedback interventions are required to change the way they pay for 

their electricity and undergo physical changes to their home as a keypad meter is 

installed, persuading randomly sampled members of the public to agree to such 

changes would involve considerable difficulty. It was anticipated that the research 

would not have been possible under circumstances of having to reach a truly random 

and representative sample of householders and have a sufficient number take part and 

complete participation. 

 

Each participant represented a household of electricity users. The named participant is 

the person who contacted NIE Energy to arrange changing to keypad meter, so they 

might be considered to be the head of the household for electricity use matters. 

Seventeen participants were female and 7 male, showing an expected majority of 

females dealing with household electricity matters. 

 

Ten participants took part in the feedback only intervention. These participants were 

recruited through NIE Energy call centres. When they telephoned NIE Energy to 

request that a keypad meter be installed in their home, they were asked if they would 

like to take part in energy conservation research. They were informed that they would 

receive four free energy saving light-bulbs as a thank-you for their co-operation if 

they chose to take part. If they were interested in taking part their contact details were 

passed on, and they were contacted by telephone at which point the research was 

explained in more detail, and arrangements made to begin participation. The 

following exclusion criteria were agreed with NIE Energy for recruitment: 

participants must have lived in their current accommodation for at least one year; 

must have lived in the Coleraine, Portrush, Portstewart or Belfast areas; participants 

must not have been in debt to NIE Energy; must not have lived in shared 



 43 

accommodation (for example, students); must not have been taking part from their 

holiday home; and must not have been on an Economy 7 tariff
3
. 

 

Since recruitment was disappointing, after 3 months of slow recruitment from the NIE 

Energy call centre, an email message was sent to the University of Ulster staff mailing 

list targeting staff based at the Coleraine Campus (see Appendix 1 for a copy of 

message text). Hundreds of replies were received after an initial message simply 

gauging interest in „energy saving research‟, however once potential participants were 

informed that taking part would involve switching their electricity payment format to 

using a pay-as-you-go keypad meter, only two new participants were eventually 

recruited to the combined condition.  

 

Nine participants took part in the goal-setting intervention. They were recruited at an 

EST Energy Awareness promotional stall at an Ideal Homes exhibition in the Kings 

Hall, Belfast. Members of the public who approached the stall were offered one free 

energy saving light-bulb each and persuaded to sign a „save your 20%‟ commitment 

to use less energy at home. They were also given personal and tailored information 

from the energy advisors about improving energy efficiency at home and had any 

energy-efficiency questions answered. After signing the commitment they were asked 

by the advisors if they might be interested in taking part in some energy conservation 

research, and if interested they were then referred to the researcher for a discussion 

about what the participation would entail. Participants were told they would receive 

four free energy saving light-bulbs as an incentive to participate, and arrangements 

made for participation to begin if they were interested. 

 

Five participants took part in the combined intervention condition. Because changing 

to keypad meter involves investment of time and effort, participants in the combined 

condition were also recruited from customers phoning NIE Energy requesting a 

change to pay-as-you-go-keypad meter. When participants referred from the NIE 

Energy call centre were contacted to discuss participation in the research, they were 

given a choice of participating either in the keypad only or the combined condition. 

The combined condition was explained to them as also involving making a written 

                                                      
3 Economy 7 is an electricity and heat payment option where storage heaters running on a discounted 

off-peak electricity rate at night store heat to be released slowly throughout the day.  
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commitment of an intention to aim to reduce their energy use by 20%. Participants 

were informed that 20% was a personal goal only, and that no penalty of any sort 

would arise from failing to reach this goal, nor would their be any expectation on the 

part of the researcher for this goal to be fully realised. These participants also received 

four free energy saving light-bulbs as thanks for participating. 

 

 

2.1.8: Design 

 

A multiple baseline design was used, with each participant‟s intervention starting as 

dictated by opportunity and practical considerations, such as when participants felt it 

was convenient. The choice of a multiple baseline was therefore influenced both by 

practical considerations and by the desire to control for confounds of time effects as 

much as possible. With so much media coverage of energy issues surrounding climate 

change, it was a considerable possibility that a current event, such as a high-profile 

news story might influence electricity consumption at or around the same time as 

interventions were introduced. The study can be conceived of as a repeated measures 

quasi-experiment, with intervention as the independent variable, or factor, with 3 

levels- feedback, goal-setting and combined. The dependent variable was amount of 

electricity used, in kilowatt-hours (kWh). A kilo-watt hour is a measurement of 

electricity used, and is equal to one „unit‟ of electricity, as described on customers‟ 

bills. A kilo-watt hour is equivalent to an appliance using one thousand watts of 

electricity and running for one hour. Total  NEP score at Time 1 and total NEP score 

at Time 2 were both considered as possible covariates, but did not have a strictly 

defined role pre-experiment as it was included only as an exploration.   

 

 

2.1.9: Procedure- Interventions 

 

At „Time 1‟, each participant was visited at home, at a time of their choosing (after 

installation of their new keypad meter for the feedback and combined conditions), 

where they were given the appropriate participant information sheet, and asked to sign 

a consent form once they had read and understood it (see Appendix 1). Participants 

were then given four free energy saving light-bulbs and chose whether to complete a 
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questionnaire containing the revised NEP, some demographic items, and a space for 

an electricity meter reading at that time, or complete it later and return it in the SAE 

provided. Approximately one month from Time 1, participants were sent another 

questionnaire containing the NEP and space to record a second electricity meter 

reading, or gave their second electricity meter read and answers to NEP items over the 

telephone if that was their preference. Participants were given a choice of postal or 

telephone participation for Time 2 in order to maximise compliance, and they were 

asked to complete the NEP twice as this aspect was exploratory, and there was a 

possibility that participating in the interventions would influence NEP scores, to an 

extent. 

 

 

2.1.10: Procedure- Baseline 

 

The baseline readings for each participant were taken from electricity bill records 

provided by NIE Energy, with the permission of participants. The electricity bill for 

the relevant quarter of the previous year was used to get a figure of kilowatt-hours 

(kWh) electricity used during the quarter containing the same calendar month in 

which the intervention took place.  Previous electricity bills contain readings of kWh 

used over the entire quarter only, and do not contain monthly information. In order to 

get a month‟s baseline reading to correspond to each participant‟s month‟s 

intervention reading, the figure for the relevant quarter was divided by 3. Obviously, 

making estimates for monthly baseline creates an opportunity to increase error. 

However, this estimation procedure was used, rather than beginning the study by 

allowing a baseline observation period, because for keypad participants no initial 

baseline period was possible, as they were recruited just as their keypad meter was 

about to be installed. Because Study 1 was carried out in part as a pilot, it was 

anticipated that using an estimate would be acceptable on the grounds that it would 

expedite completion of Study 1, allowing more time for a follow-up study using an 

entire year‟s baseline (see Study 2 in Section 3), avoiding further estimations.   
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2.1.11: Ethical Considerations 

 

Before recruitment for Study 1 took place, ethical approval was sought and received 

from the School of Psychology Research Ethics Filter Committee, according to the 

procedures of the University of Ulster Research Ethics Committee for category A or 

B non-clinical research with human subjects. Because the research involved 

households, some children below 18 years of age would have been involved as part of 

their families‟ efforts to conserve electricity, however, this study was not considered 

as research involving vulnerable people as all the main participants were over 18 

years. When setting exclusion criteria, it was decided that participants should be made 

aware of the physical demands of the study, like reaching into awkwardly-place meter 

boxes, and allowed to make their own decision about whether they were young and 

able-bodied enough to take part. If an age limit had been set, it might have been 

discriminatory against older people willing and able to take part. Since the elderly are 

particularly at risk for fuel poverty, it was decided that if able they should be allowed 

to take part. There were no other special ethical considerations involving the content 

of the interventions, as both the feedback and the goal-setting interventions were 

already freely available and being widely applied to members of the public in 

Northern Ireland. 
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Chapter 2 

 

Study 1 

 

Section 2- Results 
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2.2.1: Variables Used 

 

Amount of electricity saved during each intervention was considered in the form of 

several variables. There was considerable variation in how long each intervention 

lasted for, participants often took a few days or a week before replying to research 

communications, or need several reminders. Because a variable simply representing 

total kWh electricity used during a 6 week intervention should not be directly 

comparable to a 4.33 week (mean length of the month) baseline, the electricity used 

during each intervention was divided by the length of the intervention in days, and 

multiplied by 30 to give an averaged kilo-watt hours electricity used during 30 days 

intervention („kWh intervention‟) variable. Because baseline electricity use differed 

so considerably amongst the sample, a saving of 100 kilo-watt hours might represent a 

5% saving for one family, but a saving of 20% for another. In order to make 

electricity savings comparable between users, a proportional change score was 

calculated by dividing each participant‟s kWh intervention score by kilo-watt hours 

electricity used during the baseline („kWh baseline‟). 

First, the participants experiencing all 3 interventions will be considered as one group, 

followed by separate analyses of the savings made using each of the three 

interventions. Participants were labelled A-X, participants A-I took part in the goal-

setting intervention, participants I-S took part in the keypad intervention, and 

participants S-X took part in the combined intervention.  

 

 



 49 

2.2.2: Hypotheses 

 

The hypotheses being tested were as follows: 

 

1. Participants, as an overall group, will use significantly less electricity during 

the intervention period than during the baseline period. 

 

2.  

i. Participants in the Feedback Group will use significantly less 

electricity during the intervention than during the baseline 

period. 

 

ii. Participants in the Goal-setting Group will use significantly 

less electricity during the intervention than during the 

baseline period.  

 

iii. Participants in the Combined Interventions Group (Combined 

Group) will use significantly less electricity during the 

intervention than during the baseline period. 

 

3. Savings will be of significantly greater magnitude in the combined 

intervention group than in either the Goal-setting or the Feedback Groups. 

 

 

A tentative hypothesis for the relationship of NEP scores to electricity use was: 

 

4. NEP scores will be positively correlated with kWh electricity change scores 

and proportional change scores, but not kWh baseline electricity scores. 

 

 

 



 50 

2.2.3: Descriptive Statistics for All Groups 

 

Participants U and V were excluded from the analysis due to incomplete or inaccurate 

electricity bills (see Appendix 2 for details). 

 

Descriptive statistics for the remaining 22 participants included in the analysis can be 

seen in Table 2.2.1. A negative change score indicates that this participant used more 

electricity during the intervention than during the baseline. 

 

Table 2.2.1- Baseline and Intervention Electricity Use and Change 

Scores for 22 Participants Included in Main Analysis 

 
 
 

 

2.2.4: Hypothesis 1- Results of the Dependent T-test 

 

Since parametric assumptions were met, a related t-test was used to compare 

electricity use during the baseline and intervention periods for all twenty-two 

participants, as an overall group (see Appendix 2 for details on data exploration and 

assumption testing). The t-test showed that participants used significantly more 

electricity in the baseline condition (M= 393.36 kWh, SE= 34.99) than in the 

intervention condition (M= 325.56, SE= 31.61), t (21) = 4.32, p< .001, r= 0.69
4
. This 

r value indicates a very large effect size. The mean change in electricity use was 67.78 

kWh (see Table 2.2.1), giving a mean reduction in electricity use of 16.37% over all 

three experimental groups. This represents an average saving of £10.19 a month per 

participant at current electricity prices.  

(See output 1 in Appendix 2 for the results of t-test) 

 

                                                      
4
 r was calculated using the formula r= √(t

2 
/ t

2
+ df) from Field (2005) 

137.00 808.00 393.3582 164.11016

101.25 755.64 325.5628 148.27360

-31.72 212.19 67.7954 73.56991

kw h baseline

kw h intervention

kw h change score

Minimum Maximum Mean Std. Deviation
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In conclusion, hypothesis 1 was retained- there was a significant and large reduction 

in electricity use during the intervention condition. 

 

2.2.5:  Hypotheses 2 and 3- Group Comparisons 

 

Hypothesis 2 predicted that within each intervention group (Feedback, Goal-setting 

and Combined) there would be a significant savings during intervention. Hypothesis 3 

predicted that between these three groups, savings made during the intervention 

would be greatest in the combined conditions group. Since recruitment problems 

resulted in only 5 participants in the combined group, and incomplete or inaccurate 

records led to 2 of these participants being discounted from the main analysis, a 

meaningful statistical comparison of the combined group with the other intervention 

groups could not be made. 

 

To address hypothesis 2, each of the three intervention groups were considered 

separately. For the Feedback and Goal-setting groups, t-tests were also used to 

compare mean baseline with mean intervention electricity use to determine whether 

each of these interventions had been successful in helping participant‟s reduce their 

electricity use. For the Combined Group, no statistical tests were appropriate due to 

such small sample size, the results of this group are therefore represented graphically 

below (see Figure 2.2.5).  

In order to determine which of the interventions was most effective in reducing 

electricity use, a t-test was used comparing the proportional change scores achieved in 

each group (kWh baseline use/kWh intervention use). 

 

2.2.6: Hypothesis 2i- Feedback Group 

 

Again, parametric tests were used to make comparisons (see Appendix 2 for 

histograms of baseline and intervention electricity use in the Feedback Group).  

A related t-test comparing kWh baseline with kWh intervention electricity use for the 

10 participants in the Feedback Group only shows that they used significantly less 

electricity in the intervention (M= 275.76 kWh, SE= 29.99) than the baseline 

condition (M= 331.52 kWh, SE= 28.93) t (9)= 3.32, p< .01, r= 0.74, a very large 

effect size. The mean kWh change score within the keypad group was 55.76 kWh, 
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representing a mean reduction in use of 17.13%, or £8.34 of electricity saved in one 

month. See Figure 2.2.1 for individual baseline versus intervention electricity use for 

each participant in Group 1. 

 

 
 

Figure 2.2.1: Bar-chart Comparing Baseline with Intervention Electricity Use 

for Each Participant in Group 1 

 

Hypothesis 2i was therefore retained, participants in the Feedback Group used 

significantly less electricity during intervention .than baseline periods.  

 

2.2.7: Hypothesis 2ii: Goal-setting Group 

 

A related t-test was again used to compare baseline with intervention electricity use 

for participants in the goal-setting condition (see Appendix 2 for histograms of Goal-

setting Group baseline and intervention electricity use). 

Participants in the goal-setting condition used significantly less electricity in the 

intervention (M= 395.32 kWh, SE= 57.99) than in the baseline (M= 482.93, SE= 

60.32) condition, t (8) = 2.746, the exact value given for p was .025, and r= 0.67, a 

very large effect. The mean change in use between baseline and intervention in this 
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group was 87.60 kWh, representing a mean reduction in use of 17.12%, or £13.17 

worth of electricity savings over one month. See Figure 2.2.2 to compare individual 

baseline and intervention period electricity use for each participant in Group 2. 

 
Figure 2.2.2: Bar-chart Comparing Baseline with Intervention Electricity Use 

for Each Participant in Group 2  

 

 

 

 

 

Hypothesis 2ii was also retained, participants in the Goal-setting Group used 

significantly less electricity during the intervention than during the baseline periods. 

 

2.2.8: Hypothesis 2iii- Combined Group 

 

Only 3 participants successfully completed the combined intervention and had 

accurate baseline records, so electricity use in the baseline and intervention conditions 

for each participant are presented graphically below (see Figure 2.2.5). 
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Figure 2.2.3- Bar-Chart Showing KWh Electricity Used During Baseline and 

KWh Electricity Used During Intervention for Each Participant in Group 3 

 

No strong conclusions can be made about participants in the combined condition. 

Participants W and X made savings of 56.72 (£8.53) and 110.71kWh (£16.53) each 

respectively. Participant T‟s score for endorsement of ecological attitudes, NEP score, 

was 63 at time 1 and 65 at time two, high scores out of a possible maximum score of 

75. 

Sufficient empirical evidence was not available in the data to test hypothesis 2iii, nor 

does looking at individuals‟ electricity use provide anecdotal evidence to support this 

hypothesis. 

 

 

 

In regards to hypothesis 1 („Participants, as an overall group, will use significantly 

less electricity during the intervention period than during the baseline period‟), and 
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hypotheses 2i („Participants in the Feedback Group will use significantly less 

electricity during the intervention than during the baseline period‟) and 2ii 

(Participants in the Goal-setting Group will use significantly less electricity during the 

intervention than during the baseline period,), the significant results so far described 

seem to indicate that the interventions to reduce electricity use were successful in 

changing important energy use behaviours in the home. However, and alternative 

explanation of the results is possible. Since all participants in the study were given 

four free energy saving light-bulbs as an incentive to participate, it may be the the 

decrease in electricity use observed during intervention periods was entirely due to the 

energy efficiency of these bulbs, so further tests were performed in order to rule out 

this alternative explanation.  

 

 

2.2.9: The Effect of Free Light-bulbs 

 

An assumed savings figure of 29kWh from the replacement of four traditional bulbs 

with four energy saving bulbs was added to kWh intervention value to produce a 

variable called „kWh light-bulb correct‟. This allowed re-analysis of results to make a 

conservative estimate of how much electricity was saved, disregarding savings made 

by replacing inefficient light-bulbs with more efficient ones. Re-analysis of results 

was conducted for the Overall group (all participants, in all 3 intervention conditions), 

the Feedback Group and the Goal-setting Group.  

 

Overall Group 

 

A t-test was performed to determine whether the difference between baseline and 

intervention electricity use was still significant after adjusting for the estimated effect 

from the free energy saving light-bulbs. Participants in the light-bulb corrected 

intervention group (M= 354.56, SE = 31.61) still used significantly less electricity 

than participants in the baseline condition (M= 325.56, SE = 31.61, as above) t (21) = 

2.473, p< .05, r= 0.47, still a large effect size. Even after dividing α by 2 to adjust for 

type-1 error inflation due to multiple comparisons, both results remain below the 

family-wise significance criterion of p<.025.  
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Feedback Group 

 

A second related t-test comparing kWh baseline electricity use with kWh light-bulb 

correct was not significant, t (9) = 1.59, p= .146. However, a post-hoc power analysis 

indicated that this test had a power of only 0.32, making a Type II error more likely 

than not if a real effect is assumed to exist (Calculated using the G-power application 

for Windows by Faul, Erdfelder, Lang & Buchner, 2007). Since there were significant 

savings for the overall group even after adjustment for free light-bulb use, and the 

savings before light-bulb adjustment in this group were significant and large, it seems 

likely that if power had been better there would also have been significant savings for 

the Feedback Group with adjustment for light-bulb use. 

 

Goal-setting 

 

There was no significant difference between kWh baseline and kWh light-bulb correct 

use, p= .104. (1- β)=0.39, again making a Type II error more likely than not if a real 

effect exists. Again, it seems likely that the non-significant result after adjusting for 

free light-bulb use would have reached significance with sufficient power. 
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2.2.10: Hypothesis 3- Change Scores  

 

ANOVAs were used to compare both kWh change scores (kWh baseline score - kWh 

intervention score) between the Feedback Group and the Goal-setting Group, and 

proportional change scores (kWh baseline/ kWh intervention) between the Feedback 

and Goal-setting Groups (see Appendix 2 for data exploration and testing of 

ANOVA‟s assumptions).   

The ANOVAs were not significant for both kWh change scores ( F (1, 18)= 0.058, p= 

.813) and proportional change scores (F (1, 18)= .827, p= .376), therefore hypothesis 

3 was rejected. The observed power for the proportional change scores ANOVA was 

.056, and .138 for the kWh change scores ANOVA, both extremely low. It must be 

concluded that the data here cannot provide for an adequate test of hypothesis 3. 

 

2.2.11: Hypothesis 4- The Relationship Between NEP Scores and Electricity 

Savings 

 

NEP scores at time 1 and time 2 were both sufficiently normally distributed to be 

entered into parametric correlation analyses with variables kWh baseline, kWh 

change score and proportional change score (with p-values on the Shapiro-Wilks test 

of .104 and .088 respectively, see output 5 in Appendix 2 for full output of Shapiro- 

Wilks tests ). 

 

Any potential relationships between NEP scores and changes in electricity use during 

the intervention period were explored by producing a correlational matrix with the 

following variables included: NEP score Time 1; NEP score Time 2; KWh Baseline 

Electricity Use, KWh Change Score; and KWh Proportional change Score As shown 

in Table 2.2.3, there were three significant correlations. Unsurprisingly, NEP time 1 

correlated with NEP time 2 (r= .844, p< .001). KWh proportional change score also 

correlated with kWh change score (r= .833, p< .001). The only correlation of note is 

that between kWh baseline and kWh change score (r= .429, p< .05) (see Figure 

2.2.4).  

 

Table 2.2.2- Matrix of Pearson‟s Correlations for Variables KWh Baseline, 

KWh Change Score, Proportional Change Score and NEP Time 1 and Time 2 
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Figure 2.2.4- KWh Baseline Electricity Use against KWh Change Score 

 

Hypothesis 4 was not upheld- there was no relationship between scores on the NEP 

Time or Time 2 and change scores. Although kWh baseline use was correlated with 

change scores, this may be an artefact rather than indicating a real relationship 
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between having high initial electricity use and responding well to interventions, as 

kWh baseline was not significantly correlated with proportional change scores. 

 

2.2.12: Summary of Findings in Relation to the Literature 

 

As an overall group, participants saved electricity during their interventions. Mean 

savings of £10.19 (16.37%) per participant per month represent an effect that is very 

important in real terms. Both the feedback intervention and the goal-setting 

intervention were effective, with participants making mean savings of £8.34 (17.13%) 

and £13.17 (17.12%) respectively per month. This effect of feedback in reducing 

electricity use was larger than was expected based on reviews of previous feedback 

studies, which indicated savings in the range of 5-15% (Darby, 2006a; Ehrhardt-

Martinez, Donnelly and Laitner, 2010). Much less research has been done on goal-

setting interventions, but such a large reduction in use using goal-setting alone was 

also unexpected in terms of the one previous study that also examined electricity use 

(Pallak and Cummings, 1976, who found a 10% reduction in use). 

 

The previous literature indicated a strong expectation that combining interventions 

would lead to even greater reduction in use than using either intervention alone 

(Becker, 1978, Neubert, 1998).,but a lack of statistical power caused by insufficient 

sample size prevented the additive effects of combining interventions from being 

clearly determined in this study. The hypothesis that electricity savings would be 

significantly higher in the combined group than either of the other groups could 

therefore not be tested at all. 

 

A possible alternative explanation of reduced electricity use during intervention being 

solely a result of the use of free energy saving lightbulbs given as incentives was also 

ruled out. Electricity savings remained significant for the overall group =, including 

participants in the feedback, goal-setting and combined conditions, even after 

adjustment for the use of the free energy saving light-bulbs received by participants 

7.39 %. Even after adjustment for savings related to using energy saving lightbulbs, 

the mean reduction in electricity use was 7.39 %. Although light-bulb adjusted 

savings did not appear significant when the feedback and goal-setting groups were 
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examined individually, it is likely that they would have still been significant if the 

statistical power had been increased through increased sample size. 

 

No evidence was found from this study that NEP scores can predict the effectiveness 

of interventions to reduce energy use.  This is in contradiction to the findings of 

Brandon & Lewis (1999) who reported that pro-environmental attitudes together with 

previously high levels of energy use predicted the reductions in use achieved during 

feedback interventions. Two possible explanations for this contradiction are as 

follows: firstly, the predictive effect may be small, and therefore the current study 

may not have had sufficient power to detect such an effect; secondly, the a different 

measure of pro-environmental attitudes was used by Brandon and Lewis, and their 

measure included items on intentions to behave pro-environmentally, which the NEP 

does not. 

 

Overall, the results of this study indicate promising results for the use of behavioural 

techniques to reduce domestic electricity consumption in field settings. Although it 

was not possible to determine whether combining feedback and goal-setting 

techniques produced significantly higher savings than using them individually, the 

savings achieved using all techniques were extremely encouraging in terms of the 

potential of behavioural analysis to address the environmental and social problems 

surrounding energy use. 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 
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Section 3- Planned Study 
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2.3.1: Main Keypad Study 

 

After completion of Study 1, a year-long study of the same design, based on its results 

was planned. This study would use the same three interventions as the Study 1, and 

the same multiple baseline design, but data would be collected over a whole year to 

investigate behavioural maintenance under feedback and goal-setting interventions. 

Because the study would last for a whole year, the plan was to take meter readings 

and NEP scores at the beginning of each quarter, giving four quarters of intervention 

electricity use, to be compared to four quarters of historical electricity use for each 

participant.   

 

 

2.3.2: Participants 

 

Study 1 was conceived as an opportunity to refine sample size estimations for a longer 

study. To detect the overall electricity-saving effect of participating in an intervention, 

a sample of only 19 should be necessary to give statistical power of (1-β)= .80 for 

detecting an effect of size 0.69 (Faul et al. 2007). The problem of how large a sample 

is necessary to detect a difference between intervention groups is more complex. 

Because only 3 participants finished the combined intervention in Study 1, no 

statistical calculations of the effect size of the difference between this and the other 

two interventions could be made. An F-test of the difference between the feedback 

and goal-setting groups yielded a very low, and non-significant effect size of d=0.113. 

Since it was the difference between the combined and the remaining groups that was 

of interest, the difference between the feedback and goal-setting group is irrelevant. 

The best option for setting a sample size target was simply to use Cohen‟s convention 

of a small effect size (d= .20) Using sample size tables for F tests in Cohen (1977), for 

a desired power of .80 and an alpha level of .05 the recommended minimum sample 

size was 5 for the feedback plus goal-setting condition and 69 for the feedback alone 

and goal-setting alone conditions. Provisional sample sizes of 15 for the feedback plus 

goal-setting condition (as 5 could result in a high standard deviation) and 70 for the 

feedback alone and goal-setting alone conditions was set, as these both cover the 

minimum suggested by Cohen (1977) and were deemed practically achievable by 

organizations experienced in energy-reduction outreach initiatives (Northern Ireland 
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Electricity and the Energy Saving Trust). Another convention of sample size 

estimation is to factor in an attrition rate of 25% if possible for studies where 

participation must be maintained over a long period of time, so if full sample planned 

sample size was attained a further goal was to get an extra seventeen households to 

participate in the feedback and goal-setting conditions, and an extra four in the 

combined condition.  

 

 

2.3.3: Problems 

 

Recruitment for Study 1 spanned 10 months (from April 2007- February 2008), with a 

disappointingly low yield of only 24 participants volunteering to take part. 

Recruitment slowed down particularly over December and January, and it was 

theorized that this was due to householders being busy over the Christmas period and 

therefore not wanting to take on extra time commitments, however small. It was 

anticipated that by February, when recruitment for the main study was launched that 

interest in the project would again increase. As a further attempt to boost recruitment, 

NIE Energy offered a free £25 vend of electricity to potential participants as an 

incentive to take part. Unfortunately, recruitment was still very poor. Eight of the 

participants in Study 1 agreed to continue to take part for another year: one participant 

from the goal-setting condition, 2 from the combined condition and 5 from the keypad 

condition. Between February and July of 2008, only 5 more participants were 

recruited, all opting to take part in the keypad condition. Between July 2008 and 

September 2008 no potential participants were referred from the NIE Energy call 

centre at all, recruitment had ground to a halt. Previous attempts to recruit university 

staff from using email had resulted in only 2 new participants from hundreds of staff 

interested in energy conservation issues, so there were no obvious avenues left open 

to solve this recruitment problem.  

 

Since NIE Energy‟s time and resource investment in the project looked likely to yield 

little or no return in terms of demonstrated large customer savings, they no longer had 

any incentive to participate. Recruitment had to be abandoned and historical use 

records were not collected for the few participants who had signed up. 
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There were also recruitment problems for the goal-setting intervention condition. 

While the problems with NIE Energy recruitment were ongoing, the EST withdrew 

their „save your 20%‟ commitment campaign completely, and switched instead to a 

tailored approach offering home inspections and advice on specific conservations 

measures for individual householders. Whilst using a tailored approach is certainly 

advisable within the energy information sector (Gardener and Stern, 1996), it was 

completely incompatible with a study on the effects of goal-setting. At a time when 

recruitment in the feedback and combined condition was collapsing, it became 

obvious that recruitment in the goal-setting condition based on EST promotional 

events could not even begin, and so this study was abandoned in favour of launching a 

new re-designed investigation.   
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Chapter 3 

 

Study 2 

 

Section 1- Method 
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3.1.1: Introduction to Study 2 

 

Originally, four main aims were stated for the research project, encompassing bot 

studies:  

1) To test the effectiveness of a feedback intervention on reducing electricity use 

in a residential setting 

2) To combine this feedback intervention with a goal-setting intervention to 

maximise its effectiveness 

3) To measure endorsement of pro-environmental attitudes in the participants of 

these interventions as a potential moderator of effectiveness 

4) To monitor the effectiveness of these interventions over a ten month period to 

allow investigation of the long-term maintenance of the expected behavioural 

change    

 

Study 1 addressed aims one by demonstrating the successful use of feedback as an 

intervention to conserve electricity use. Aim two was partly addressed by showing 

that goal-setting could also be used as a successful intervention to reduce electricity 

use, and that it could easily be combined with feedback, but, as discussed in Section 

2.2.10, Study 1 could not distinguish whether the combination of feedback with goal-

setting interventions were significantly more effective that using either in isolation. 

Aim three was addressed by Study 1 by including the NEP scores as a potential 

moderator of intervention effectiveness. No relationship was found between NEP 

scores and the effectiveness of interventions in Study 1, but since this was 

inconsistent with previous findings (Brandon & Lewis, 1999), this aim was re-

addressed again by measuring NEP scores for participants in Study 2. Finally, aim 4 

(to investigate maintenance of desirable behaviours), was a major focus of Study 2. 

As discussed in Chapter 1, two major reviews of behavioural intervention research in 

the area of pro-environmental behaviours (Lehman & Geller, 2004; Abrahamse et al. 

2005) have highlighted the need for investigations into factors surrounding the 

maintenance of desirable behaviours over time. In Study 2 electricity use was 

measured for a period of ten months, in order to explore the possibility that regular 

and frequent feedback combined with goal-setting might lead to the maintenance of 

electricity conservation behaviour over a relatively long period.  
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Study 2 also aimed more specifically to address the issue of how feedback works. As 

described previously (see Section 1.2.7), Darby (2006b) forwarded the theory that 

feedback results in gains in „tacit knowledge‟. If this is the case, then the effects of 

receiving better feedback should persist, even after the feedback is removed. Study 2 

therefore included elements of a reversal design, where feedback is provided, and then 

removed, so that more could be learned about whether feedback works by giving 

users lasting knowledge about their energy use. Study 2 therefore involved using a 

combination of feedback and goal-setting interventions, similarly to Study 1, but also 

involved some conditions where the intervention was then removed (a „return to 

baseline‟). This study tested the hypotheses that 1) intervention related savings could 

persist over longer periods of time, and 2) that a removal of the intervention would 

result in a return to previously high levels of energy use unless the use of feedback 

resulted in permanent gains in „tacit knowledge‟ about energy use, as Darby (2006b) 

predicted.   

 

 

3.1.2: Wireless Electricity Monitors Study Method 

 

Since the pay-as-you-go keypad meter study was abandoned due to a failure to recruit 

sufficient numbers, a new study was designed. The major flaws of the initial design 

were: reliance on outside organizations with different goals for recruitment and 

attempting to investigate too many factors within one study. Recognition of these 

drawbacks to the initial study led to two main changes in the study design. Firstly, the 

method by which feedback was provided was changed from using keypad meters 

provided by NIE Energy to using wireless energy monitors freely available for private 

purchase in the domestic market. Secondly, there would be no comparison made 

between different intervention types, and instead the focus would be on behavioural 

responses to performance feedback over a relatively long time period (10 months). 

Feedback and goal-setting were applied as a combined intervention for all participants 

in this study, and no attempt was made to separate the effects of feedback from those 

of goal-setting. The factors justifying this decision were: the extremely controlled 

conditions necessary to rule out potential confounds in research are usually very 

difficult to provide in field research; previous research conducted under more 

controlled conditions has already established that combining interventions leads to 
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improved savings (Lehman & Geller, 2004; Abrahamse et al. 2005; Neubert, 1998); 

and one of the main goals of the research was to help alleviate fuel poverty, and this 

objective could be best achieved by combining intervention techniques to provide the 

most effective intervention possible.  

 

 

3.1.3: The Intervention 

 

The new intervention applied to households hoping to reduce electricity use combined 

goal-setting and feedback for all participants in an attempt to maximise savings and 

potential for behavioural maintenance. The goal-setting intervention comprised of 

having participants sign two copies of a declaration of their intention to reduce their 

electricity use by 20%. One copy was given to the researcher, making the declaration 

public by sharing it, and the other copy was retained by the participant as a reminder 

of their goal (see Appendix 3 for copies of goal-setting declarations). The feedback 

aspect of the intervention was administered via provision of free wireless home 

energy monitors to each participant. 

 

3.1.4: Materials and Setting 

 

The energy monitors used by participants were model CM119 OWL
®
 wireless 

electricity monitors.    The energy monitor works by clipping a sensor clip onto the 

output cable in one‟s home electricity meter box. The sensor clip and attached 

transmitter communicate information about how much electricity is being use to a 

handheld LCD display box with a 30m range, usually kept in a communal living area 

of the home (see Figure 3.2.1 for an image of the hand-held LCD display, sensor clip, 

and transmitter). 
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Figure 3.1.1: The OWL Electricity Monitor, Model CM119, as Used in Study 2 

in 2009-2010. 

 

 

The handheld display device shows current total electricity use to householders as 

well as cumulative use, providing them with constant conservation performance 

feedback. It performs many functions, such as showing current electricity use in terms 

of monetary cost, kilo-watt hours (kWh), or amount of greenhouse gas being released. 

It can also display historical electricity use, time, date and temperature (see Appendix 

3 for user manual and set up guide). The monitor came with full and easy-to-follow 

set up instructions. It also came with batteries for the transmitter and hand-held 

display, and this ensured any extra electricity used by a mains-powered monitor did 

not obscure electricity savings. 
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3.1.5: Design 

 

As before, there were three groups, but instead of each group experiencing a different 

intervention, each group experienced the single intervention in a different order of 

presentation. Group one experienced 5months of intervention, followed by a 5 month 

return to baseline. Group 2 experienced 5 months of baseline, followed by 5 months 

of intervention. Group 3 experienced an A-B-A-B reversal design, where they had 

two months of intervention, followed by two months of baseline, then a second two 

months of intervention („intervention 2‟), a second two months of baseline („baseline 

2‟), and a last 2 months of intervention (intervention 3). 

 

 

3.1.6: Using a Reversal Design 

 

There were several reasons for changing the order of presentation and using a reversal 

condition. Firstly, simply using a group/control design would not have been 

appropriate. It was beyond the practical limitations of this study to achieve samples 

truly representative of the varied population of householders in Northern Ireland, so if 

a group design were employed, it would be highly unlikely that the control group 

were really suitable matches for the experimental group. This is also the reason that 

an attempt to compare different interventions was abandoned for the this study, a lack 

of comparability of groups would surely lessen the power of the study by making 

small effect sizes much harder to detect amongst the high variability of participants. 

The second main reason for using a reversal design was that without use of random 

allocation to groups, one must be particularly cautious to avoid confounding of results 

by extraneous variables. This problem would not have been adequately addressed by a 

simple baseline/intervention design. A third bonus to using a reversal design is that it 

helps address seasonal variability. The seasons could be reasonably expected to exert 

an influence on domestic electricity consumption, so counterbalancing the order of 

presentation of the baseline and intervention conditions, and also the inclusion of a 

“repeated reversal” condition (explained below) will help separate any intervention 

effects from seasonal effects.  
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As discussed in the literature review (see Section 1.2.7), Darby envisages feedback as 

contributing to our learning about energy use. As she sees it, we get performance 

feedback on conservation tasks- we modify our behaviour- we get better feedback, 

and this leads to an enhanced understanding of how to conserve energy (Darby, 

2006b). If it is the case that feedback leads to improved „tacit, durable knowledge‟ as 

Darby terms it, we might expect that a reversal of the effects of a feedback 

intervention could not be easily demonstrated. That is to say, where a feedback 

intervention that was hitherto successfully applied has now been withdrawn, energy 

use levels would remain at a lower level, and not rise again as the helpful feedback 

has been removed. 

 

 

3.1.7: Sample Size Determination 

 

Although this study involved 3 quasi-experimental „conditions‟ represented by 

participation in each of the 3 groups, it was not intended that these groups be 

compared statistically as in the Study 1. The focus moved from a traditional quasi-

experimental between-group comparison to a behavioural approach in which each 

participant‟s change in behaviour was mapped in relation to planned changes in their 

environment. This change had important conceptual ramifications for sample size 

determination.  

 

 

3.1.8: Procedure 

 

Interested potential participants were emailed a participant information sheet (see 

Appendix 3), and informed that if they decided to take part they would be randomly 

allocated to one of the three groups determining order of presentation of the 

interventions. If these potential participants responded positively, a die was rolled to 

determine which experimental group they would belong to: if number 1 or 2 was 

rolled, that participant was allocated to Group 1, if a 3 or 4 was rolled, that participant 

was allocated to Group 2, and if a 5 or 6 was rolled, that participant was allocated to 

Group 3. Forty was a pre-ordained maximum number of participants, as this is how 

many wireless energy monitors were purchased. Since random allocation to group 
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might result in very different group sizes, if any group reached its maximum of one 

third of total participants, its allotted die numbers were assigned to the remaining 

groups, so that ultimately Groups 1 and 2 were allotted 13 participants each, and 

Group 3 14 participants, since attrition seemed more likely in this group due to greater 

time investment from participants.  

 

Each participant was visited at their place of work and given an opportunity to ask 

questions about the research. Once it was clear that the participant information sheet 

had been read and understood, a consent form and the two goal-setting declarations 

were signed and an NEP questionnaire completed. Participants from groups 1 and 3 

were also given their wireless energy monitors at this time. All participants gave 

written electricity meter readings by post when their participation began, and 

henceforth at the end of each intervention or baseline period. For participants in 

Group 1, at the end of the first 5 month intervention, they were sent a letter asking for 

an electricity meter reading and a pre-addressed padded envelope for the return of 

their wireless electricity monitor during their baseline period. Participants in Group 2 

were sent their wireless energy monitors after an initial 5 month baseline period, 

along with a pre-addressed envelope for the return of an electricity meter reading by 

post, with some participants choosing to give their electricity meter readings by email. 

Participants in Group 3 returned and received their wireless monitors by post at the 

beginning and end of each intervention also. At the end of participation, participants 

were asked for one last electricity meter reading and told they could now keep their 

wireless monitors. Participants who did not respond to requests for the return of their 

wireless monitors or electricity meter reads were contacted again by email and post. 

Post was normally addressed to the participant at their place of work, except in the 

case of one participant on maternity leave and another on sick leave, when 

participation continued via post to a home address.  

 

 

3.1.9: Participants 

 

An opportunity sample of university staff were recruited through the mailing list of 

the University of Ulster. Participants were recruited from all of the four campuses in 

Northern Ireland: Magee, Coleraine, Jordanstown and Belfast (see Appendix 3 for 
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text of email messages). Of an original 40 participants, 23 responded after the first 

study period, and only 20 completed participation by giving all necessary electricity 

meter reads. The breakdown of participants who completed participation in each 

group condition with respect to sex and university campus was as follows: 

 

Group 1 (Intervention first): 

There were 7 participants, 3 male, and 4 female.  

Three participants were based at the Coleraine Campus, 2 were based at Magee, and 2 

at Jordanstown. 

 

Group 2 (Baseline first): 

 

There were initially 11 participants, but 3 did not complete participation. Of the 8 who 

finished, 5 were female and 3 male. Two were based at the Jordanstown campus, 3 

were based at Magee, 2 were based at Coleraine, and 1 was based at the Belfast 

campus. 

 

Group 3 (Alternating intervention/baseline): 

There were 5 participants in this condition, 3 female and 2 male. Three were based at 

Coleraine, one at Magee, and one at Jordanstown.   

 

Overall there were 12 females and 8 males. 

 

 

3.1.10: Ethical Considerations 

 

Although there may have been children or vulnerable adults taking part as members 

of participating households, the named participant in all cases was over 18 years. 

Again, as in the Study 1, there was no researcher-defined age limit in order to avoid 

discriminating against elderly participants. Instead, all participants were made fully 

aware the physical and time demands of taking part before they consented to 

participate. The exclusion criterion for this study was simply that the participant 

reasonably expected to remain living in the same accommodation for the duration of 

the study, so that their baseline and intervention environments would remain 
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comparable. For Study 1, NIE Energy suggested that customers using the Economy 7 

tariff should be excluded. Since NIE Energy did not take part in this study, this 

exclusion did not apply, and in fact one participant did use the Economy 7 tariff. 
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Chapter 3 

 

Study 2 

 

Section 2- Results 
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3.2.1: Using Wireless Feedback Monitors to Reduce Domestic Electricity 

Consumption in Northern Ireland- Results 

 

Participants were allocated letters as identifiers, to preserve their anonymity. 

Participants A-G were in Group1 and experienced the intervention condition first, 

participants H-O were in Group 2, experiencing the baseline first, and participants P-T 

were in Group 3 and experienced alternating intervention and baseline conditions. The 

number of people in each household, the campus they were recruited from, the 

amount of electricity used during the baseline and intervention, score on the NEP and 

the change score for each participant are shown by group in tables 3.2.1, 3.2.2 and 

3.2.3. 

 

Since Groups 1 and 2 experienced only one intervention and one baseline each, they 

were compared on the amount of electricity they used during their intervention, called 

„kWh intervention‟ and the amount of electricity used during their baseline, called 

„kWh baseline‟. These variables were also adjusted for differences in the duration of 

interventions between individuals. The kWh electricity used during the intervention 

was divided by its duration in days, giving a mean days electricity use during 

intervention (called „mean day intervention‟), and the same was done for kWh 

baseline scores. These „mean day intervention‟ and „mean day baseline‟ variables 

could then be multiplied by 150 days (5 months) to give kWh intervention and kWh 

baseline use scores that were more comparable to each other. 

 

 For Group 3, there were also the variables „kWh intervention 2‟, „kWh baseline 2‟ 

and „kWh intervention 3‟, which represented the amount of electricity used during the 

second and third intervention periods and during the second baseline period. These 

were also corrected for differences in duration of intervention and baseline periods 

between participants by dividing amount of electricity used by the duration in days, 

and then multiplying this figure by 60 (60 days= 2 months). When seeking to compare 

individuals in Groups 1 and 2 with those from Group 3 who got shorter intervention 

periods, the variables „mean day intervention‟ and „mean day baseline‟ were used. 
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The only formally testable hypothesis stated before data analysis in this study was: 

 

1. There will be a significant difference between mean day intervention and 

mean  day baseline electricity use across all three groups, with significantly lower 

mean  electricity use per day in the intervention condition. 

 

Other hypotheses were that: 

 

2. Order of presentation will not change the effectiveness of the intervention. 

 Participants in group 2, who experienced a baseline condition followed by an 

 intervention, will still use less electricity during their intervention than during 

 their baseline. 

 

3. If participants in groups 1 and 3 return to higher levels of electricity use during 

 the baseline period/periods after their interventions end, this will not support 

 Darby‟s „tacit knowledge‟ theory of how feedback improves conservation 

 performance. 
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Table 3.2.1-  Table Showing Number in Household, Campus, Electricity Use, 

NEP Score and Change Scores for Participants in Group 1 

 

Participant 

(Sex) 

No. in 

House

-hold 

Total 

NEP 

Score 

 

 

Baseline 

electricity 

use 

(kWh) 

Intervention 

electricity 

use 

(kWh) 

Proportional 

change score  

Change 

score 

A (m) 6 39 3505.0 3048.00 0.87 457.50 

B (f) 5 50 2287.50 1522.50 0.67 765.00 

C (f) 3 57 1428.00 1206.00 0.84 222.00 

E (f) 2 59 2806.50 3158.72 1.13 -352.50 

F (m) 2 38 1671.00 1806.00 0.91 152.00 

G (m) 4 53 1770.00 2760.00 1.02 -36.00 
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Table 3.2.2- Table Showing Number in Household, Campus, Electricity Use, 

NEP Score and Change Scores for Participants in Group 2 

 

Participant 

(Sex) 

No. in 

House

-hold 

Total 

NEP 

Score 

 

 

Baseline 

electricity 

use 

(kWh) 

Intervention 

electricity 

use 

(kWh) 

Proportional 

change score 

Change 

score 

H (f) 2 66 1819.50 2760.00 1.52 -940.50 

I (m) 4 49 2220.00 2835.00 1.28 -615.00 

J (m) 1 54 1084.50 1329.00 1.23 -244.50 

K (m) 6 60 2631.00 3603.00 1.37 -972.00 

L (f) 3 58 1965.00 2025.00 1.03 -60.00 

M (f) 1 48 975.00 1123.50 1.15 -148.50 

N (f) 5 48 813.00 829.50 1.02 -16.50 

O (f) 4 63 4075.50 2221.50 0.55 1854.00 
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3.2.2. Hypothesis 1- Overall Group Difference 

 

The „mean day intervention‟ and „mean day baseline‟ scores were used for attempted 

overall group statistical analyses as these were comparable across participants in all 

three groups (see Appendix 4 for histograms and boxplots of mean day intervention 

and mean day baseline scores)..  

 

A related t-test was then used to determine if there was any significant difference 

between electricity use under intervention and baseline conditions for the overall 

group. There was no significant difference, t (18) = -.707, p = .245, (one tailed), and it 

should be noted that the power of this test (1-β) was a very respectable 0.89, meaning 

that the balance of probability lies in favour of no real overall effect of intervention 

having been present in this group. 

(Full SPSS output for the t-test can be found in the Appendix 4 under output 3.2.1).   

 

Hypothesis 1 was therefore rejected. This result seemed surprising after the results 

Study 1 indicated that either feedback or goal-setting alone could produce a large 

conservation effect. A more detailed examination of how participants responded 

differently by order-of-presentation groups helped to explain this surprising result. 

 

3.2.3 Hypothesis 2- Order of Presentation of Interventions 

 

Hypothesis 2 predicted that, as a general trend, participants in Group 1 and 

participants in Group 2 would use less electricity during their intervention period than 

during their baseline. 

 

Group 1 

As can be seen from the graph in Figure 3.2.1, participants in Group1 did tend to use 

less electricity in their intervention period, with the exception of participants E and G, 

who used more electricity during their intervention than during their baseline. Despite 

these two participants using more, the mean change score for group 1 was 201.33, and 

the mean proportional change score was 0.91 (see Table 3.2.4).  
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Figure 3.2.1: Difference-line graph Comparing Baseline with Intervention use, 

Showing KWh Electricity Used against Participant for Group 1 

 

These scores represent significant savings for the participants of Group 1. Even 

including participants E and G who used more electricity during their intervention, the 

mean saving was £30.25 per household. The mean saving amongst the four 

households who did use less electricity during their intervention periods was £59.99 

per household over a 5 month period. Participant E had the 5
th

 highest level of 

baseline electricity use in the overall group which was 559.49 kWh, and 0.71 SD 

above the mean. However, participant G had a baseline use 464.98 kWh below the 

group mean, although this participant only used a relatively small 36 kWh more 

electricity during the intervention. 

 



 82 

Table 3.2.3- Table comparing mean change scores, proportional change scores 

and monetary savings for Groups 1 and 2 

 

Group Mean Change 

Score (kWh)  

Mean Proportional 

Change Score (kWh) 

Mean Electricity 

saved at current 

prices(£)  

Group 1 201.33,  

(SD 158.04) 

0.91 

(SD 0.06) 

30.25 

Group 2 -142.86 

(SD 315.30) 

1.14 

(SD 0.10) 

21.47 more spent 

on electricity 

 

 

Group 2 

 

However, the participants in Group 2 did not seem to make similar significant 

savings. In fact, as a group they appeared to use more electricity during the 

intervention than during the baseline which preceded it. As can be seen from Table 

3.2.2, all but one of the eight participants in Group 2 used more electricity during their 

interventions. As displayed in Table 3.2.3, the mean change score for this group was -

142.86, with a mean proportional change score of 1.14. These participants spent a 

mean extra £21.47 each on electricity during the 5 months of their intervention. 

  

The contrast between groups 1 and 2 can be seen in Figure 3.2.2, a difference-line 

graph showing groups 1 (participants A-G) and group 2 (participants H-O) together. 
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Figure 3.2.2: Difference-line Graph Comparing Intervention and Baseline Use, 

Showing kWh Electricity Used against Participant for Groups 1 and 2 

 

 

Participant O was the only member of Group 2 to succeed in saving electricity, using 

1854 kWh less electricity during the intervention than during the baseline period, 

meaning a massive saving of £278.66 in 5 months. It may be of note that this 

participant had the highest baseline use of Group 2, with a mean 27.17 kWh of 

electricity used per day of the baseline, compared to the next-highest mean day 

baseline use of 17.54 kWh for participant K. Discounting participant O, the remaining 

seven participants of Group 2 used a mean 428.14 kWh more of electricity during 

their baseline period. This is equivalent to spending a mean extra £64.35 on electricity 

each during the 5 month intervention, almost exactly mirroring the approximately £60 

less electricity used by Group 1 during their intervention. 
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The mean baseline electricity use for Group 1 was 2246.45 kWh, and for Group 2 

(minus participant O) was 1644.09 kWh. Another t-test was therefore carried out to 

explore the possibility that differing levels of baseline use could explain the different 

responses to intervention in Groups 1 and 2, but the difference between baseline 

levels was not significant ( t (12) = 1.465, p = .873. 

 

 

3.2.4 Group 3 Results 

 

Z-scores were calculated for mean day intervention and mean day baseline scores, and 

no statistical outliers were detected, however one of the participants in Group 3 

provides an illustration of why statistical tests are no substitute for common sense in 

research. Participant R in group 3 had z-scores for mean day baseline and mean day 

intervention that were well within the range expected in a normal distribution, yet 

when these electricity use figures were multiplied by the current unit price of 

electricity it became clear that the units used figures for Interventions 2 and 3 seem 

unlikely to be accurate readings (see Table 3.2.4). 

 

Table 3.2.4- Table Showing Mean Day Electricity Use, Z-score and Electricity 

Used in Pounds Sterling in Each Period for Participant R 

 

 Intervention 

1 

Baseline 1 Intervention 

2 

Baseline 2 Intervention 

3 

Mean amount used during one day of intervention or baseline 

period 

Units used 9.60 9.72 171.14 352.71 10308.73 

Z score -.084 -.70 1.78 1.79 1.5 

 Cost of 

Elec. used 
£1.44 £1.46 £25.72 £53.01 £1549.40 

  

Because of the extreme unlikelihood that anyone could use £25 or more of electricity 

in a day, data from Intervention 2, baseline 2 and Intervention 3 were discounted for 
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participant R. The amount of electricity used for each participant during each of their 

baseline and intervention periods can be seen in Table 3.2.5, along with the sex of 

participant, number in household, NEP score and change scores and proportional 

change scores. As shown in the table, participants seemed to succeed in saving 

electricity overall, with a mean proportional change score of 0.86, and a mean change 

score of 569.23 kWh for the group, equal to £85.56 of electricity saved each over the 

four months of interventions 1 and 2, versus the four months of baseline 1 and 2. 

 

Table 3.2.5- Table Showing Number in Household, Campus, Electricity Use, 

NEP Score and Change Score for Participants in Group 3 

 

Participant P Q S T Group 

Mean 

N. in household 4 5  2 3.67 

NEP total score 56 57 52 54 54.75 

Baseline 

use (kWh) 

Period 1 1827.86 2824.72 1303.28 4515.96 2617.95 

Period 2 984.94 1858.62 521.14 899.51 1066.05 

Intervention 

use (kWh) 

Period 1 1835.82 2730.00 1272.73 2563.19 2100.44 

Period 2 1035.65 1172.00 535.24 1314.67 1014.39 

Period 3 777.50 708.48 364.71  616.90 

Proportional 

Change  

score 

Period 1 1.004 0.97 0.85 0.57 0.85 

Period 2 1.05 0.63 1.02 1.46 1.04 

Mean 1.03 0.80 0.94 1.02 0.95 

Change 

score 

Period 1 -7.96 94.72 30.55 1952.7 517.50 

Period 2 -50.71 688.82 -14.1 -415.1 52.23 

Total  -58.67 781.54 16.45 1537.6 569.23 
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Mean proportional change scores of 0.85 and 1.04 for period 1 (intervention 1 

compared to baseline 1) and period 2 (intervention 2 being compared to baseline 2) 

respectively indicate that participants reacted very differently during the first and 

second interventions. The graph in Figure 3.2.3 shows each participants pattern of 

electricity use throughout the course of the study. 

 

 

Figure 3.2.3: KWh Electricity Used against Baseline/Intervention Period for 

Each Participant in Group 3 

 

A general trend towards lower use by Intervention 3 is evident from the graph in 

Figure 3.2.3. Participants Q and T made the most savings, with total change scores of 

781.54 kWh and 1537.6 kWh respectively, though participant T used a considerable 

amount more electricity during his second intervention than during his second 

period
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baseline (415.1 kWh), though this was still less than used in baseline 1. Participants P 

and S were least successful in saving overall, participant S had a total change score of 

only 16.45, and participant P used 58.67 kWh more electricity during the first two 

interventions than during the first two baseline periods. These two participants had 

much lower baseline electricity use than the two higher savers in this group, Q and T 

(see Table 3.2.5). In terms of kWh baseline use of all participants, participant S was 

fourth lowest of all 19 participants with a baseline use 854.24 kWh below the group 

mean of 2157.52 kWh, and participant P had a baseline use 329.66 kWh below the 

group mean. 

 

What has emerged from Group 3 is that responses to a change from the intervention to 

the baseline state were variable both between participants and between stages of the 

research. Below are line graphs for each participant in Group 3 to illustrate more 

clearly the individual path followed by each participant in their attempts to reach the 

goal of lower electricity use.  Electricity use in these graphs is also presented in the 

context of the time of year that each intervention or baseline period occurred.  

 

 

Participant P 

 

As can be seen from Figure 3.2.4, although Participant P had an overall change score 

of -58.67, a steady reduction in energy use can be seen throughout participation. 

Baseline 1 was lower than intervention 1, but only by 7.96 kWh, perhaps representing 

an attempt to keep levels of use achieved by using the monitor ongoing in its absence. 

This could be perceived as supporting Darby‟s „tacit knowledge‟ hypothesis (see 

discussion). The biggest drop in use occurs during Intervention 2, which lasted from 

the beginning of October to the middle of December. This is especially noteworthy 

since we would normally expect energy use to rise in the autumn-winter comparative 

to the preceding intervention and baseline periods over the summer. Again, during 

Baseline 2, the drop in use achieved during Intervention 2 was maintained and added 

to, with a more significant change of -50.71 kWh. Since Baseline 2 occurred between 

the middle of December and the start of March, this effect has probably been 

obscured by a rise in use normal around Christmas time. A possible explanation may 

be that the occupants of this household were frequently absent, perhaps visiting 
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relatives over Christmas. However the further drop in use seen during Intervention 3, 

beginning in March, makes Darby‟s tacit knowledge theory seem a more fitting 

explanation in this case.    

 

 
            Intervention 1       Baseline 1     Intervention 2      Baseline 2    Intervention 3 

 

Figure 3.2.4: KWh Electricity Used against Baseline/Intervention Period for 

Participant P 

 

 

Participant Q 

 

Participant Q used a total of 781.54 kWh less electricity during intervention than 

during baseline periods. As with participant P, the biggest drop in use occurred during 

intervention 2 (see Figure 3.2.5), and again this intervention spanned the Christmas 

period. The jump to higher use during Baseline 1 may be due to this period coinciding 

with the start of autumn, however this participant showed successive cumulative 

drops in use with each intervention, but distinct returns to higher baseline use, even 

after the second intervention. 
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 Intervention 1     Baseline 1 Intervention 2     Baseline 2          Intervention 3 

 

* This participant was on holiday between the end of intervention 1, on the 10
th

 of July, and the 

beginning of baseline 1, on the 6
th

 of august. 

 

Figure 3.2.5:  KWh Electricity Used against Baseline/Intervention Period for 

Participant Q 

 

 

Participant S 

 

As can be seen from Figure 3.2.6, electricity use was higher in Baseline 1 than 

Intervention 1, and then once again level of use was sharply lowered during 

intervention 2, although for Participant S, the second intervention began on the 6
th

 of 

December, and spanned the Christmas period (in contrast to Participant P for whom 

this intervention began on the 6
th

 of October and did not include Christmas, and 

Participant Q, for whom it did include the Christmas period but began on the 3
rd

 of 

November). Although the overall change score, comparing electricity use during the 

first 2 interventions with use during the 2 baseline periods, was a low 16.45 kWh for 

29.04.1001.02.1003.11.0906.08.09*16.05.09

k
W

h
 e

le
c
tr

ic
it
y

 u
s

e
d

3000

2000

1000

0



 90 

this participant, from the graph in Figure 3.2.6 we can clearly see a pattern emerging 

of gradual but significant reduction in use over the duration of the research.  

 

 

 
           Intervention 1 Baseline 1      Intervention 2      Baseline 2      Intervention 3 

 

Figure 3.2.6: KWh Electricity Used against Baseline/Intervention Period for 

Participant S 

 

  

Participant T 

 

Participant T completed only 2 intervention and 2 baseline periods, and did not 

complete the third intervention period. The overall change score indicated high 

savings form this participant of 1537.6 kWh, although high initial levels of use 

(4515.96 kWh for baseline 1) gave a less impressive proportional saving score of 

1.02. This participant used the Economy 7 electricity tariff, and, previous to 

participation, kept his own records of electricity use by quarter on a spreadsheet. 

From this one might conclude he was already both motivated and already acting on 

conservation. Yet after Intervention 1, levels of use during baseline 1 rose by 1952.7 
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kWh, although for this particular participant this period did cover the Christmas 

season, over which, anecdotally, people report using higher levels of electricity due to 

decorative lighting and increased presence in the home and cooking over holidays. 

Despite this spike in use during Baseline 1, Intervention 2 and Baseline 2 followed the 

same pattern as for the other 3 participants, a considerable drop in use during 

intervention 2, which was maintained, and even improved during Baseline 2 

 

 

Figure 3.2.7: KWh Electricity Used against Baseline/Intervention Period for  

Participant T 

 

A clear pattern emerges from the above pictures of individual electricity use during 

the study (see Figures 3.2.4 – 7) - participants gradually move from higher to lower 

use by the end of the 10 month study, and although they do not all use significantly 

less electricity during their first intervention than during their first baseline, 

intervention 2 shows a sharp drop in electricity use. On balance these findings seem to 

support Darby‟s (2006b) tacit knowledge theory. Even though some baseline periods 

did show a rise, the above graphs could not reasonably be taken to demonstrate a clear 

„return to baseline‟ pattern. Hypothesis 3 is therefore supported, though somewhat 

anecdotally due to small sample size precluding the use of statistical tests.    
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3.2.5: Factors Influencing the Effectiveness of Interventions 

 

A number of variables were explored to determine their influence on the 

successfulness of the interventions. The sample size for each group was too small to 

conduct group-by-group analysis in an attempt to identify the reasons why response to 

interventions differed between groups and between participants, however NEP scores, 

baseline electricity use and number of people resident in participating households 

could all be examined in terms of their relationships to proportional change scores.  

 

 

 

Figure 3.2.9: Proportional Change Score against kWh Baseline Electricity Use 

 

Pearson‟s r test of correlation indicated that there were no significant relationships 

between proportional change scores and NEP scores (r (17) = .219, p = .368); or 

proportional change scores and number resident in household (r (17) = -.146, p = 

.563). There was, however, a significant relationship between baseline electricity use 

and proportional change scores (r (17) -.472, p< .05) (see Figure 3.2.9). This means 
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that over the 3 groups tested, the higher the baseline electricity use, the more 

electricity was saved. NEP score did not correlate significantly with kWh baseline use 

(r (17) = .175, p = .473) in this sample, this is unsurprising given unfolding 

complexity of the relationship between pro-environmental attitude and actual 

behaviour (see Section 1.2.3 of the literature review).  

 

See output 3.2.2, in Appendix 4, for full output of tests of correlation.  
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3.2.6: Summary of Findings in Relation to the Literature 

 

An initial t-test failed to show a significant difference between levels of electricity use 

during the intervention and during the baseline, however when each group was 

examined separately, a pattern of response to the interventions emerges indicating that 

many participants did actually reduce their electricity use significantly. 

 

Participants in Group 1 saved electricity, except for two members so their group, 

participants E and G. The mean saving amongst the four households who did use less 

electricity during their intervention than during their baseline periods was £59.99 

(13.82%). The general trend towards reducing electricity use is again unsurprising in 

terms of the literature on the effectiveness of feedback, which indicates expected 

savings in the region of 5-15% (Darby, 2006a; Ehrhardt-Martinez, Donnelly and 

Laitner, 2010) Of the two participants who did not save- participant G did not use 

much more electricity during his baseline, but participant E, who used a lot more 

electricity during intervention, also had high initial baseline level of use, this seems to 

contradict the findings of Brandon & Lewis (1999), that high initial users should save 

more electricity when given feedback. However, any conclusion based on one 

participant alone would be highly speculative. Despite the influence of participant E 

on overall savings, the mean saving was £30.25 (9.45%) per household, well within 

the expected range for use of feedback. This finding contributes to the literature as a 

demonstration of the effects of feedback maintained over a prolonged period (5 

months of intervention), as previously research on maintenance of feedback-related 

behavioural change over long periods of time was reportedly lacking (Lehman & 

Geller, 2004)  

 

Participants in Group 2 used less electricity during their initial 5 month baseline than 

during the 5 month intervention that followed. In a reversal of the effects of Group 1, 

Group 2 had a mean increase in use during intervention of 14.21%.  Participant O, the 

only participant who actually reduced their electricity use during intervention in this 

group, had very high levels of use during baseline. If the effect of participant O, who 

reduced electricity use during intervention, is discounted, the mean increase in use 

during intervention in Group 2 was 22.74%. 
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Group 1, whose intervention was „successful‟ in that they used less electricity during 

than during their baseline period, had a mean baseline level of use of 2246.45 kWh. 

Group 2, who used more electricity during intervention than baseline (minus 

participant O, who did save) had a lower mean baseline level of use of 1644.09 kWh. 

This would seem to support the findings of Brandon and Lewis (1999) that users with 

lower initial use levels reacted unfavourably to feedback interventions by increasing 

their electricity use, however it should be noted that the difference between the 

baseline use levels of Groups 1 and 2 in the current study were not statistically 

significant. This lack of significance may simply be a reflection of the low statistical 

power achieved with such as low sample size, and it should be noted that the 

correlation between proportional change scores and levels of baseline electricity use 

was statistically significant. Participants with higher baseline levels of use saved more 

electricity as a proportion of how much they used. Because a proportional change 

score was used, not merely a change score, this is effect is not just a statistical 

artefact, but may represent a real pattern where high electricity users respond better to 

intervention. Overall, these findings are supportive of the findings of Brandon & 

Lewis (1999), that participants with high initial levels of use reduced electricity use 

during feedback interventions, while initially low level electricity users increased 

their use during feedback interventions. 

 

Participants in Group 3 followed a pattern of response that showed a significant drop 

in electricity use during the second intervention phase, and although some participants 

did not always use more during each baseline than during the intervention which 

preceded it, they all moved towards lower levels of use during the last intervention 

period than during the first. Their electricity use did not fit a pattern of „return to 

baseline‟ when the intervention was removed. The three participants who completed 

all 5 research periods (2 baselines and 3 interventions) had a mean reduction in use of 

33% between the first and the third intervention periods. This pattern of results 

supports Darby‟s (2006b) hypothesis that feedback on conservation performance 

leads to increases in participants‟ knowledge about energy use, therefore producing 

„learning‟ that can be maintained even when the feedback is removed.  
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Chapter 4 

 

Discussion 
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4.1.1: Outline of the Discussion 

 

This project began as an experimental investigation built on the assumption that 

performance feedback was the solution to reducing electricity use. From the 

surprising results of Study 1, showing that goal-setting alone was as effective as 

feedback, through the re-design of my method into a new approach for Study 2, and 

the unexpected patterns of electricity use it uncovered- the common factor has been 

the unfolding complexity of the human response to the presence of performance-

feedback.  

 

Study 1 originally aimed to show that adding a conservation goal to feedback would 

multiply its effectiveness, and Study 2 aimed to illustrate the effectiveness of 

feedback through a demonstration of a return to baseline levels of behaviour once the 

intervention was removed. Neither study produced the expected results, but both 

resulted in statistically significant findings. In this final chapter, the results of the first 

and second studies will be discussed in the context of other research findings, and any 

implications they may have for the development of theory, as well as their limitations 

and potential for improvement. Lastly, the findings will be discussed in terms of 

current energy policy in the UK. 

 

 

4.1.2: Study 1 

 

Study 1 provided a demonstration of the effectiveness of feedback in reducing energy 

use in the short term. Participants in the feedback condition saved a mean £8.34 

(17.13%) each over the month-long intervention, but participants in the goal-setting 

only group saved a mean £13.17 (17.12%) each, although the difference between 

groups was not significant, it was surprising to find that goal-setting was as effective 

an intervention as feedback. This study showed that significant conservation was 

possible in a short space of time within an uncontrolled home environment, and that 

the adoption of a freely available electricity payment option could act as an effective 

conservation intervention. This study was limited mainly by low sample size. 

Although intended as an opportunity to refine sample size calculations for another 

study, in retrospect, the hypotheses stated were too numerous and ambitious to be 
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properly tested within this small study (see Section 2.2.3 for statement of 

hypotheses). The study achieved a sample size of only 24, to test all the intended 

hypotheses at the conventionally accepted power level of 0.8, 193 participants would 

have been necessary. The main hypothesis in Study 1 was that combining feedback 

with goal-setting would produce higher savings than using either method alone. On 

reflection, the design of a study to test such a hypothesis was based on the assumption 

that feedback works, and therefore to add to the current state of knowledge one must 

show how the success of feedback can be added to with other techniques. Further 

exploration in the area of feedback studies, and reflection on the results of Study 2 

have now led to the conclusion that the more timely research question would be how, 

when, and in what contexts feedback works 

 

 

4.1.3:  Attrition 

 

In Study 1, the attrition rate was 66% for participants in the Combined Group, 18% in 

the Goal-setting Group, and 9% in the Feedback Group. The attrition rate was 

extremely high for the Combined Group, and this may reflect the fact that these 

participants were asked to sign goal-setting commitments, they did not truly self-

select into this group. They may therefore have rated the effort investment on their 

behalf of taking part as higher, and so been more likely to drop out.    

 

In Study 2 only four house-holders completed participation in Group 3, and one of 

these had to be discounted due to errors in meter reading. This left only three 

participants with complete usable data for all 5 research periods (2 baselines and 3 

interventions), and then one other participant who gave data for 2 interventions and 2 

baselines. Fourteen participants were originally recruited into group 3, but the attrition 

rate was high in this group, at around 71%. As in Study 1, this may be because 

participants in this condition perceived themselves as making a greater effort 

investment than participants in the other groups. The attrition rates in groups 1 and 2 

were 54% and 46%, respectively. 

 

 



 100 

4.1.4: Study 2 Results- Groups 1 and 2 

 

Study 2 was initially conceived of as an opportunity to use a combination of 

counterbalancing of presentation of interventions, and a reversal design, in order to 

make this test of feedback‟s effectiveness as rigorous as possible under a behavioural 

paradigm. As noted above, the results were surprising, and each order of presentation 

of interventions resulted in very different outcomes. 

 

In Group 1, where an intervention was applied for 5 months, followed by a removal of 

the feedback intervention for a 5 month return to baseline period, a 9.54% mean 

saving was achieved, which is in line with the estimates of a 5-10% reduction from 

direct feedback (Darby, 2006a) and a 9.2% reduction from „real-time‟ aggregate 

feedback (Ehrhardt-Martinez, Donnelly and Laitner, 2010) from two recent and wide-

ranging reviews.  

 

In concurrence with previous research, proportional change scores correlated 

significantly with baseline electricity use, indicating that those with higher levels of 

baseline use saved more after receiving feedback (Darby, 2006a; Brandon and Lewis, 

1999). Participants in Group 2, who underwent a 5 month baseline period, followed 

by 5 months of feedback, had a mean increase in use of 14.24%. This may be related 

to the findings of Brandon and Lewis (1999), who found that feedback resulted in 

reductions in use for higher users, but a 10.73% increase in use for lower users. The 

mean baseline use for participants in group 2 was approximately 25% lower than that 

of group 1. Although this difference was not found to be significant in this case, this 

was perhaps due to low power ((1-β) = 0.37 to detect a medium effect size of 0.3, 

with an alpha rate of .05, calculated using the G-power program, Faul, et al., 2007). 

Unfortunately, a significant limitation of this study was that this lack of power means 

there is no way to determine whether increases in use during the intervention were 

due to Group 2 being predominantly made up of already low users, or due to the order 

of presentation of the baseline and intervention.  
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4.1.5: Why Low Users Increase Use-The Possible Influence of Social Norms 

 

Why do users with lower initial levels of electricity use increase their use when given 

feedback? One explanation is that feedback improves performance in relation to 

reaching ones goals, and these personal goals can differ widely amongst groups and 

even individuals. Although the stated simple goal of a participant in an energy-related 

study may be to reduce energy use, the reality may be more like a complex interaction 

of goals perhaps including maximising personal comfort, minimising the impact of 

financial constraints, minimizing „cognitive dissonance‟ by acting in accordance with 

stated values (Thogersen, 2004), and the often unconscious goal to conform to social 

norms. Asch (1956, cited in Hewstone and Stroebe, 2001) in his now infamous line 

identification experiments demonstrated the power the urge to conform holds over 

human behaviour. Nolan (2008) cited two studies that show reductions in 

environmentally wasteful behaviour through the use of normative messages; Schultz 

(1999, in Nolan, 2008) who demonstrated increases in curbside recycling, and 

Goldstein, Cialdini and  Griskevicius (in press, cited in Nolan, 2008) who 

demonstrated a 28% increase in towel reuse in hotels, both through use of normative 

messages. Nolan also demonstrated the power of normative messaging on reducing 

energy use in a group of Californian householders. Interestingly, before the normative 

messages were employed in this study, householders from the same population pool 

rated normative messages as least influential over their own behaviour from a list of 

four potential influences. Respondents in the area rated „environmental protection‟, 

„benefits to society‟ and „saving money‟ all as more influential than „because other 

people are doing it‟. The second part of this study then went on to demonstrate that 

messages printed on door hangers telling householders that other people in their 

neighbourhood carried out specific energy-saving behaviours led to lower energy use 

than messages about environmental and societal benefits, saving money, or 

information-only messages simply suggesting how energy could be saved (Nolan, 

2008). 
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4.1.6: Political and Cultural Influences on Energy Use 

 

The American Council for an Energy Efficient Economy (ACEEE) conducted a meta-

review of 57 energy conservation feedback studies worldwide, spanning 35 years. 

This included an interesting analysis on temporal and regional influences on feedback 

effectiveness, the results of which may provide us with further examples of the 

influence of „norms‟ or culture on feedback effects. In this analysis, feedback studies 

were grouped according to the „era‟ in which they were carried out. Two main energy 

conservation eras were identified- the „energy crisis‟ era in the 1970s sparked by the 

1973 OPEC embargo, and the more recent „climate change era‟, from 1995- the 

present. They found that feedback studies in the climate change era show lower 

savings than those conducted in the energy crisis era, although feedback studies in 

Western Europe during the climate change era induced higher savings than those in 

the USA during this time. This regional effect is attributed by the (American) authors 

as probably due to differences in culture and political leadership (Ehrhardt-Martinez, 

Donnelly and Laitner, 2010).  

 

 The prevailing culture in American following recovery from the 1970s energy crisis 

has been one of unbridled consumerism, accompanied by concomitant increases in 

energy use. During the period 1980-2000 electricity use rose by 47% in the European 

Union (EU), but by 73% in the United States (Kumar, 2006), and per capita energy 

use in the states was estimated at 334.6 million Btu (British thermal units
5
), versus 

146 million Btu in Europe in 2006 according to the US Energy Information 

Administration (EIA, 2010). Concern and knowledge about climate change have been 

found to be quite similar amongst citizens of the US, and many European countries. 

Gallup „Health of the Planet‟ polls taken in 1992 and 2001 show that the majority of 

citizens in both areas recognize climate change as a problem, though one that is low 

on their list of concerns, and citizens remain similarly “largely uninformed” 

(Brechlin, 2003 p125) about its causes in both areas (Dunlap, Gallup and Gallup, 

1993; Carroll, 2002 both cited in Brechlin 2003). However, reactions to the Bush 

Administrations‟ withdrawal from the Kyoto Protocol agreement on carbon emission 

reduction targets differed markedly in the US and European countries. In America 

                                                      
5 British thermal units (Btu) can be converted to kWh by dividing number of Btus by 3,142. 
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only 44% of respondents in the Pew Research Centre public opinion poll disapproved 

of this policy decision, whereas disapproval ranged between 83-87% in Great Britain, 

Italy, Germany and France (Pew Research Centre, 2001 cited in Brechlin, 2003). The 

encouragement of American citizens towards continuing to increase, rather than 

decrease, their consumption at any odds was given clear voice in the now infamous 

speech by President Bush in 2006 when he said: 

…we must also work together to achieve important goals for the 

American people here at home. This work begins with keeping our 

economy growing…And I encourage you all to go shopping more (New 

York Times, 2006) 

The examples above of polls showing support to withdraw from the Kyoto accord, 

and the exhortation by a two-term president to increase consumption provide some 

anecdotal support for the idea that political and cultural differences between the US 

and Europe influence their response to energy-use feedback. 

 

 

4.1.7: The Effect of Price on Energy Use 

 

During the 1970s energy crisis in America, the price increase, and indeed the fear of 

further price increases may also have contributed to larger savings in feedback 

studies. How much does price influence energy use? A study by Heberlien and 

Warriner (1983) suggested, perhaps, that it is not very important. Participants were 

exposed to on and off-peak differences in electricity price of either 2:1, 4:1 or 8:1 for 

three years. There was a small difference in the amount of residential on-peak 

electricity consumption between the 2:1 and 8:1 groups, but price ratio accounted for 

only 2% of the variance in electricity use, whilst 11% of the variance was explained 

by whether or not the household considered saving electricity a „moral obligation‟, 

and the effects of „moral obligation‟ were not significantly compounded by price 

ratio. However, as Gardner and Stern (2002) pointed out, price effects may have been 

weakened by low customer awareness of the size of the price incentive to shift use to 

off-peak periods. In a summation of the role of financial incentives for their textbook 

„Environmental Problems and Human Behaviour‟, Gardner and Stern conclude that, 
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to be effective “price increases had to be supplemented by policies that supplied 

information and additional incentives” (2002, p.115). They even go so far as to list 

“strong financial incentives are sufficient to encourage pro-environmental behaviour” 

as a „myth‟ about environmental problems, and “seriously misleading” (Gardner and 

Stern, 2002, p.5 and 6). 

 

 

4.1.8: Suggested Mechanism for the Influence of Norms on Feedback Response- 

„The Compensation Effect‟ 

 

Participants in Group 2 of the wireless monitor study signed a commitment of their 

intention to save energy when they began their 5 month baseline. When their wireless 

monitors finally arrived, perhaps the feedback they saw showed them as having 

surprisingly low use in relation to their expectations, especially since they may have 

already changed some bad energy habits after signing the goal commitment. This may 

have caused a „compensation‟ reaction in which they felt they had reached, or even 

surpassed social norms of conservation effort, and so, they could reward themselves 

by making upwards adjustments to their levels of comfort and convenience at home. 

 

This „compensation effect‟ hypothesis highlights a limitation of the second study- the 

„baselines‟ used all took place after at least one intervention had already occurred. 

These were not then true „baselines‟ at all. This design did not allow for separation of 

the effects of the goal-commitment alone from simple absence of the feedback, so it 

was not possible to distinguish whether participants had initially lowered their use 

after making a goal-commitment, and thus rewarded themselves with more energy use 

once feedback allowed them to see how much they had saved see Figure 4.1.1).  
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Figure 4.1.1: Suggested Sequence of Changes in Energy Use Before and After 

Feedback in Relation to Perceived Social Norms in Group 2 

 

 

However, as Ehrhardt-Martinez, Donnelly and Laitner (2010) noted, there does not 

seem to be any current widely-accepted idea of a social norm of energy use.   

 

The invisibility of modern energy resource [also] impedes the 

establishment of social norms concerning “appropriate” level of energy 

consumption. Not only are most energy consumers blind to their own 

level of energy consumption, but they are also equally unaware of the 

energy consumed by others. Without an appropriate frame of reference, 

individuals and households have a hard time determining whether their 

patterns of energy consumption are excessive or moderate and whether 

some type of intervention is warranted. (Ehrhardt-Martinez et al. 2010 p2)  
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4.1.9: Study 2 Results- Group 3 

 

The four participants in Group 3 showed very similar patterns of response to their 

alternating schedule of intervention and baseline periods. A sharp decline in use 

during Intervention 2, following the first „return to baseline‟ period was evident in 

each of the participants. Although some used slightly more during Baseline 1 than 

during Intervention 1, the mean reduction in use from Intervention 1 to Intervention 3 

for the three participants who completed each stage was 33%, a considerable drop, 

especially considering this was comparing subsequent interventions with former ones 

to show their enhanced effect, not comparing interventions with actual baselines. The 

participants in this study very clearly did not show the predicted „return to baseline‟ 

pattern of use when their source of feedback was removed. Learning-based models of 

feedback effects, such as Darby‟s (2006b) social learning theory, are supported by this 

data.  

 

Darby (2006a) reports that feedback-induced reductions in energy use are likely to be 

maintained where new behaviour habits are formed, as in the West Lothian Energy 

Advice project discussed in the literature review (see Section 1.2.9), where if 

conservation behaviours were maintained during the first three months of the project 

then they were likely to still be maintained after a year (West Lothian Energy Advice 

Project 1994, 1995, cited in Darby, 2006a). Wilhite and Ling (1995) conducted a 

three-year study of indirect feedback through more informative and frequent billing. 

Year one served as a baseline, and year two showed a 7.6% reduction compared with 

controls, and year three showed an even greater 10% reduction.  

 

The ACEEE meta-review mentioned in section 4.1.5 also looked at influence of study 

size on feedback effect and found that reported savings in feedback studies using 

larger numbers of participants receiving feedback (classified as n >100) resulted in 

average saving of 6.6%, while smaller studies (n < 100) resulted in an average saving 

of 11.6% (Ehrhardt-Martinez, Donnelly and Laitner, 2010). The Ehrhardt-Martinez, 

Donnelly and Laitner meta-analysis also found that although savings seemed higher in 

shorter than in longer duration studies (10.1% average versus 7.7%), this did not 

necessarily reflect lack of persistence of feedback effects, but instead may be due to 

the tendency of longer studies to also employ larger and more representative samples. 
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They conclude, from the balance of evidence from the twenty-seven studies reviewed 

that examined persistence, that conservation effects are frequently persistent, though 

they may sometimes disappear if the feedback is removed.  

 

The persistence of feedback effects in Study 2 fits with Darby‟s theory that feedback 

helps energy users to „learn‟ about energy efficiency (2006b). The pattern of energy 

use seen in Group 3 of the second study, also supports a „learning‟ interpretation, 

since participants in this group show cumulative drops in energy use, though it does 

not necessarily support a social learning interpretation over a behavioural, or any 

other type, of learning theory. However, in order for research into producing the most 

successful feedback interventions to progress it may not be necessary to distinguish 

between useful theories as it is to distinguish between useful models. The findings of 

the second study in the context of previous feedback studies discussed above suggests 

that a model where participants are perceived as learning about energy use through 

feedback, such that their skill in conservation may increase with increased exposure, 

and also may be retained even where feedback is removed, is the most useful model to 

keep in mind for the design of future studies and interventions. 

 

 

 

4.1.10: The UK Smart Metering Working Group 

 

The UK Smart Metering Working Group was established in 2001 by the then minister 

for e-commerce, Patricia Hewitt, to explore the potential impact of increasing use of 

smart meters in the UK. „Smart‟ meters are utility meters that have enhanced display 

capabilities, usually involving a display of energy used in monetary terms, and often 

historical comparisons with the previous day, week, month etc. Many smart meters 

can also be read remotely for accurate distance billing and may even connect with the 

internet. As such, smart meters are the forefront of feedback technology. They can 

provide complex comparative feedback, and are currently the most likely option for 

the provision of wide-scale direct feedback on everyday energy use. At their set-up, 

the Smart Metering Working Group‟s projection of the conservation potential of 

widespread use of smart meters was “reductions in domestic consumption of 5-10 per 

cent…on an annual basis…reductions in domestic fuel bills by an average of £24” 
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(based on a 5% reduction on an average bill of £535 per year in 1999, SMWG, 2001). 

These estimates seem that they are in agreement with Darby‟s estimates of reductions 

in the range of 5-15% for direct feedback (Darby, 2006a), and estimates of 4-12% 

reductions from real time feedback by the ACEEE (Ehrhardt-Martinez, Donnelly and 

Laitner, 2010). 

 

The Department for Energy and Climate Change (DECC), together with Ofgem (the 

Office of the Gas and Electricity Markets) have now jointly published a plan to roll 

out smart meters across Great Britain by 2020 (DECC and Ofgem, 2010).  Smart 

meters are seen an integral part of a new approach to energy load management- the 

Advanced Metering Infrastructure (AMI), within which the provision of more direct 

energy use feedback is seen as only one of many advantages. Within an AMI ,smart 

meters will also communicate information back to suppliers concerning load 

demands, which can lead to more efficient production of electricity, eliminate 

estimated bills, and are also envisaged to lead to the provision of more tailored, and 

therefore more effective energy efficiency advice (DECC and Ofgem, 2010). 

 

However, there are several potential pitfalls to a smart meter roll-out, identified by 

Darby (2010): She describes a social „backlash‟ against imposed use of smart meters 

in the Netherlands and some areas of the USA due to public perceptions that bills had 

increased, or that smart meters represented an invasion of privacy; the limited 

potential of feedback alone to improve efficiency for either those who already see 

themselves as efficient or those who are not concerned about using less energy; that 

smart meters may not achieve enough savings over an above those achieved by more 

accurate billing (e.g. Wilhite and Ling, 1995) to justify their extra expense, however 

she does note that trials to assess the impact of smart metering are currently underway 

and that stakeholder workshops are also being held to try to identify and resolve any 

issues of concern for the public. Darby echoes Hargreaves‟ concerns arising from a 

qualitative study of smart-meter users, that feedback occurs within a social and 

cultural context, and that this context can have important implications for its 

effectiveness (Hargreaves, 2010, cited in Darby, 2010). 
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4.1.11: Using Behavioural Interventions for Environmental Field Research 

 

As described in Sections 2.3.1- 2.3.3, practical problems hindered attempts to 

complete collaborative research with other organizations working in the field of fuel 

poverty ( in this case NIE Energy and EST). The primary problem was (as ever in 

research) recruitment, but in attempting to carry out research in partnership with 

outside organizations it also became clear that the interests of scientific enquiry are 

not always compatible with the interests of other organizations. An example of the 

ideological differences that makes such collaboration difficult is that when EST 

changed their promotion from encouraging the „save your 20%‟ conservation 

commitment to encouraging the public to sign up for individual home energy audits 

instead, this was not perceived by them as likely to have an impact on the research 

project. From an academic point of view, the exact content of the campaign was 

crucial- once EST changed publicity material from promoting a goal-setting 

commitment to promoting a home audit, their campaign became completely 

incompatible with the intervention under study.  As well as suffering from ideological 

differences between academics and non-academics, field research is hindered by 

“threats to valid inference that arise when major features of laboratory research with 

humans are not present” (Cook & Campbell, 1979, p 1). On the other hand, highly 

controlled, laboratory-based research can also be criticised as lacking real-world, or 

„field‟ validity. Behaviourists have attempted to walk the line between having field 

validity and also having experimental control by using intervention-based research, 

but control is often only achievable in such studies through the use of a single 

research participant (thereby holding many factors such as learning history, etc. 

constant). Yet single-subject design brings us back to the problem of limited 

generalizability. It seems that the pertinent question may be „is truly valid field 

research is possible at all?‟ Although each method of research has its weaknesses, this 

does not mean that none are worthwhile. The best practice is to carry out research 

with as much rigour as is possible and appropriate given the research type, and then 

remain mindful of the particular weaknesses of the favoured methodology when 

interpreting the results. Lessons learned from this attempted collaboration were: 1.) 

not to assume understanding of research principles or designs, but to explain all 

intended procedures and analyses at the outset of any research project, and 2.) 

undertaking time-limited research with outside organisations can lead to an inefficient 
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use of resources through the termination of unfinished projects. A suggested general 

rule of thumb for conducting collaborative research in the field is that the more 

organisations that are involved, and the more uncontrollable factors predicted to 

influence progress, the more extra time should be allocated to the project to allow a 

generous margin of error for overcoming unforeseen problems. 

 

 

4.1.12: Conclusions 

 

Studies One and Two have both added to the extensive literature providing support 

for the usefulness of feedback as a behavioural change technique in reducing energy 

use. However, the results of Study 2 show that the context in which feedback is 

presented can significantly affect its usefulness, and may even prove 

counterproductive if introduced in unfavourable circumstances, or to already low 

level consumers, as it did for the participants in Group 2. 

 

Reflecting on their thorough and wide-reaching review, Ehrhardt-Martinez, Donnelly 

and Laitner (2010) eventually conclude that:  

 

Feedback gadgets alone are unlikely to maximise household savings. 

Instead, the most effective forms of feedback are likely to include both 

products (meters, displays, and other devices) and services (compilation 

of data, targeting and tailoring of recommendations, etc) (p. V)  

 

As noted in sections 4.1.5 and 4.1.8, although social norms can influence how much 

energy we use, the largely invisible nature of energy use means that we are less aware 

of how much energy ourselves and others are using. The lack of pre-existing, well 

established, energy use norms may provide a very important opportunity for policy 

makers to consciously shape the development of such norms in the future. In the 10 

years left before direct feedback becomes ubiquitous through the planned smart-meter 

roll out, policy makers must focus on the development of sustainable energy use 

norms in order to ensure the resources expended on putting direct feedback in every 

home in Britain result in maximum energy reductions. 
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Appendix 1 

 

Materials for Study 1: 

 

Keypad meter instructions 

Example EST commitment card 

Example consent form 

Example information sheets 

Example NEP scale 

Email recruitment messages 
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Consent Form 

Project Title:  

Using Behavioural Analysis to Reduce Domestic Energy Costs in Northern 

Article I. Ireland: Feedback and Goal-Setting as Energy-Saving Interventions 

Section 1.01 Chief Investigator: Professor Julian Leslie, University of Ulster 

Other Investigators: Patricia Watson (University of Ulster), Wilma Stewart (Northern Ireland 

Electricity service), Orla Ward (Energy Saving Trust)  

(a) Please Initial 

 I confirm that I have been given and have read and understood     [ ] 

the information sheet for the above study and have asked and  

received answers to any questions raised 

 

 I understand that my participation is voluntary and that I am free to   [ ] 

Withdraw at any time without giving a reason and without my rights  

being affected in any way 

 

 I understand that the researchers will hold all information and data    [ ] 

collected securely and in confidence and that all efforts will be made to  

ensure that I cannot be identified as a participant in the study (except 

as might be required by law) and I give permission for the researchers to  

hold relevant personal data 

 

 I agree to take part in the above study       [ ] 

(i) Name of Participant     Signature   Date 

 

------------------------------------------     ---------------------------------------  ------------------------------------ 

(ii) Name of person taking consent   Signature   Date 

 

------------------------------------------      ---------------------------------------  ------------------------------------ 

(iii) Name of Researcher        Signature   Date 

 

------------------------------------------      ---------------------------------------  -------------------------------- 
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Reducing Domestic Energy Consumption in Northern Ireland:  

Participant information sheet for Keypad Users- Pilot Study 

 

You are being invited to take part in a research study. Before you decide whether or 

not to take part it is important that you understand what the research is for and what 

you would be asked to do. Please read the following information and do not hesitate 

to ask any questions about anything that might not be clear to you. Make sure you are 

happy before you decide what to do. Thank you for taking the time to consider this 

invitation. 

 

This study aims to help households in Northern Ireland to cut down on their 

electricity use. This should help households to reduce electricity bills. Reducing 

carbon emissions helps slow down global warming, and reduce the harmful effects of 

climate change. 

 

Usually when energy is produced, carbon is released into the atmosphere. This speeds 

up global warming, which can lead to many harmful effects such as flooding and crop 

failure. We all need energy, and use it every day, but how much?  

 

A lot of the energy we use in our homes is in the form of electricity.  Householders are 

often not aware of how much energy they are using and how to cut down on the 

amount they use.    

 

You have been selected to receive information about this research because you have 

decided to switch to a keypad meter. Getting regular feedback about electricity use 

can help us use less. By simply using your new keypad meter to check how much 

electricity you are using, you can spot sources of high consumption and possibly 

reduce your bills. 

 

The study you are being invited to take part in is a pilot study. This study will run for 

one month, and if successful will lead to a similar study lasting for a full year. 
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Agreeing to take part in the pilot does not mean you have agreed to take part in the 

main study. 

 

Participating in this pilot would involve: 

- Circling answers to a number of short questions on your attitude to the 

environment (or answering these questions via telephone if preferred) at the 

beginning of the research, and one month later. 

- Either reporting electricity use readings from your new meter via telephone, 

or allowing your meter to be read at the beginning and end of the research. 

- Allowing NIE to provide a record of your previous electricity use. (This will be 

in the form of the units of electricity used only, and will not involve any 

personal billing information). 

 

Households who feel they could save a large amount of the energy used at home can 

take part in an additional part of the study, which involves making a written 

promise/commitment to try their best to save 20% of their electricity use.  

 

At the end of the study (one month after the start date) the researcher will stop 

collecting meter readings and giving out questionnaires. The households who 

participated will then of course be free to continue using their keypad meter, or 

making energy-saving commitments if they wish. The information gathered in this 

pilot study will be used to design a follow-up study. The follow-up study will be very 

similar, but last for a year, and when concluded will be written up to form part of a 

PhD thesis, and some overall results may be published. No names will be published 

or presented in the thesis, and every effort made to make sure people who have taken 

part in the research cannot be identified in any reports. 

 

 

Any personal information and responses to questionnaires gathered will be treated 

as strictly confidential, and so will only be seen by members of the research team 

from the University of Ulster, Northern Ireland Electricity service and the Energy 

Saving Trust. The University of Ulster will act as the sponsor of the research, and the 

University of Ulster complies with all the provisions of the Data Protection Act. 
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Thank you for taking the time to read about this study. Participation is entirely 

voluntary- you do not have to participate, and even if you do you have the right to 

withdraw at any time.  

 

If you would like your household to take part in the study, or would simply like to find 

out more, please do not hesitate to contact me (contact details below). Before finally 

agreeing to take part, participants will be asked to sign a consent form. 

 

Thank You 

 

Patricia Watson        

(Researcher) 

 

Telephone: 02870324289        Supervisor: Professor Julian 

Leslie 

email: Watson-P@ulster.ac.uk                                                                    School of 

Psychology                                 

                                                                                                        University of Ulster, 

Coleraine          

 

 

  

mailto:Watson-P@ulster.ac.uk
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Reducing Domestic Energy Consumption in Northern Ireland: 

 Participant information sheet for EST commitment-makers-Pilot Study 

 

You are being invited to take part in a research study. Before you decide whether or 

not to take part it is important that you understand what the research is for and what 

you would be asked to do. Please read the following information and do not hesitate 

to ask any questions about anything that might not be clear to you. Make sure you are 

happy before you decide what to do. Thank you for taking the time to consider this 

invitation. 

 

This study aims to help households cut down on their electricity use. This should help 

households to reduce electricity bills, and at the same time help Northern Ireland to 

reduce carbon emissions. Reducing carbon emissions helps slow down global 

warming, and reduce the harmful effects of climate change. 

 

The University of Ulster, in partnership with Northern Ireland Electricity (NIE) and 

the Energy Saving Trust, wish to examine how successful Northern Irish households 

can be in reducing their electricity use. 

 

You have been approached as a potential participant today because you have shown 

interest in making a commitment with EST to reduce your carbon footprint. Other 

participants will be moving to a keypad electricity metering system to see how this 

may lead to a reduction in their electricity use.  

 

The study you are being invited to take part in is a pilot study. This study will run for 

one month, and if successful will lead to a similar study lasting for a full year. 

Agreeing to take part in the pilot does not mean you have agreed to take part in the 

main study. 
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Participating in this pilot would involve: 

- Making a commitment to reduce your carbon footprint by 20% 

- Circling answers to a number of short questions on your attitude to the 

environment (or answering these questions via telephone if preferred) at the 

beginning of the research, and one month later.  

- Either reporting electricity use readings from your new meter via telephone, 

or allowing your meter to be read at the beginning and end of the research. 

- Allowing NIE to provide a record of your level electricity use over the month 

before the study to the researcher. (This will be in the form of the units of 

electricity used and will not involve any personal billing information). 

 

 

At the end of the study (one month after the start date) the researcher will stop 

collecting meter readings and giving out questionnaires. The households who 

participated will then of course be free to continue using their keypad meter, or 

making energy-saving commitments if they wish. The information gathered in this 

pilot study will be used to design a follow-up study. The follow-up study will be very 

similar, but last for a year, and when concluded will be written up to form part of a 

PhD thesis, and some overall results may be published. No names will be published 

or presented in the thesis, and every effort made to make sure people who have taken 

part in the research cannot be identified in any reports. 

Any personal information and responses to questionnaires gathered will be treated 

as strictly confidential, and so will only be seen by the research team from the 

University of Ulster, Northern Ireland Electricity service and the Energy Saving 

Trust. The University of Ulster will act as the sponsor of the research, and the 

University of Ulster complies with the Data Protection Act. 

 

Thank you for taking the time to read about this study. Participation is entirely 

voluntary- you do not have to participate, and even if you do you have the right to 

withdraw at any time. 

 

If you would like your household to take part in the study, or would simply like to find 

out more, please do not hesitate to contact me (contact details below). Before finally 

agreeing to take part, participants will be asked to sign a consent form. 
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Thank You 

 

Patricia Watson        

(Researcher) 

 

Telephone: 02870324289        Supervisor: Professor Julian 

Leslie 

email: Watson-P@ulster.ac.uk                            School of 

Psychology  

                   University of Ulster, 

Coleraine 

 

 

 

 

 

 

 

 

 

  

mailto:Watson-P@ulster.ac.uk
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Reducing Domestic Energy Consumption in Northern Ireland:  

Participant information sheet for Combined Interventions- Pilot Study 

 

You are being invited to take part in a research study. Before you decide whether or 

not to take part it is important that you understand what the research is for and what 

you would be asked to do. Please read the following information and do not hesitate 

to ask any questions about anything that might not be clear to you. Make sure you are 

happy before you decide what to do. Thank you for taking the time to consider this 

invitation. 

 

This study aims to help households in Northern Ireland to cut down on their 

electricity use. This should help households to reduce electricity bills. Reducing 

carbon emissions helps slow down global warming, and reduce the harmful effects of 

climate change. 

 

Usually when energy is produced, carbon is released into the atmosphere. This speeds 

up global warming, which can lead to many harmful effects such as flooding and crop 

failure. We all need energy, and use it every day, but how much?  

 

A lot of the energy we use in our homes is in the form of electricity.  Householders are 

often not aware of how much energy they are using and how to cut down on the 

amount they use.    

 

You have been selected to receive information about this research because you have 

decided to switch to a keypad meter and further decided to commit to trying to reduce 

your carbon emissions by 20%.  Regular feedback from your keypad meter may help 

you in your efforts to cut back on electricity use as part of your overall effort to 

reduce energy waste.  
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The study you are being invited to take part in is a pilot study. This study will run for 

one month, and if successful will lead to a similar study lasting for a full year. 

Agreeing to take part in the pilot does not mean you have agreed to take part in the 

main study. 

 

Participating in this pilot would involve: 

- Making a commitment to try to reduce your carbon footprint by 20%, by using 

less energy. 

- Circling answers to a number of short questions on your attitude to the 

environment (or answering these questions via telephone if preferred) at the 

beginning of the research, and one month later. 

- Either reporting electricity use readings from your new meter via telephone, 

or allowing your meter to be read at the beginning and end of the research. 

- Allowing NIE to provide a record of your previous electricity use. (This will be 

in the form of the units of electricity used only, and will not involve any 

personal billing information). 

 

Other participants in this study will EITHER: have a keypad meter installed, but make 

no EST carbon-reduction commitment OR make a carbon-reduction commitment to 

EST but still pay for their electricity by the traditional quarterly billing system (i.e. no 

keypad meter). 

 

At the end of the study (one month after the start date) the researcher will stop 

collecting meter readings and giving out questionnaires. The households who 

participated will then of course be free to continue using their keypad meter, or 

making energy-saving commitments if they wish. The information gathered in this 

pilot study will be used to design a follow-up study. The follow-up study will be very 

similar, but last for a year, and when concluded will be written up to form part of a 

PhD thesis, and some overall results may be published. No names will be published 

or presented in the thesis, and every effort made to make sure people who have taken 

part in the research cannot be identified in any reports. 

 

 



 125 

Any personal information and responses to questionnaires gathered will be treated 

as strictly confidential, and so will only be seen by members of the research team 

from the University of Ulster, Northern Ireland Electricity service and the Energy 

Saving Trust. The University of Ulster will act as the sponsor of the research, and the 

University of Ulster complies with all the provisions of the Data Protection Act. 

Thank you for taking the time to read about this study. Participation is entirely 

voluntary- you do not have to participate, and even if you do you have the right to 

withdraw at any time.  

 

If you would like your household to take part in the study, or would simply like to find 

out more, please do not hesitate to contact me (contact details below). Before finally 

agreeing to take part, participants will be asked to sign a consent form. 

 

Thank You 

 

Patricia Watson        

(Researcher) 

 

Telephone: 02870324289        Supervisor: Professor Julian 

Leslie 

email: Watson-P@ulster.ac.uk                                                                    School of 

Psychology                                 

                                                                                                        University of Ulster, 

Coleraine          

mailto:Watson-P@ulster.ac.uk
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Article II.  

Article III. Environmental Attitudes Questionnaire 

Current electricity meter reading: …………………………………………….. 

(reading from your existing meter, not the new monitor) 

Date reading taken: …………………………………… 

 

Participant Information 

Name: …………………………….. 

Date: …………………………….. 

Age (years): …………..  

 

Including yourself, how many people are resident in your house? 

(Please list numbers of each beside relevant age group below) 

   Adults (over 18 years) : ……….. 

   Adolescents (13-18 yrs) : ……….. 

   Children (0-13yrs) : ……….. 

 

Thank you for taking part in this study. Please now complete the environmental 

attitudes questionnaire below: 

  

Listed below are statements about the relationship between humans and the 

environment. For each one, please indicate whether you STRONGLY AGREE (SA), 

MILDLY AGREE (MA) are UNSURE (U), MILDLY DISAGREE (MD) or 

STRONGLY DISAGREE (SD) with it. 

 

Do you agree or disagree that: 

 

1. We are approaching the limit  SA MA U MD SD 

   of the number of people the earth 

   can support 
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2. Humans have the right to modify  SA MA U MD SD 

    the natural environment to suit 

    their needs 

 

3. When humans interfere with nature  SA MA U MD SD 

    it often produces disastrous 

    consequences 

 

4. Human ingenuity will ensure that we SA MA U MD SD 

    do NOT make the earth unliveable 

 

5. Humans are severely abusing  SA MA U MD SD 

    the environment 

(Please also complete questions 6-15, found on the next page) 

 

6. The earth has plenty of natural  SA MA U MD SD 

    resources if we just learn how to  

    develop them 

 

7. Plants and animals have as much  SA MA U MD SD 

    right to exist as humans 

 

8. The balance of nature is strong  SA MA U MD SD 

    enough to cope with the impacts of 

    modern industrial nations 

 

9. Despite our special abilities humans SA MA U MD SD 

    are still subject to the laws of nature 

 

10. The so-called “ecological crisis”  SA MA U MD SD 

      facing humankind has been greatly 

      exaggerated 

 

11. The earth is like a spaceship with   SA MA U MD SD 
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      very limited room and resources 

 

12. Humans were meant to rule over  SA MA U MD SD 

      the rest of nature 

 

13. The balance of nature is very delicate SA MA U MD SD 

      and easily upset 

 

14. Humans will eventually learn enough SA MA U MD SD 

      about how nature works to be able to  

      control it 

 

15. If things continue on their present  SA MA U MD SD 

      course, we will soon experience a  

      major ecological catastrophe 

 

Article IV. The New Ecological Paradigm Scale 

Dunlap, R.E., Van Lierre, K.D., Mertig, A.G., Jones, R.E. 
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Email 1: 

 

FREE energy saving light-bulbs 

 

Would you be interested in taking part in research about saving energy? Participants 

will receive 4 FREE energy saving light-bulbs as a thank you for taking part. 

 

For more information please email Watson-p@ulster.ac.uk 

 

 

 

Email 2: Initial response to email replies showing interest: 

 

Thank you for your interest in my study. The focus is on how FEEDBACK helps 

people to reduce their consumption of electricity in the home, so 

participation would involve a switch from receiving quarterly bills for 

electricity to using a keypad meter system. The study lasts for one 

month, after which participants may keep their new keypad system, or switch 

back to their previous one. 

All participants will receive 4 free energy saving light-bulbs as a thank-you 

for taking part. 

Please find more detailed information on exactly what taking part will 

involve and using the keypad meter system attached. 

Do not hesitate to contact me if you have any questions or are considering 

taking part.  

Thank you, 

 

Trish Watson  

028703 24289 
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Appendix 2 

 

SPSS Outputs for Study 1 
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The data were explored using box-plots and z scores to determine which if any cases 

should be excluded from analysis (see Figures 2.2.1 and 2.2.2). Box-plots are 

displayed for kWh baseline and kWh intervention scores. 

 

 

Figure 2.2.1- Box-plot of kWh Baseline Scores, Showing the Position of Outliers 

F and U. The Y Axes shows kWh Electricity Used During Baseline and X Axis 

shows Number of Participants 
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Figure 2.2.2- Box-plot of KWh Intervention Scores, Showing Outlier F 

 

 

 

In Figure 2.2.1 an outlier with a very low value score of 35 kWh for the baseline 

period can be seen at the bottom of the graph. This participant, participant U, had only 

a partial electricity bill for this period. This score suggests that participant U used the 

equivalent of only £5.26 of electricity at current prices over this month-long period. 

The standardised z-score for this outlier is only -1.95, so it only approaches 

significance at the 95% confidence level, however it was excluded on the basis that 

the partial bill meant it was almost certainly not representative of a real month‟s 

electricity use. 

 

Participant F, who appears as an outlier in all both plots (Figures 2.2.1 and 2.2.2), 

had high electricity using 808 kWh of electricity during the baseline period, and 
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755.84 during the intervention period (£121.44 and £113.60 worth of electricity 

respectively). The z-scores for these values were 2.49 for the baseline and 2.81 for the 

intervention, significant at the .05 and .01 levels. Although these values seem 

statistically unlikely to represent real values of electricity use, this participant was not 

excluded from the analysis. During data collection participant F explained that their 

electricity use was unusually high due to use of decorative lights and outdoor lights 

and games consoles. This participant was retained as a representative of a main target 

group for electricity interventions- those who use very high amounts of electricity.  

 

Although not highlighted as a statistical outlier in the box-plots, Participant V, who 

used 224.57 more units during the intervention than the baseline, had electricity 

records which appeared in someone else‟s name. Although staff assisting with 

recruitment were asked only to recruit householders who had been at their current 

address for a year or more, when records were collected it appears that this was not 

always the case, so participant V was excluded from the main baseline/intervention 

analysis also. 

 

 

2.2.5: Hypothesis 1- Choosing a Suitable Test 

 

The distribution of kWh baseline and kWh intervention scores was checked for 

normality to assure the assumptions of the dependent t-test were met. Both histograms 

show a roughly normal distribution, with slight positive skew (see Figures 2.2.3 and 

2.2.4). 

 



 134 

 

 

Figure 2.2.3- Histogram Showing the Distribution of kWh Baseline Scores 
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Figure 2.2.4- Histogram Showing the Distribution of KWh Intervention Scores 

 

 

Obviously, the high score of participant F contributes to this positive skew, but even 

including this high score, the z-score for the skewness of kWh baseline, zskew= 1.69, is 

not significant. The z score for the kurtosis of kWh baseline is also not significant 

(zkurtosis = 0.64). For the kWh intervention scores (and hence for the kWh light-bulb 

correct scores also) zskew = 2.411 and zkurtosis = 2.26, which, while over the critical 

value of 1.96 represent skewness and kurtosis values which we might expect to see in 

around 5% of the sampling distribution, i.e. they are not so extreme as to exclude use 

of parametric tests. A non-significant result from the Shapiro-Wilks
6
 test of normality 

also indicates that the data are suitable for use with the dependent t-test (for kWh 

baseline D (22) = .945, p= .250 and for kWh intervention D (22) = .930, p= .124) (see 

output 1 for skewness and kurtosis values and results of the Shapiro-Wilks test).  

                                                      
6 The Shapiro-Wilks test is recommended for use with small samples. The Kolomogorov-Smirnov test was also not 
significant (see output in Appendix). 
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Testing the Assumptions of the ANOVA for use in Comparing Change Scores 

and Proportional Change Scores in the Feedback and Goal-setting Groups  

 

Descriptive Statistics and Shapiro-Wilks Test Results for Change and 

Proportional Change Scores 

 

Score set P value of Shapiro-

Wilks Test 

Mean  

(kWh) 

Standard 

Deviation(kWh) 

Proportional 

Change  

Keypad .131 1.2497 0.26427 

Goal-

setting 

.256 1.2831 0.33926 

KWh change 

 

Keypad .809 55.7625 53.12557 

Goal-

setting 

.292 87.6018 95.69629 

 

 

Levene‟s tests showed that the homogeneity assumption was met for proportional 

change scores (p= .131), but violated for kWh change scores (p <.05), but a 

parametric ANOVA was still used for these comparisons since the probability 

criterion for the Levene‟s test was only just met (actual value of p = 0.49), and the 

assumption of similar non-normal distributions necessary for the accuracy of non-

parametric ANOVAs was not met either (see Figures 2.2.7-10) 
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Figure 2.2.6- Histogram Showing Distribution of Proportional Change Scores in 

the Feedback Group 

 

 

 

 

Figure 2.2.7- Histogram Showing Distribution of Proportional Change Scores in 

Goal-Setting Group 
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Figure 2.2.8- Histogram Showing the Distribution of KWh Change Scores in 

Feedback Group 

 

 

 

Figure 2.2.9- Histogram Showing the Distribution of KWh Change Scores in 

Goal-Setting Group 
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Data exploration using box-plots (see output 3.2.1 in Appendix 4) and z-scores 

indicated no outliers in the data set, with a maximum z-score of 2.30, and the rest of 

the z-scores all below 1.96. A Shapiro-Wilks test indicated that the data did not depart 

significantly from normal (p = .327 for mean day intervention and p = .132 for mean 

day baseline) (see output 3.2.1 for histograms of mean day intervention and baseline 

scores and Shapiro-Wilks statistics). 

 
 

Factors influencing the Effectiveness of Interventions 
 

Shapiro-Wilks tests indicated that the following variables were all suitable for 

parametric tests of correlation: proportional change scores (W (18) = .975, p = .868), 

kWh baseline scores (W (18) = .924, p = .132), NEP scores (W (18)= .959, p = .549) 

and number in household ( W (18) = .923, p = .147.  

 
Output 1- Pilot Study, data exploration and t-test for hypothesis 1 

exploration of kWh baseline, kWh intervention and kWh light-bulb correct data 

Explore 

 

Case Process ing Summ ary

24 100.0% 0 .0% 24 100.0%

24 100.0% 0 .0% 24 100.0%

24 100.0% 0 .0% 24 100.0%

kw h baseline

kw h intervention

kw h light-bulb correct

N Percent N Percent N Percent

Valid Missing Total

Cases
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Descriptives

374.0504 35.51075

300.5908

447.5100

369.2134

334.5000

30264.329

173.96646

35.00

808.00

773.00

156.0842

.570 .472

.681 .918

324.9072 31.21949

260.3248

389.4897

315.0247

309.0121

23391.763

152.94366

101.25

755.64

654.39

211.0092

.967 .472

1.321 .918

353.9072 31.21949

289.3248

418.4897

344.0247

338.0121

23391.763

152.94366

130.25

784.64

654.39

211.0092

.967 .472

1.321 .918

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

kw h baseline

kw h intervention

kw h light-bulb correc t

Statistic Std. Error
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Extrem e  Values

6 808.00

5 659.00

2 599.67

24 596.66

1 533.33

21 35.00

10 137.00

20 191.00

23 204.66

17 226.33

6 755.64

5 559.29

22 512.90

24 485.95

7 447.43

10 101.25

21 122.49

23 147.94

13 171.39

8 201.35

6 784.64

5 588.29

22 541.90

24 514.95

7 476.43

10 130.25

21 151.49

23 176.94

13 200.39

8 230.35

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Highest

Low est

Highest

Low est

Highest

Low est

kw h baseline

kw h intervention

kw h light-bulb correct

Case Number Value

Tests of Nor mality

.123 24 .200* .966 24 .570

.135 24 .200* .946 24 .226

.135 24 .200* .946 24 .226

kw h baseline

kw h intervention

kw h light-bulb correct

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

This  is a low er bound of  the true signif icance.*. 

Lilliefors Signif icance Correctiona. 
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kWh baseline 

 

 

kWh intervention 
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kWh light-bulb correct 

 

kwh intervention

800.0700.0600.0500.0400.0300.0200.0100.0

Histogram

F
re

q
u
e

n
c

y

10

8

6

4

2

0

Std. Dev = 152.94  

Mean = 324.9

N = 24.00

24N =

kwh intervention

1000

800

600

400

200

0

6

kwh light-bulb correct

800.0700.0600.0500.0400.0300.0200.0100.0

Histogram

F
re

q
u
e

n
c

y

7

6

5

4

3

2

1

0

Std. Dev = 152.94  

Mean = 353.9

N = 24.00



 144 

 

T-TEST 

  PAIRS= kWhmnb kWhmnb  WITH kWhmnav mnlbulb (PAIRED) 

  /CRITERIA=CIN(.95) 

  /MISSING=ANALYSIS. 

T-Test 

 

 

24N =

kwh light-bulb corre

1000

800

600

400

200

0

6

Paired Samples  Statistics

374.0504 24 173.96646 35.51075

324.9072 24 152.94366 31.21949

374.0504 24 173.96646 35.51075

353.9072 24 152.94366 31.21949

kw h baseline

kw h intervention

Pair

1

kw h baseline

kw h light-bulb correct

Pair

2

Mean N Std. Deviation

Std. Error

Mean

Paired Samples  Corr elations

24 .833 .000

24 .833 .000

kw h baseline & kw h

intervention

Pair

1

kw h baseline & kw h

light-bulb correct

Pair

2

N Correlation Sig.
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Paired Samples  Test

49.1432 96.66295 19.73124 8.3260 89.9604 2.491 23 .020

20.1432 96.66295 19.73124 -20.6740 60.9604 1.021 23 .318

kw h baseline - kw h

intervention

Pair

1

kw h baseline - kw h

light-bulb correct

Pair

2

Mean Std. Deviation

Std. Error

Mean Low er Upper

95% Conf idence

Interval of  the

Dif ference

Paired Dif ferences

t df Sig. (2-tailed)
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Output 2- Pilot, Hypothesis 2i, keypad participants only 

data exploration 

 

Case Process ing Summ ary

10 100.0% 0 .0% 10 100.0%

10 100.0% 0 .0% 10 100.0%

10 100.0% 0 .0% 10 100.0%

kw h baseline

kw h intervention

kw h light-bulb correct

N Percent N Percent N Percent

Valid Missing Total

Cases
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Descriptives

331.5230 28.92752

266.0844

396.9616

336.6556

334.5000

8368.014

91.47685

137.00

433.66

296.66

105.0200

-1.149 .687

1.104 1.334

275.7605 29.99557

207.9058

343.6152

276.5482

278.9242

8997.344

94.85433

101.25

436.09

334.84

119.4561

-.234 .687

.494 1.334

304.7605 29.99557

236.9058

372.6152

305.5482

307.9242

8997.344

94.85433

130.25

465.09

334.84

119.4561

-.234 .687

.494 1.334

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

kw h baseline

kw h intervention

kw h light-bulb correc t

Statistic Std. Error
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kWh baseline 

Extrem e  Values

19 433.66

14 413.67

18 397.91

16 397.00

15 346.00

10 137.00

17 226.33

13 320.33

12 320.33

11 323.00

14 436.09

18 368.77

19 328.59

15 296.88

16 287.95

10 101.25

13 171.39

17 235.11

12 261.68

11 269.90

14 465.09

18 397.77

19 357.59

15 325.88

16 316.95

10 130.25

13 200.39

17 264.11

12 290.68

11 298.90

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Highest

Low est

Highest

Low est

Highest

Low est

kw h baseline

kw h intervention

kw h light-bulb correct

Case Number Value

Tests of Nor mality

.251 10 .073 .889 10 .166

.141 10 .200* .983 10 .979

.141 10 .200* .983 10 .979

kw h baseline

kw h intervention

kw h light-bulb correct

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

This  is a low er bound of  the true signif icance.*. 

Lilliefors Signif icance Correctiona. 
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kwh baseline
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kWh intervention 
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kWh light-bulb correct 

 

Detrended Normal Q-Q Plot of kwh intervention
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T-TEST 

Normal Q-Q Plot of kwh light-bulb correct
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  PAIRS= kWhmnb kWhmnb  WITH kWhmnav mnlbulb (PAIRED) 

  /CRITERIA=CIN(.95) 

  /MISSING=ANALYSIS. 

T-Test 

 

 

 

 

Paired Samples  Statistics

331.5230 10 91.47685 28.92752

275.7605 10 94.85433 29.99557

331.5230 10 91.47685 28.92752

304.7605 10 94.85433 29.99557

kw h baseline

kw h intervention

Pair

1

kw h baseline

kw h light-bulb correct

Pair

2

Mean N Std. Deviation

Std. Error

Mean

Paired Samples  Corr elations

10 .838 .002

10 .838 .002

kw h baseline & kw h

intervention

Pair

1

kw h baseline & kw h

light-bulb correct

Pair

2

N Correlation Sig.

Paired Samples  Test

55.7625 53.12557 16.79978 17.7588 93.7663 3.319 9 .009

26.7625 53.12557 16.79978 -11.2412 64.7663 1.593 9 .146

kw h baseline - kw h

intervention

Pair

1

kw h baseline - kw h

light-bulb correct

Pair

2

Mean Std. Deviation

Std. Error

Mean Low er Upper

95% Conf idence

Interval of  the

Dif ference

Paired Dif ferences

t df Sig. (2-tailed)
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Output 3- Pilot hypothesis 2ii, goal-setting participants 

data exploration 

 

Case Process ing Summ ary

9 100.0% 0 .0% 9 100.0%

9 100.0% 0 .0% 9 100.0%

9 100.0% 0 .0% 9 100.0%

kw h baseline

kw h intervention

kw h light-bulb correct

N Percent N Percent N Percent

Valid Missing Total

Cases
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Descriptives

482.9256 60.31615

343.8363

622.0148

475.3432

450.0000

32742.336

180.94844

294.33

808.00

513.67

326.6683

.608 .717

-.635 1.400

395.3237 57.99377

261.5898

529.0576

386.0830

337.0472

30269.495

173.98131

201.35

755.64

554.29

232.7375

1.149 .717

1.280 1.400

424.3237 57.99377

290.5898

558.0576

415.0830

366.0472

30269.495

173.98131

230.35

784.64

554.29

232.7375

1.149 .717

1.280 1.400

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

kw h baseline

kw h intervention

kw h light-bulb correc t

Statistic Std. Error
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kWh baseline 

Extrem e Valuesa

6 808.00

5 659.00

2 599.67

1 533.33

4 294.33

8 300.00

9 305.33

3 396.67

6 755.64

5 559.29

7 447.43

2 394.77

8 201.35

3 220.11

4 321.14

1 321.14

6 784.64

5 588.29

7 476.43

2 423.77

8 230.35

3 249.11

4 350.14

1 350.14

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

Highest

Low est

Highest

Low est

Highest

Low est

kw h baseline

kw h intervention

kw h light-bulb correct

Case Number Value

The requested number of  ex treme values exceeds the number

of  data points. A smaller number of  extremes is displayed.

a. 

Tests of Nor mality

.170 9 .200* .917 9 .369

.187 9 .200* .906 9 .287

.187 9 .200* .906 9 .287

kw h baseline

kw h intervention

kw h light-bulb correct

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

This  is a low er bound of  the true signif icance.*. 

Lilliefors Signif icance Correctiona. 
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kwh baseline
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kWh intervention 
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kWh light-bulb correct 

 

Detrended Normal Q-Q Plot of kwh intervention

Observed Value

800700600500400300200100

D
e

v
 f

ro
m

 N
o

rm
a

l

.8

.6

.4

.2

0.0

-.2

-.4

9N =

kwh intervention

800

700

600

500

400

300

200

100

6

kwh light-bulb correct

800.0700.0600.0500.0400.0300.0200.0

Histogram

F
re

q
u
e

n
c

y

5

4

3

2

1

0

Std. Dev = 173.98  

Mean = 424.3

N = 9.00



 160 

 

 

 

T-TEST 

Normal Q-Q Plot of kwh light-bulb correct
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  PAIRS= kWhmnb kWhmnb  WITH kWhmnav mnlbulb (PAIRED) 

  /CRITERIA=CIN(.95) 

  /MISSING=ANALYSIS. 

T-Test 

 

 

 

 

Paired Samples  Statistics

482.9256 9 180.94844 60.31615

395.3237 9 173.98131 57.99377

482.9256 9 180.94844 60.31615

424.3237 9 173.98131 57.99377

kw h baseline

kw h intervention

Pair

1

kw h baseline

kw h light-bulb correct

Pair

2

Mean N Std. Deviation

Std. Error

Mean

Paired Samples  Corr elations

9 .855 .003

9 .855 .003

kw h baseline & kw h

intervention

Pair

1

kw h baseline & kw h

light-bulb correct

Pair

2

N Correlation Sig.

Paired Samples  Test

87.6018 95.69629 31.89876 14.0432 161.1605 2.746 8 .025

58.6018 95.69629 31.89876 -14.9568 132.1605 1.837 8 .104

kw h baseline - kw h

intervention

Pair

1

kw h baseline - kw h

light-bulb correct

Pair

2

Mean Std. Deviation

Std. Error

Mean Low er Upper

95% Conf idence

Interval of  the

Dif ference

Paired Dif ferences

t df Sig. (2-tailed)



 162 

Output 4- Pilot, Hypothesis 3, Change Scores  

data exploration  

 

 

Case Process ing Summ ary

24 100.0% 0 .0% 24 100.0%

24 100.0% 0 .0% 24 100.0%

kw h change score

proportional

change score

N Percent N Percent N Percent

Valid Missing Total

Cases

Descriptives

49.1432 19.73124

8.3260

89.9604

54.0896

52.7307

9343.726

96.66295

-224.57

212.19

436.76

126.7293

-.683 .472

1.618 .918

1.1834 .07370

1.0309

1.3358

1.1932

1.1875

.130

.36107

.29

1.87

1.58

.4301

-.303 .472

.777 .918

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

kw h change score

proportional

change score

Statistic Std. Error
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kWh change score 

Extrem e Values

1 212.19

2 204.90

3 176.56

13 148.94

24 110.71

22 -224.57

21 -87.49

9 -31.72

4 -26.81

14 -22.42

13 1.87

3 1.80

1 1.66

2 1.52

8 1.49

21 .29

22 .56

20 .90

9 .91

4 .92

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Highest

Low est

Highest

Low est

kw h change score

proportional

change score

Case Number Value

Tests of Normality

.118 24 .200* .952 24 .296

.130 24 .200* .973 24 .734

kw h change score

proportional

change score

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

This  is a low er bound of  the true signif icance.*. 

Lilliefors Signif icance Correctiona. 



 164 

 

 

proportional change score 
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USE ALL. 

COMPUTE filter_$=(interven = 1 OR interven = 2). 

VARIABLE LABEL filter_$ 'interven = 1 OR interven = 2 (FILTER)'. 

VALUE LABELS filter_$  0 'Not Selected' 1 'Selected'. 

FORMAT filter_$ (f1.0). 

FILTER BY filter_$. 

EXECUTE . 

UNIANOVA 

  kWhchang  BY interven 

  /METHOD = SSTYPE(3) 

  /INTERCEPT = INCLUDE 

  /EMMEANS = TABLES(interven) COMPARE ADJ(LSD) 

  /PRINT = ETASQ OPOWER HOMOGENEITY 

  /CRITERIA = ALPHA(.05) 

  /DESIGN = interven . 

Univariate Analysis of Variance for KWh Change Scores 

 

24N =

proporti onal change

2.0

1.5

1.0

.5

0.0

21

Betw een-Subjects  Factors

keypad 10

goal-setting 9

1

2

intervention

Value Label N
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Estimated Marginal Means 

intervention 

 

 

Levene's  Test of Equality of Error Variancesa

Dependent Variable: kw h change score

4.491 1 17 .049

F df1 df2 Sig.

Tests the null hypothes is that the error variance of

the dependent variable is  equal across  groups.

Design: Intercept+INTERVENa. 

Tests of Be tw een-Subjects  Effects

Dependent Variable: kw h change score

4801.929b 1 4801.929 .827 .376 .046 .827 .138

97357.949 1 97357.949 16.775 .001 .497 16.775 .971

4801.929 1 4801.929 .827 .376 .046 .827 .138

98663.172 17 5803.716

198824.516 19

103465.101 18

Source

Corrected Model

Intercept

INTERVEN

Error

Total

Corrected Total

Type III Sum

of Squares df Mean Square F Sig.

Partial Eta

Squared

Noncent.

Parameter

Observed

Pow er
a

Computed us ing alpha = .05a. 

R Squared = .046 (Adjusted R Squared = -.010)b. 

Estimates

Dependent Variable: kw h change score

55.763 24.091 4.935 106.590

87.602 25.394 34.025 141.179

intervention

keypad

goal-setting

Mean Std. Error Low er Bound Upper Bound

95% Conf idence Interval

Pairw ise  Com parisons

Dependent Variable: kw h change score

-31.839 35.003 .376 -105.690 42.011

31.839 35.003 .376 -42.011 105.690

(J) intervention

goal-setting

keypad

(I) intervention

keypad

goal-setting

Mean

Dif ference

(I-J) Std. Error Sig.
a

Low er Bound Upper Bound

95% Conf idence Interval for

Dif ference
a

Based on estimated marginal means

Adjustment for multiple comparisons: Least Signif icant Dif ference (equivalent to no adjustments).a. 
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UNIANOVA 

  propchng  BY interven 

  /METHOD = SSTYPE(3) 

  /INTERCEPT = INCLUDE 

  /EMMEANS = TABLES(interven) COMPARE ADJ(LSD) 

  /PRINT = ETASQ OPOWER HOMOGENEITY 

  /CRITERIA = ALPHA(.05) 

  /DESIGN = interven . 

Univariate Analysis of Variance for proportional change scores 

 

 

Univariate Tes ts

Dependent Variable: kw h change score

4801.929 1 4801.929 .827 .376 .046 .827 .138

98663.172 17 5803.716

Contras t

Error

Sum of

Squares df Mean Square F Sig.

Partial Eta

Squared

Noncent.

Parameter

Observed

Pow er
a

The F tests the ef fect of  intervention. This test is  based on the linearly independent pairw ise comparisons among the

estimated marginal means.

Computed using alpha = .05a. 

Betw een-Subjects  Factors

keypad 10

goal-setting 9

1

2

intervention

Value Label N

Levene's  Test of Equality of Error Variancesa

Dependent Variable: proportional change score

2.512 1 17 .131

F df1 df2 Sig.

Tests the null hypothesis that the error variance of

the dependent variable is  equal across groups.

Design: Intercept+INTERVENa. 
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Estimated Marginal Means 

intervention 

 

 

 

 

Tests of Be tw een-Subjects  Effects

Dependent Variable: proportional change score

.005b 1 .005 .058 .813 .003 .058 .056

30.387 1 30.387 333.420 .000 .951 333.420 1.000

.005 1 .005 .058 .813 .003 .058 .056

1.549 17 .091

31.984 19

1.555 18

Source

Corrected Model

Intercept

INTERVEN

Error

Total

Corrected Total

Type III Sum

of Squares df Mean Square F Sig.

Partial Eta

Squared

Noncent.

Parameter

Observed

Pow er
a

Computed us ing alpha = .05a. 

R Squared = .003 (Adjusted R Squared = -.055)b. 

Estimates

Dependent Variable: proportional change score

1.250 .095 1.048 1.451

1.283 .101 1.071 1.495

intervention

keypad

goal-setting

Mean Std. Error Low er Bound Upper Bound

95% Conf idence Interval

Pairw ise  Com parisons

Dependent Variable: proportional change score

-.033 .139 .813 -.326 .259

.033 .139 .813 -.259 .326

(J) intervention

goal-setting

keypad

(I) intervention

keypad

goal-setting

Mean

Dif ference

(I-J) Std. Error Sig.
a

Low er Bound Upper Bound

95% Conf idence Interval for

Dif ference
a

Based on estimated marginal means

Adjustment for multiple comparisons: Least Signif icant Dif ference (equivalent to no adjustments).a. 

Univariate Tes ts

Dependent Variable: proportional change score

.005 1 .005 .058 .813 .003 .058 .056

1.549 17 .091

Contras t

Error

Sum of

Squares df Mean Square F Sig.

Partial Eta

Squared

Noncent.

Parameter

Observed

Pow er
a

The F tests the ef fect of  intervention. This test is  based on the linearly independent pairw ise comparisons among the

estimated marginal means.

Computed using alpha = .05a. 
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Output 5- hypothesis 4, NEP scores 

Explore 

 

 

 

Case Process ing Summ ary

18 81.8% 4 18.2% 22 100.0%

18 81.8% 4 18.2% 22 100.0%

total NEP score at time 1

total NEP score at time 2

N Percent N Percent N Percent

Valid Missing Total

Cases

Descriptives

57.0000 1.85063

53.0955

60.9045

57.1667

60.0000

61.647

7.85156

43.00

68.00

25.00

14.5000

-.419 .536

-1.283 1.038

58.4444 2.09453

54.0254

62.8635

58.6605

61.5000

78.967

8.88636

43.00

70.00

27.00

16.0000

-.539 .536

-.989 1.038

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

total NEP score at time 1

total NEP score at time 2

Statistic Std. Error

Tests of Normality

.204 18 .045 .915 18 .104

.169 18 .189 .910 18 .088

total NEP score at time 1

total NEP score at time 2

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

Lilliefors Signif icance Correctiona. 
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total NEP score at time 1 

 

 

total NEP score at time 2 

total NEP score at time 1
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Correlations 

 

total NEP score at time 2

70.065.060.055.050.045.0

Histogram
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re
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y

7
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0

Std. Dev = 8.89  

Mean = 58.4

N = 18.00

18N =

total NEP score at t

80

70
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40

Descriptive Statistics

393.3582 164.11016 22

67.7954 73.56991 22

1.2524 .28469 22

57.4737 7.90477 19

58.9000 9.36904 20

kw h baseline

kw h change score

proportional change

score

total NEP score at time 1

total NEP score at time 2

Mean Std. Deviation N
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Graph 

 

Graph 

Cor relations

1 .429* .073 -.047 -.214

. .023 .373 .424 .183

22 22 22 19 20

.429* 1 .883** .156 .064

.023 . .000 .262 .395

22 22 22 19 20

.073 .883** 1 .169 .126

.373 .000 . .244 .299

22 22 22 19 20

-.047 .156 .169 1 .844**

.424 .262 .244 . .000

19 19 19 19 18

-.214 .064 .126 .844** 1

.183 .395 .299 .000 .

20 20 20 18 20

Pearson Correlation

Sig. (1-tailed)

N

Pearson Correlation

Sig. (1-tailed)

N

Pearson Correlation

Sig. (1-tailed)

N

Pearson Correlation

Sig. (1-tailed)

N

Pearson Correlation

Sig. (1-tailed)

N

kw h baseline

kw h change score

proportional change

score

total NEP score at time 1

total NEP score at time 2

kw h baseline

kw h change

score

proportional

change score

total NEP

score at

time 1

total NEP

score at

time 2

Correlation is s ignif icant at the 0.05 level (1-tailed).*. 

Correlation is s ignif icant at the 0.01 level (1-tailed).**. 
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Appendix 3 

 

Materials for Study 2 

 

Example of goal-setting declarations 

Example consent form 

Example participant information sheets 

Manual for set up and operation of the OWL wireless energy monitor 

Email recruitment messages
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PLEASE SIGN AND RETURN IN THE ENVELOPE PROVIDED 

 
 
 
 
I,……………………………………….., hereby commit to saving energy 
by trying to reduce my electricity use by 20%. 
 
 
 
Signed 
 
…………………………… 
 
Date 
 
……………………………. 
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PLEASE SIGN AND KEEP AS A REMINDER OF YOUR GOAL 

 
 
 
 
I,……………………………………….., hereby commit to saving energy 
by trying to reduce my electricity use by 20%. 
 
 
 
Signed 
 
…………………………… 
 
Date 
 
……………………………. 
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Consent Form 

 
Project Title:  

 

Using Wireless Feedback Monitors to Reduce Domestic 
Electricity Consumption in Northern Ireland 

Section 4.01 Chief Investigator: Professor Julian Leslie, University of Ulster 

Other Investigators: Patricia Watson, University of Ulster 

(a) Please Initial 

 

 I confirm that I have been given and have read and understood     [ ] 
the information sheet for the above study and have asked and  
received answers to any questions raised 

 

 I understand that my participation is voluntary and that I am free to   [ ] 
Withdraw at any time without giving a reason and without my rights  
being affected in any way 
 

 I understand that the researchers will hold all information and data    [ ] 
collected securely and in confidence and that all efforts will be made to  
ensure that I cannot be identified as a participant in the study (except 
as might be required by law) and I give permission for the researchers to  
hold relevant personal data 
 

 I agree to take part in the above study       [ ] 

(i) Name of Participant     Signature   Date 

 
 
------------------------------------------     ---------------------------------------  ------------------------------------ 
 

(ii) Name of person taking consent   Signature   Date 

 
 
------------------------------------------      ---------------------------------------  ------------------------------------ 
 

(iii) Name of Researcher        Signature   Date 

 
 
------------------------------------------      ---------------------------------------  ------------------------------------ 
 



 183 

 

Using Wireless Feedback Monitors to Reduce Domestic Electricity 
Consumption in Northern Ireland: Participant information sheet 
 
You are being invited to take part in a research study. Before you decide whether or not to take part it is 

important that you understand what the research is for and what you would be asked to do. Please read 

the following information and do not hesitate to ask any questions about anything that might not be clear 

to you. Make sure you are happy before you decide what to do. Thank you for taking the time to 

consider this invitation. 

 

This study aims to help households cut down on their electricity use. This should help households to 

reduce electricity bills, and at the same time help Northern Ireland to reduce carbon emissions. 

Reducing carbon emissions helps slow down global warming, and reduce the harmful effects of climate 

change. 

 

Usually when energy is produced, carbon is released into the atmosphere. This speeds up global 

warming, which can lead to many harmful effects such as flooding and crop failure. We all need energy, 

and use it every day, but how much?  

 

A lot of the energy we use in our homes is in the form of electricity, for lighting and powering many 

appliances, from televisions and computers to hairdryers. A lot of energy can also be wasted, and 

householders are often not aware of how much energy they are using or wasting at different times, so 

we can all try to save energy by using less. 

 

Based on other research, there are two useful ways to help people save energy: Making an energy 

saving commitment and getting feedback. Both these methods will be used to help people save 

electricity in this study. 

People who take part in this research will be asked to sign a commitment to make an effort to reduce 

their electricity use by 20%. This commitment is way of saying you have an intention to save energy 

only, it does not mean you have an obligation to save this amount. 

Taking part in this research would also give you with the opportunity to use a wireless electricity use 

monitor to help you reduce your electricity use by giving you detailed feedback about how much 

electricity you are using. The wireless energy monitor will be provided free of charge by the researcher, 

and is very simple to use. This compact, 4.6in x 4.2in x 1.2in monitor can be placed wherever is 

convenient in the home, and gives and easy-to-read display showing how much electricity is being 

used, and how much money it costs. 
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To see how much electricity each household saves, you will be asked to give electricity meter readings 

at times when the wireless energy monitor is not in place, and these will be compared with how much 

energy you use when you have signed your commitment, and are using your wireless energy monitor. 

The research last for 10 months, 5 months of this time will be spent with a wireless energy monitor, and 

5 months without.  

 

Taking part in the research would involve: 

- Using a free wireless energy monitor at home 
- Signing a commitment to try to reduce your household electricity use by 20% 
- Report electricity meter readings either by telephone or post. (For this you will be provided with 

stamped addressed envelopes when required, or called at a convenient time, if you prefer). 
- Filling out a short questionnaire about your attitude towards the environment. 

 

At the end of the study, the researcher will stop collecting meter readings. The households who 

participated will then of course be free to continue using their wireless energy monitor, or making 

energy-saving commitments if they wish. The information gathered in the study will then be written up to 

form part of a PhD thesis, and some overall results may be published. No names will be published or 

presented in the thesis, and every effort made to make sure people who have taken part in the research 

cannot be identified in any reports. 

 

Any personal information gathered will be treated as strictly confidential, and so will only be seen 

by the researcher and project supervisor (Professor Julian Leslie).  

 

Thank you for taking the time to read about this study. Participation is entirely voluntary- you do not 

have to participate, and even if you do you have the right to withdraw at any time. 

 

If you would like your household to take part in the study, or would simply like to find out more, please 

do not hesitate to contact me (contact details below). Before finally agreeing to take part, participants 

will be asked to sign a consent form. 

 

Thank You 

Patricia Watson        

(Researcher) 

 

Telephone: 07894307593        Supervisor: Professor Julian Leslie 

email: Watson-P@ulster.ac.uk                      Telephone: 02870323090 

  

mailto:Watson-P@ulster.ac.uk
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ARTICLE V. SETTING UP 
Synchronising /Pairing Display to Transmitter 

1. In the battery bconpartment in the back of the transmitter please ensure that the switich is set to 
position 2. Insert the batteries into the trasmitter, replace the battery cover and press the RESET 
button on the back of the unit. (You could use the end of a paperclip inorder to reset) 

2. Insert the batteries into the display monitor. A "beep" should be heard, all segments should appear 
on the screen, followed with "---" which should flash showing that the display is searching for the 
transmitter. 

3. Press and hold the green check button on the front of the transmitter until the RED light starts to 
flash. 

4. Press and hold the SET & RESET buttons of the display simultaneously. (You could use the end of a 
paperclip in order to reset) 

5. Release the RESET button and a "beep" shoul be heard. All the segments should appear on the 
display monitor. 

6. On hearing a second "beep" the SET button can be released. The Display will show "----", which 
should flash meaning that the display is searching for the transmitter, and will display "0" when 
found. 

7. "0" should now be in the middle of the display, so the Transmitter and Display are linked together. 

Setting Up a Single Tariff on the OWL Monitor 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press SET key 
3. TAR1 will be displayed in main Display. Press SET key 
4. TIME will be displayed in main Display. Press MODE key 
5. RATE will be displayed in main Display. Press SET key 
6. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
7. PEAK will be displayed in main Display. Press MODE key (no need to be set with single Tariff) 
8. ALM will be displayed in main Display. Press MODE key 
9. END will be displayed in main Display. Press SET key 
10. TAR2 will be displayed in main Display. Press MODE key 
11. TAR3 will be displayed in main Display. Press MODE key 
12. TAR4 will be displayed in main Display. Press MODE key 
13. END will be displayed in main Display. Press SET key 
14. TIME should be displayed in the bottom RH of the display. Press MODE key 
15. DATE should be displayed in the bottom RH of the display. Press MODE key 
16. ACCU should be displayed in the bottom RH of the display. Press MODE key 
17. OTHER should be displayed in the bottom RH of the display. Press MODE key 
18. END should be displayed in the bottom RH of the display. Press SET key 

Setting Economy 7 Type Tariffs on the OWL Wireless Electricity Monitor 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press SET key 
3. TAR1 will be displayed in main Display. Press SET key 
4. TIME will be displayed in main Display. Press SET key [07:00] 
5. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
6. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
7. RATE will be displayed in main Display. Press SET key 
8. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
9. PEAK will be displayed in main Display. Press MODE key 
10. ALM will be displayed in main Display. Press MODE key 
11. END will be displayed in main Display. Press SET key 
12. TAR2 will be displayed in main Display. Press SET key 
13. OFF will be flashing in main display. Use ADJUST key to select ON and press SET key to enable 

Tariff 2. 
14. TIME will be displayed in main Display. Press SET key [23:30] 
15. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
16. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
17. RATE will be displayed in main Display. Press SET key 
18. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
19. PEAK will be displayed in main Display. Press MODE key 
20. ALM will be displayed in main Display. Press MODE key 
21. END will be displayed in main Display. Press SET key 
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22. TAR3 will be displayed in main Display. Press MODE key 
23. TAR4 will be displayed in main Display. Press MODE key 
24. END will be displayed in main Display. Press SET key 
25. TIME should be displayed in the bottom RH of the display. Press MODE key 
26. DATE should be displayed in the bottom RH of the display. Press MODE key 
27. ACCU should be displayed in the bottom RH of the display. Press MODE key 
28. OTHER should be displayed in the bottom RH of the display. Press MODE key 
29. END should be displayed in the bottom RH of the display. Press SET keySetting 

Economy 10 Type Tariffs on the OWL Monitor 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press SET key 
3. TAR1 will be displayed in main Display. Press SET key 
4. TIME will be displayed in main Display. Press SET key (ie 12:30AM) 
5. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
6. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
7. RATE will be displayed in main Display. Press SET key (PEAK Rate) 
8. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
9. PEAK will be displayed in main Display. Press SET key 
10. NO will be flashing in main Display. Select YES using the ADJUST key and confirm by pressing the 

SET key 
11. ALM will be displayed in main Display. Press MODE key 
12. END will be displayed in main Display. Press SET key 
13. TAR2 will be displayed in main Display. Press SET key 
14. OFF will be flashing in main display. Use ADJUST key to select ON and press SET key to enable 

Tariff 2. 
15. TIME will be displayed in main Display. Press SET key (ie 2:30PM) 
16. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
17. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
18. RATE will be displayed in main Display. Press SET key (OFF PEAK Rate) 
19. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
20. PEAK will be displayed in main Display. Press MODE key 
21. ALM will be displayed in main Display. Press MODE key 
22. END will be displayed in main Display. Press SET key 
23. TAR3 will be displayed in main Display. Press SET key 
24. OFF will be flashing in main display. Use ADJUST key to select ON and press SET key to enable 

Tariff 3. 
25. TIME will be displayed in main Display. Press SET key (ie 7:30AM) 
26. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
27. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
28. RATE will be displayed in main Display. Press SET key (PEAK Rate) 
29. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
30. PEAK will be displayed in main Display. Press SET key 
31. NO will be flashing in main Display. Select YES using the ADJUST key and confirm by pressing the 

SET keyALM will be displayed in main Display. Press MODE key 
32. END will be displayed in main Display. Press SET key 
33. TAR4 will be displayed in main Display. Press SET key 
34. OFF will be flashing in main display. Use ADJUST key to select ON and press SET key to enable 

Tariff 4. 
35. TIME will be displayed in main Display. Press SET key (ie 10:30PM) 
36. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
37. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
38. RATE will be displayed in main Display. Press SET key (OFF PEAK Rate) 
39. Current rate value will be displayed in main Display, set each digit in turn using the ADJUST key 

and confirm by pressing the SET key 
40. PEAK will be displayed in main Display. Press MODE key 
41. ALM will be displayed in main Display. Press MODE key 
42. END will be displayed in main Display. Press SET key 
43. END will be displayed in main Display. Press SET key 
44. TIME should be displayed in the bottom RH of the display. Press MODE key 
45. DATE should be displayed in the bottom RH of the display. Press MODE key 
46. ACCU should be displayed in the bottom RH of the display. Press MODE key 
47. OTHER should be displayed in the bottom RH of the display. Press MODE key 
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48. END should be displayed in the bottom RH of the display. Press SET key 

  
Setting Up the Clock & Date 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press MODE key 
3. TIME should be displayed in the bottom RH of the display. Press SET key 
4. 12HR will be flashing in main Display. Select 12HR or 24HR clock using the ADJUST key and 

confirm by pressing the SET key 
5. HOUR will be displayed in main Display, set start time hours using the ADJUST key and confirm by 

pressing the SET key 
6. MINS will be displayed in main Display, set start time minutes using the ADJUST key and confirm 

by pressing the SET key 
7. TIME will be displayed in main Display. Press SET key 
8. DATE should be displayed in the bottom RH of the display. Press SET key 
9. mmdd will be flashing in main Display. Select ddmm or mmdd date using the ADJUST key and 

confirm by pressing the SET key 
10. YEAR will be displayed in main Display, set year using the ADJUST key and confirm by pressing the 

SET key 
11. MNTH will be displayed in main Display, set month using the ADJUST key and confirm by pressing 

the SET key 
12. DAY will be displayed in main Display, set start time minutes using the ADJUST key and confirm by 

pressing the SET key 
13. ACCU should be displayed in the bottom RH of the display. Press MODE key 
14. OTHER should be displayed in the bottom RH of the display. Press MODE key 15. END should be 

displayed in the bottom RH of the display. Press SET key 

  
Changing the Voltage Setting 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press MODE key 
3. TIME should be displayed in the bottom RH of the display. Press MODE key 
4. DATE should be displayed in the bottom RH of the display. Press MODE key 
5. ACCU should be displayed in the bottom RH of the display. Press MODE key 
6. OTHER should be displayed in the bottom RH of the display. Press SET key 
7. CNTY will be displayed in main Display. Press MODE key 
8. CURR will be displayed in main Display. Press MODE key 
9. VOLT will be displayed in main Display. Press SET key 
10. 230 will be flashing in main Display. Select 240 using the ADJUST key and confirm by pressing the 

SET key 
11. UNIT will be displayed in main Display. Press MODE key 
12. TEMP will be displayed in main Display. Press MODE key 
13. CHAN will be displayed in main Display. Press MODE key 
14. GHG will be displayed in main Display. Press MODE key 
15. END will be displayed in main Display. Press SET key 
16. END should be displayed in the bottom RH of the display. Press SET key 

Changing the Temperature Units (°C / °F) 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press MODE key 
3. TIME should be displayed in the bottom RH of the display. Press MODE key 
4. DATE should be displayed in the bottom RH of the display. Press MODE key 
5. ACCU should be displayed in the bottom RH of the display. Press MODE key 
6. OTHER should be displayed in the bottom RH of the display. Press SET key 
7. CNTY will be displayed in main Display. Press MODE key 
8. CURR will be displayed in main Display. Press MODE key 
9. VOLT will be displayed in main Display. Press MODE key 
10. UNIT will be displayed in main Display. Press MODE key 
11. TEMP will be displayed in main Display. Press SET key 
12. °C will be flashing in main Display. Select °F using the ADJUST key and confirm by pressing the 

SET key 
13. CHAN will be displayed in main Display. Press MODE key 
14. GHG will be displayed in main Display. Press MODE key 
15. END will be displayed in main Display. Press SET key 
16. END should be displayed in the bottom RH of the display. Press SET key 

  
Changing the Greenhouse Gas Units 
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1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press MODE key 
3. TIME should be displayed in the bottom RH of the display. Press MODE key 
4. DATE should be displayed in the bottom RH of the display. Press MODE key 
5. ACCU should be displayed in the bottom RH of the display. Press MODE key 
6. OTHER should be displayed in the bottom RH of the display. Press SET key 
7. CNTY will be displayed in main Display. Press MODE key 
8. CURR will be displayed in main Display. Press MODE key 
9. VOLT will be displayed in main Display. Press MODE key 
10. UNIT will be displayed in main Display. Press SET key 
11. KG.KG will be flashing in main Display. Select TONNE / LB.LB / TON using the ADJUST key and 

confirm by pressing the SET key 
12. TEMP will be displayed in main Display. Press MODE key 
13. CHAN will be displayed in main Display. Press MODE key 
14. GHG will be displayed in main Display. Press MODE key 
15. END will be displayed in main Display. Press SET key 
16. END should be displayed in the bottom RH of the display. Press SET key 

  
Changing the CO2 Conversion Factor 

1. Press and Hold the Set Button to enter set up menu. 
2. COST should be displayed in the bottom RH of the display. Press MODE key 
3. TIME should be displayed in the bottom RH of the display. Press MODE key 
4. DATE should be displayed in the bottom RH of the display. Press MODE key 
5. ACCU should be displayed in the bottom RH of the display. Press MODE key 
6. OTHER should be displayed in the bottom RH of the display. Press SET key 
7. CNTY will be displayed in main Display. Press MODE key 
8. CURR will be displayed in main Display. Press MODE key 
9. VOLT will be displayed in main Display. Press MODE key 
10. UNIT will be displayed in main Display. Press MODE key 
11. TEMP will be displayed in main Display. Press MODE key 
12. CHAN will be displayed in main Display. Press MODE key 
13. GHG will be displayed in main Display. Press SET key 
14. 0.43 will be flashing in main Display. Increment value in 0.01 steps pressing/holding the ADJUST 

key and confirm by pressing the SET key 
15. END will be displayed in main Display. Press SET key 
16. END should be displayed in the bottom RH of the display. Press SET key 

Resetting the Total Accumulated Values 
Using the keys on Front of the Display  

  

1. Press and hold the [MODE] & [SET] keys simultaneously 2. Release both keys when the Total 
Accumulated value resets to 0 in the bottom LH display  

Using the Set Menu  
  

Press and Hold the Set Button to enter set up menu.  

1. COST should be displayed in the bottom RH of the display. Press MODE key  
2. TIME should be displayed in the bottom RH of the display. Press MODE key  
3. DATE should be displayed in the bottom RH of the display. Press MODE key  
4. ACCU should be displayed in the bottom RH of the display. Press SET key  
5. NO will be flashing in main display. Use ADJUST key to select YES and press SET key to RESET 

Total Accumulated Values only to 0. DONE will appear in the screen if reset has been successful.  

Note:- If ERR appears in the screen then reset has failed. Press the mode key until ACCU is displayed again 
and repeat steps 5 & 6.  

  

1. OTHER should be displayed in the bottom RH of the display. Press MODE key 2. END should be 
displayed in the bottom RH of the display. Press SET key  

  

Change the Currency Symbol  
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1. Press and Hold the Set Button to enter set up menu.  
2. COST should be displayed in the bottom RH of the display. Press MODE key  
3. TIME should be displayed in the bottom RH of the display. Press MODE key  
4. DATE should be displayed in the bottom RH of the display. Press MODE key  
5. ACCU should be displayed in the bottom RH of the display. Press MODE key  
6. OTHER should be displayed in the bottom RH of the display. Press SET key  
7. CNTY will be displayed in main Display. Press MODE key  
8. CURR will be displayed in main Display. Press SET key  
9. £ symbol will be flashing in main Display. Select Currency Symbol using the ADJUST key and 

confirm by pressing the SET key  
10. VOLT will be displayed in main Display. Press MODE key  
11. UNIT will be displayed in main Display. Press MODE key  
12. TEMP will be displayed in main Display. Press MODE key  
13. CHAN will be displayed in main Display. Press MODE key  
14. GHG will be displayed in main Display. Press MODE key  
15. END should be displayed in the bottom RH of the display. Press SET key  

Change the Channel You will need both the Transmitter & Display  

  

1. TRANSMITTER:- In the battery compartment set the switch to position 1, 2, or 3. Press the 
RESET button on the back of unit (The end of a paperclip is ok for the Reset).  

2. DISPLAY:- Press and Hold the Set Button on the display to enter set up menu.  

3. COST should be displayed in the bottom RH of the display. Press MODE key  

4. TIME should be displayed in the bottom RH of the display. Press MODE key  

5. DATE should be displayed in the bottom RH of the display. Press MODE key  

6. ACCU should be displayed in the bottom RH of the display. Press MODE key  

7. OTHER should be displayed in the bottom RH of the display. Press SET key  

8. CNTY will be displayed in main Display. Press MODE key  

9. CURR will be displayed in main Display. Press MODE key  

10. VOLT will be displayed in main Display. Press MODE key  

11. UNIT will be displayed in main Display. Press MODE key  

12. TEMP will be displayed in main Display. Press MODE key  
13. CHAN will be displayed in main Display. Press SET key  

14. 2 will be flashing in main Display. Select Channel 1, 2, or 3 using the ADJUST key as has been 
selected in the transmitter, and confirm by pressing the SET key  

15. GHG will be displayed in main Display. Press MODE key  

16. TRANSMITTER:- Press and Hold [CHECK] key until Red Light starts to flash  

17. DISPLAY:- END should be displayed in the bottom RH of the display. Press SET key and display 
starts to look for the Transmitter unit  
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Response to emails expressing interest in the study: 

 

 
Thank you for your enquiry about our energy saving research. 
 
The research project lasts for 10 months. During this time participants will spend periods of 
time both with and without using the wireless energy monitors provided. This is to allow me to 
record how much electricity is saved by the household through use of the monitor. 
 
AT THE END OF THE RESEARCH ALL PARTICPANTS ARE FREE TO KEEP THEIR 
ENERGY MONITORS, AND CONTINUE TO USE THEM AS THEY WISH. 
 
There will be three groups of participants: 
Group 1 will receive a wireless monitor to use for 5 months, then will have the monitor taken 
away for the next five months. 
Group 2 will receive no monitor for the first five months, then will use a monitor for the last five 
months. 
Group 3 will use a monitor for 2 months, then use no monitor for the next few months, then go 
back to using a monitor for the next 2 months, and so on for 10 months. 
Participants will be randomly allocated to either group 1, 2 or 3. 
 
All participants will be asked to sign a commitment saying they will TRY to reduce their 
electricity use by 20%. Participants are under NO OBLIGATION to reduce their electricity use 
by this amount, but previous research has indicated that making a written commitment to save 
leads to bigger savings. 
 
Participants will be asked to report their electricity meter readings at the start and end of each 
period of using or not using the monitor. This can be done via telephone, or by post if preferred. 
Participants will also be asked to fill in a short questionnaire on attitudes to the environment at 
the beginning of the research. 
 
Attached is an information sheet about participation in the research.  
If you wish to take part, please let me know and I will arrange a time to visit you at your campus 
with a consent form and wireless energy monitor. 
 
If you have any questions please don’t hesitate to ask. 
 
Thank you, 
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Appendix 4 

 

SPSS Outputs for Study 2 
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Hypothesis 1 

 

Descriptives 
Explore 

 

 

Case Process ing Summ ary

19 95.0% 1 5.0% 20 100.0%

19 95.0% 1 5.0% 20 100.0%

mean kw h electricity used

per day of  intervention 1

mean kw h electricity used

per day of  baseline 1

N Percent N Percent N Percent

Valid Missing Total

Cases

Descriptives

13.5656 1.25008

10.9393

16.1919

13.4308

12.2388

29.691

5.44896

5.53

24.02

18.49

9.5421

.338 .524

-1.097 1.014

14.3835 1.56791

11.0895

17.6776

14.0081

12.1857

46.708

6.83434

5.42

30.11

24.69

9.1878

.944 .524

.356 1.014

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

mean kw h elec tricity  used

per day of  intervention 1

mean kw h elec tricity  used

per day of  baseline 1

Statistic Std. Error
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mean kwh electricity used per day of intervention 1 

 

Extrem e  Values

11 24.02

5 21.06

1 20.32

9 18.90

8 18.40

14 5.53

19 7.36

13 7.49

3 8.04

10 8.86

20 30.11

15 27.17

1 23.37

17 18.83

5 18.71

14 5.42

13 6.50

10 7.23

19 8.69

3 9.52

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Highest

Low est

Highest

Low est

mean kw h elec tricity  used

per day of intervention 1

mean kw h elec tricity  used

per day of baseline 1

Case Number Value

Tests of Normality

.156 19 .200* .945 19 .327

.153 19 .200* .924 19 .132

mean kw h electricity used

per day of  intervention 1

mean kw h electricity used

per day of  baseline 1

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

This  is a low er bound of  the true signif icance.*. 

Lilliefors Signif icance Correctiona. 

mean kwh electricity  used per day  of  interv ention 1

25.022.520.017.515.012.510.07.55.0

Histogram
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n
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y
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1

0

Std. Dev = 5.45  

Mean = 13.6

N = 19.00
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mean kwh electricity used per day of baseline 1 

 

 
 

 

19N =

mean kwh el ectric ity
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Hypothesis 1 

 

T-Test 

 

 

 
 

Paired Samples  Statistics

13.5656 19 5.44896 1.25008

14.3835 19 6.83434 1.56791

mean kw h electricity  used

per day of intervention 1

mean kw h electricity  used

per day of baseline 1

Pair

1

Mean N Std. Deviation

Std. Error

Mean

Paired Samples  Corre lations

19 .684 .001

mean kw h electricity  used

per day of  intervention 1 &

mean kw h electricity  used

per day of  baseline 1

Pair

1

N Correlation Sig.

Paired Samples  Test

-.8179 5.04276 1.15689 -3.2485 1.6126 -.707 18 .489

mean kw h elec tricity  used

per day of intervention 1 -

mean kw h elec tricity  used

per day of baseline 1

Pair

1

Mean Std. Deviation

Std. Error

Mean Low er Upper

95% Conf idence

Interval of  the

Dif ference

Paired Dif ferences

t df Sig. (2-tailed)
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Correlations between NEP score, kWh baseline use, number 
resident in household, and proportional change scores  

 

Case Process ing Summ ary

18 94.7% 1 5.3% 19 100.0%

18 94.7% 1 5.3% 19 100.0%

18 94.7% 1 5.3% 19 100.0%

18 94.7% 1 5.3% 19 100.0%

total number of  people

normally res ident in

household

total NEP score

mean kw h electricity used

per day of  baseline 1

proportional change

score

N Percent N Percent N Percent

Valid Missing Total

Cases
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Descriptives

3.3889 .38039

2.5863

4.1914

3.3765

3.5000

2.605

1.61387

1.00

6.00

5.00

3.0000

.130 .536

-1.172 1.038

53.3889 1.73043

49.7380

57.0398

53.5432

54.0000

53.899

7.34157

38.00

66.00

28.00

9.5000

-.584 .536

.390 1.038

14.6999 1.62347

11.2747

18.1251

14.3597

12.6453

47.442

6.88781

5.42

30.11

24.69

9.0680

.865 .536

.243 1.038

1.0054 .06071

.8773

1.1335

1.0026

1.0123

.066

.25759

.55

1.52

.97

.3073

-.042 .536

.016 1.038

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

Mean

Low er Bound

Upper Bound

95% Conf idence

Interval for Mean

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skew ness

Kurtosis

total number of  people

normally res ident in

household

total NEP score

mean kw h elec tricity  used

per day of  baseline 1

proportional change

score

Statistic Std. Error
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total number of people normally resident in household 

 

 

Tests of Normality

.194 18 .071 .923 18 .147

.120 18 .200* .957 18 .552

.147 18 .200* .932 18 .210

.128 18 .200* .972 18 .829

total number of  people

normally res ident in

household

total NEP score

mean kw h electricity used

per day of  baseline 1

proportional change

score

Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnov
a

Shapiro-Wilk

This  is a low er bound of  the true signif icance.*. 

Lilliefors Signif icance Correctiona. 
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6.05.04.03.02.01.0

Histogram

F
re

q
u
e

n
c

y

6

5

4

3

2

1

0

Std. Dev = 1.61  

Mean = 3.4

N = 18.00

Normal Q-Q Plot of total number of people normally resident in household

Observed Value

76543210

E
x

p
e

c
te

d
 N

o
rm

a
l

1.5

1.0

.5

0.0

-.5

-1.0

-1.5



 211 

 

 
total NEP score 

 

Detrended Normal Q-Q Plot of total number of people normally resident in
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mean kwh electricity used per day of baseline 1 

Normal Q-Q Plot of total NEP score
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mean kwh electricity  used per day  of  baseline 1
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proportional change score 

 

 

18N =

mean kwh el ectric ity
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. 

Graph 

 
 

Detrended Normal Q-Q Plot of proportional change score
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Graph 
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Graph 

 
 

Correlations 
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GET 

  FILE='C:\Documents and Settings\Patricia\My Documents\energy back 

up\data'+ 

 ' collection\analysis\WIRELESS STUDY\group 3 wireless 2010.sav'. 

 

Cor relations

1 -.472* -.146 .219

. .041 .563 .368

19 19 18 19

-.472* 1 .294 .175

.041 . .236 .473

19 19 18 19

-.146 .294 1 -.093

.563 .236 . .714

18 18 18 18

.219 .175 -.093 1

.368 .473 .714 .

19 19 18 19

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

proportional change

score

kw h electric ity used in

baseline one

corrected for duration

total number of  people

normally res ident in

household

total NEP score

proportional

change score

kw h electric ity

used in

baseline one

corrected for

duration

total number

of  people

normally

res ident in

household

total NEP

score

Correlation is  s ignif icant at the 0.05 level (2-tailed).*. 
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